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DESCRIPTION

OPTICAL DISK APPARATUS
Technical Field

The present invention relates to an optical disk
apparatus for recording and reproducing an information to
and from an optiéal disk and, more pafticularly, to an
optical disk apparatus which can correctly access to
recording tracks formed on said optical disk regardless of
physical distortion thereof and electrical distortion of
tracking system thereof.

Background Art

In recent years, an optical disk apparatus has
been prosperously developed as a means for recording and
reproducing data of large capacity. For this purpose; many
approaches to the higher recording density are made. For
achieving such a high recérding éensity, it is necessary to
reduce the inter-recording ﬁit interference, improve the
S/N ratio, and compensate the éignal guality for the
degradation caused by the fluctuations of optical disk
medipm and/or optical disk apparatus. Specifically, such
fluctuations mainly relate to the physical distortion of
the optical disk and the propensity of the electrical
circuit used in the optical disk apparatus.

With reference to Fig. 44, the first case
relating to the physical distortion of the optical disk is
described. Principally, an optical disk D should be kept
in a flat disk shape when it is set in a disk motor Md, so
that an optical pickup Os can keep its optical axis
perpendicular to the recording surface of the disk D during

recording and reproducing operation. For scanning the
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recording tracks, the optical pickup Os moves in a radial
direction indicated by an arrow Dr on a line LR in
alignment with the radius of the optical disk D.

However, the optical disk D set in the disk motor
Md will hang down its outer circumference due to its
weight. In other wbrds, the optical disk D inclines
downward in a conical shape instead of the flat plate disk
shape. Strictly speaking, the optical disk D also curves
both in the radial and circumferential directions.
Therefore, as a result of such an inclination of the disk
D, the optical pickup Os can not scan the recording tracks
with its optical axis Ax across the_recording surface of
the disk D at a right angle. Furthermore, the crossing
angle varies according to the position of the optical pick
O0s with respect to the optical disk D (the line LR).

Under such conditions, an angle fr formed between
thé optical axis Ax and the recording surface of the disk D
is defined as a “radial tilt angle." An angle 8t formed
between the optical axis Ax and a line LD tangential to the
recording track (or perpendicular to the radius) of the
optical disk D is referred to as a "tangential tilt.”
Generally, the amount of radial tilt 6r of the optical disk
such as a compact disk is within the range from -0.5° to
0.5°.

The second case relating to the propensity of
electric circuits appears such that the laser beam can not
be correctly focused and tracked on the target recording
track even when the focus or tracking signal indicates that
the laser spot is correctly focused and tracked. These

kinds of focus error or tracking error occur regardless of
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that the physical distortion such as the radial £ilt or the
tangential tilt is compensated.

As a result of the above described fluctuations,
the optical pickup Os can not make the laser spot focused
on the aimed fecording track or trace thereof.
Specifically, the laser spot thus focused bridges over two
neighboring tracks, scans the recording tracks with varying
the crossing angles, and scans little or partially the
aimed recording track but non aimed track much.
Furthermore, the laser spot can not trace the recording
track, and may loose the track of aimed recording track.
Therefore, the signal reproduction is facing the problems
of crosstalk, insufficient amplitude, noise, wave form
interference, and jittering (asynchronization with the
original signal). Thus, the reproduced recording signal
will jitter. When the jittering becomes greater, the
guality of reproduced recording signal is considerably
degraded. Furthermore the reading error by the optical |
pickup increases.

"In Fig. 45, the relationship between the
jittering amount (%) and the radial tilt (fr), obtained by
an experiment, ;s shown. The jittering amount shows its
minimum value within a range from +0.1 to -0.1 degree with
respect to the zero-radial tilting position. It is also
apparent that the jittering becomes greater at an
increasing tempo as the radial tilt #r becomes greater. In
other words, the jitter shows its minimum when the radial
tilt 0r is set to the minimum.

Thereforé, for reproducing the original signal - -
from the recording track under such fluctuating factors, it
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is necessary to adjust the optical disk apparatus with
respect to the physical fluctuations such as radial tilﬁ
and tangential tilt, and the electrical fluctuation such as
focus error and tracking error.

With reference to Fig. 46, a conventional optical
disk apparatus which compensates for the radial tilt is
described. The conventional radial optical disk apparatus
includes an optical disk 8101, an optical head 8102, a tilt
sensor 8103, a preamplifier 8104, a radial tilt controller
8105, and a radial tilt adjﬁster 8106.

 In operation of thus constructed conventional
optical disk apparatus, the tilt sensor 8103 outputs a
tilting signal Sr having a voltage responding to the
tilting amount of the optical disk 8101 with respect to the
optical head 8102. The preamplifier 8104 amplifies the

-tilting signal Sr. The radial tilt controller 8105 drives

the radial tilt adjuster 8106 such that thus amplified
tilting signal Sr becomes zero. Thus, the optical head
8102 can be kept in a position parallel to the optical disk
8101 so that a signal with a good guality can be recorded
thereto or reproduced therefrom. |

However, with a configuration mentioned above,
the tilt sensor (8103) is an essential component, causing
the manufacturing cost expensive, and should be arranged
beside the optical head (8103), preventing the
miniaturization of the optical disk apparatus. _
Furthermore, the tilt sensor should be correctly located in
parallel to the optical he&d, otherwise the parallelism of

optical head to the optical disk can not be adjusted
correctly.
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Disclosure of the Invention
The object of the present invention is therefore

to provide an optical disk apparatus which solves these

. problens.

The present invention has been developed with a
view to substantially solving the above described
disadvantages and has for its essential object to provide
an improved optical disk apparétus.

In order to achieve the aforementioned objective,
an optical disk apparatus for reproducing a signal from a
recording track formed in an optical disk by focusing a
light spot on said recording track, said apparatus
comprises a first pattern generator means for generating a _
first pattern for causing said reproduced signal to jitter;
and a writing means for writing said first pattern to a
first recording track of said optical disk.

Brief Description of the Drawings

These and othexr objects and features of the
present invention will become clear from the following
description taken in conjunction with'the preferred
embodiments thereof. with reference to the accompanying
drawings throughout which like parts are designated by like
reference nuﬁerals, and in which:

Fig. 1A is a plan view schematically showing an
optical disk having a calibration data area formed therein
according to the present invention;

Fig. 1B is a plan view schematically showing an
alternative of the optical disk of Fig. 1a;
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Fig. 1C is a plan view schematically showing an
optical disk having two calibration data areas formed
therein according to the present invention;

FPig. 2 is graph schematically showing an erasable
(re-writable) type of optical disk;

Fig. 3 is an enlarged view of a portion the

calibration data area of Fig. 1A which is enclosed by a
circle R;

Fig. 4 is a graph schematically showing a first
example of signals recorded in the calibration data area of
Figs. 1A, 1B, and 1C; o

Fig. SA is a graph schematically showing the pits |
arrangement of the specific pattern signal of Fig. 3;

Fig. 5B is a graph schematically showing a
specific example of pits arrangement of Fig. 53A;

Fig. 6 is a graph showing a sector construction
of the specific pattern signal of Fig. 4;

Fig. 7 is a graph showing the relationship
between the pit pattern and the signal reproduced

“therefrom; -

Fig. 8 is a block diagram showing an optical disk
apparatus according to a first embodiment of the present
invention;

Fig. 92 is a block diagram showing a jitter amount
measurer and a phase locked loop unit (PLL) of Fig. 8;

Fig. 10 is a graph schematically showing a
construction of a radial tilt adjuster of Fig. 8;

FPig. 11 is a flow chart showing a main routine of
operatioﬁ performed by the optical disk apparatus of Fig. 8 77
with the optical disk of Fig. 1A;
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Fig. 12 is a graph in assistance of explaining
the radial tilt adjustment according to the present
invention;

Fig. 13 is a flow chart showing the radial tilt
evaluating routine block #5 of Fig. 11 and blocks #15 and
#23 of Fig. 14.

Figs. 14 is a flow chart showing a main routine
of operation performed by'the optical disk apparatus of
Fig. 8 with the optical disk of Fig. 1C;

Fig. 15 is a graph showing a relationship between
the address and fhe_bptimum radial tilt adjusting position;

Fig. 16 is a graph schematically showing a second
example of signals recorded in the calibration data area of
Figs. 1A, 1B, and 1C;

Fig. 17 is a graph showing a sector construction
of the 11T signal of Fig. 16;

' Fig. 18 is a graph schematically showing a third
example of signals recorded in the calibration data area of
Figs. 1A, 1B, and 1C;

Fig. 19 is a graph showing an alternative of the
calibration data area of Fig. 3:- .

Fig. 20 is a graph schemaiically showing a first
example of signals recoxrded in the calibration data area of
Pig. 19;

Fig. 21 is a graph schematically showing a second
example of signals recorded in the calibration data area of
Fig. 19;

Fig. 22 is a graph schematically showing a third

example of signals recorded in the calibration data area of
Fig. 19;
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Pig. 23 is a graph showing other alternative of
the calibration data area of Fig. 3;

Fig. 24 is a graph schematically showing a first
example of signals recorded in the calibration data area of
Fig. 23;

' Fig. 25 is a graph schematically showing a second
example of signals recorded in the calibration data area of
Fig. 23;

Fig. 26 is a graph schematically showing a third
example of signals'recorded in the calibration data area of
Fig. 23;
' Fig. 27 is a graph showing further alternative of
the calibration data area of Fig. 3;

'Fig. 28 is a graph schematically showing a first
example of signals fecorded in the calibration data area of
Fig. 27; _

Fig. 29 is a graph schematically showing a second
example of signals recorded in the.calibration data area of
Fig. 27;

Fig. 30 is a graph schematically showing a third
example of signals recorded in the calibration data area of
Fig. 27;

Fig. 31 is a block diagram showing an optical
disk apparatus according to a second embodiment of the

present invention;
Fig. 32 is a graph schematically showing a
construction of a tangential tilt adjuster of Fig. 31;
Fig. 33 is a graph in assistance of explaining

the tangential tilt adjustment according to the present
invention;
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Fig. 34 is a block diagram showing an optical
disk apparatus according to a third embodiment of the
present invention;

Fig. 35 is a block diagram showing an optical
disk apparatus according to a fourth embodiment of the
present invention;

Fig. 36 is a graph showing a first example of the
calibration data area of an optical disk used for the
optical disk apparatus of Fig. 37; '

Fig. 37 is a block diagram showing an optical
disk apparatus according to a £fifth embodiment of the
present invention; |

Fig. 38 is a flow chart showing a radial tilt
adjusting operation by the optical disk apparatus of Fig.
37; | |

Fig. 39 is a graph showing a modified optical
disk according to the present invention;

Figs. 402 and 40B are graphs showing examples of

the calibration data areas of the optical disk of Fig. 39;

Fig. 41 is a block diagram showing an optical
disk apparatus according to a sixth embodiment of the
present invention; )

Fig. 42 is a flow chart showing a radial tilt
adjusting operation of the optical aisk apparatus of Fig.
41; |

Fig. 43 is a block diagram showing an optical
disk apparatus according to the eighth embodiment of the
present invention;

Fig. 44 is a graph in assistance of explaining
the radial tilt of the optical disk;
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Fig. 45 is a graph_in assistance of showing the
relationship between the radial tilt and the jittering
amount; and '

Fig. 46 is a block diagram showing a conventional
optical disk apparatus.

Best Mode For Carrying Out the Invention

Referring to Fig. 1A, one example of an optical
disk used in an optical disk apparatus according to the
present invention is shown schematically. The optical disk
1 has a data recording area 2 and a calibration data area 3
formed in a lead-in area thereof. In the calibration data
area 3, a predetermihed-calibration data is recorded.

Referring to fig. 1B, a specific example of the
optical disk 1 similar to that of Fig. 1A.is shown. In
this example, the optical disk 1 additionally has a dummy
data area Dd pfovided inside of the calibration data area
3, and a control data area Dc provided between the
calibration data area 3 and the recording area 2. These
areas D4, 3, and Dc are formed in a lead-in area of the
disk 1. | _

| The dummy data area D4 extends toward the center
of disk 1 to the position to which the optical pick up of
the optical disk apparatus can access. The dummy data area
DA is recorded with dummy data only for enabling the
optical pick up to access thereto so as to place the
optical pick-up in inner area than the calibration data
area 3.

The calibration data area 3 is recorded with a
calibration data recorded to-preferably, but not limited

to, more than one-fourth of a full circle thereof. The
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control data area Dc is recorded with various information
data relating to the optical disk 1 such as addresses of
the calibration data area 3.

Refetring to Fig. 2, calibration data track area
3, formed in an erasable or re~writable type of optical
disk for examﬁle, enclosed by a circle R in Fig. 1A are
shown. The calibration data track area 3 has at least one
calibration data track area 23; wherein the calibration
data is recorded. The calibration data track area 23
preferably comprises three recording tracks.

Each track has a plurality'éf piﬁs formed therein
for recording information, and is independent from the
neighboring tracks. The boundaries of these neighboring
tracks are indicated by imaginary 1ines?24 in Fig. 2 for
the sake of better recognition. The reéording track is
defined by a land portion'PL and a groove portion PG.

An upper line L1 shows a surface outline of the
optical disk wherein the information is recorded only in
the groove portions PG. In this case, the groove portions
PG are defined as the boundary lines 24. Wheh the
information is recbfded in the groove portions PG only (not
shown in Fig. 2), the land portions éﬁ are defined as the
boundary lines 24. _ '

A lower line L2 also shows a surface outline of
the optical disk wherein the information is recorded both
in the land and groove portions. In this case, each area
between neighboring leading and trailing edges corresponds

to each recording area that is a groove portion PG or a
land portion PL.
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‘Referring to Fig. 3, an example of calibration
date area 3 is shown on an enlarged scale. The data area 3
has three tracks 32, 33, and 34. In this embodiment, the
first, second, and third tracks 32, 33, and 34 are arranged
in order from the inside toward the outside of the optical
disk 1. On both sides of the calibration data track area
23, tracks 20 and 21 are provided, respectively. Each
track has a plurality.of pits 22 formed therein for
recording_information.-

| The boundary linés,-indicated by imaginary lines
24, may be actually defined by any suitable indicating
means such as grooves or images. Hereinafter, a pit and a
distance between neighboring two pits in a single track are
referred to as a "pit mark"™ and a "pit space”,
respectively. Furthermoré, the distance between
neighboring two tracks corresponding to a distance between
neighboring two boundary lines 24 is referred to as a
Ytrack width" in this specification. Note that, all tracks
32, 33, ﬁnd 34 have the same track width T1 as that of
recording tracks formed in the recording area 2 of the
optical disk 1, as best shown in Fig. 3.

Note that the "pit mark" in this specification
means a certain portion having a different characteristic
in light reflecting ability from the other portions of the
matrix of the.optical disk, and is used for recording
digital information. For example, in the compact disk
system, the pit mark is formed by engraving or rasing
corresponding portion of the matrix of the optical disk.
Furthermore, in a phase changing optical disk, the pit is

formed by non-crystallizing corresponding portion of the

- 12 -
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matrix so that the pit portion is different from the other

matrix in the crystallization construction. Also, in the

‘magneto optic disk, the pit is formed by chaining the

direction of lattice plane of the corresponding portion.
Thus, it is apparent that any suitable construction or
substance that has a different characteristic in light
reflecting ability from the other portions of the matrix.

Referring to Fig. 4, a first example showing
signals recorded in the calibration data track area 23 (3)
of Fig. 3 is shown. Note that no pit is indicated in this
figure for the sake of brevity. The first track 32 is
recorded with a random signal SR. The second track 33 is
recorded with a specific pattern signal SP. The third
track 34 is recorded with the random éiénal SR.

The random signals SR is produced according to a
(2,10) Run Lenght Limited Code, and including 3T signal S3T
to 11T signal S11T. Note that "T" represents a channel bit
length according to ISO/IEC 15963. |

_ This situation can be described as follows with

reference to the pit mark and pit space on the optical disk
1. The random signal SR is a combination of a plurality of
pit marks and pit spaces.. The pit marks have a
predetermined nunbker, nine for example, of different length
each corresponding to that of 3T signal 83T to 11T signal
S11T. The pit spaces have a predetermined, nine for
example, of different lengths each corresponding to that of
signals S3T to signal S11T. The first specific pit pattern
recorded in the second track 33 will be described later
with reference to Fig. 5A.

- 13 -
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An apparatus for recording these calibration
signals such as signals SR and SP to the calibration data
track area 23 will be described later. By utilizing such
calibration data'recording apparatus (Fig. 43), the vender‘
or user can prepare the optical disk recorded with the
calibration data before or after the shipment of the
optical disk to the user.

Note that the data recording area 2 of the
optical disk 1 is recorded with a sighal which is produced
a (2,10) Run Length Liﬁited.Code; heréinafter referred to
as a "2-10 modulation."” Any other modulation process other
than 2-10 modulation is applicable according to the present
invention. For example, a 3T signal S3T according to the
2-10 modulation process corresponds to a 2T signal
according to a (1,7) Run Length Limited Code, hereinafter
referred to as "1-7 modulation."® A 11T signal S1iT
according to the 2-10 meodulation process corresponds to an
8T signal S8T according to the 1-7 modulation. The 3T
éignal S3T and 11T signal S11T shall correspond to the
minimum run length and the maximum run length,
respectively, according to other modulation process.

Referring to Fig. 53, an example of the pit
pattern of the specific pattern signal SP is schematically
shown. The specific pattern signal SP is formed by
repeating a combination of first and second pit patterns
3207 and 3208. In other words, the first and second pit
patterns 3207 and 3208 are alternately recorded to the

aimed recording track, for example the second recording

—%trxack 33 of the calibration data area 23.
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The first pattern 3207 includes a minor pit mark
3202 and two major pit spaces 3201 and 3203 each arranged
on before and after the minor pit mark 3202 with respect to
the recording order. The minor pit mark 3202 is smaller
than a laser spot Ls indicated by a dot line in Fig. 52,
and may correspond to the minimum run length. The major
spaces 3201 and 3203 are greater than the laser spot Ls,
and may correspond to the maximum run length.

The second pit pattern 3208 includes a minor pit
space 3205 and two major pit marks 3204 and 3206
respectively arranged before and after Fhe ninor pit space
3205. The minor pit space 3205 is smaller than the laser
spot Ls, and may correspond to the minimum run length. The
major pit marks 3204 and 3206 are both greater than the
laser spot Ls, and may correspond to the maximum run
length.

Note that the diameter of laser spot Ls is
determined so that the laser spot Ls has a light strength
as 1/e2 times of a central strength, wherein "e" represents
the base of a natural logarithm. It is also possible to
add address and Error Correction Code (hereinafter referred
to as "ECC") to the specific pattern signal SP within a
single sector thereof.

Referring to Fig. 6, one example of the specific
pattern signal SP within a single sector is shown. The
address data and Error Correction Code are added to ends of
the specific pattern signal SP, respectively.

Referring to Fig. 7, a signal reproduced from the
data track 33 having pit patterns of Fig. 5a is

schematically shown. A solid line Wc represents a signal

- 15 -
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reproduced from the pit pattern 3207 of Fig. 52, wherein
the pit mark 3202 smaller than the laser spot Ls
sandwitched by pit spaces 3201 and 3203 each greater than
the laser spot Ls. An imaginary line Ws represents a
signal reprodhced from a pit mark 3202L greater than the
laser spot Ls. The pit mﬁrk 3202L is formed in a shape of
the pit mark 3202 but is elongated toward the pit space
3201 accordingly.

A horizontal center line Si1 is a slice line
dividing the amplitude of the reproduced signal. Since the
laser beam reflected from the track (33) changes according
to the area of pit, the reproduction signal from the pit
mark 3202L changes its amplitude greater than that from the
pit mark 3020 aoes. In this case, the pit mark 3202L
reduces the amplitude of the signal Wc reflected therefrom
more and rapidly than the pit mark 3202 does.

As a result, the reproduction signél Ws crosses
the slice line Sl earlier than the signal We by a jittering
amount Aj, as apparently shown in-Fig. 7. A distance
between these crossing points represents a jittering of
reproduced signal at which the present invention aims. For
forming these pit marks, any marking means distinguishable
from the matrix portion such as undulated surfaces (sunk or
rased from the matrix surface), magnetizing direction, and
crystallization state (crystallized or amorphous) can be
used.

In étead of the pattern shown in Fig. Sa, it is
possible to form the specific pattern signal SP so as to
compare the reproduction amplifier of a pit mark or a pit

space smaller than the laser spot with a pit mark or a pit

- 16 -
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space greater than the laser spot. Such pattern is
effective for the optimization of the signal processing
circuits such as the adjustment of the equalizer’s
coefficient, which will be described later. Note that the
calibration data area 23 only needs one track that is
recorded with the specific pattern signal SP for producing
the jittering in the signal reproduced therefrom.

Referring to Fig. 5B, a typical example of the
pit pattern of the specific patterh signal SP of Fig. 5A is
shown. The first pit pattern 3207 is formed such that the
first major pit space 3201, the mihor pit mark 3202, and
the second major pit space 3203 extend in the longitudinal
direction of the track by the lengths 6T, 3T, and 7T, .
respectively. In other words the majo; pit mark 3202 is
separated from the neighbofing pit marks by the intervals
6T and 7T, respectively, as best shown in Fig. 5B. The
first pit pattern 3208 has the length of 16T.

The second pit pattern 3208 is formed such that
the first major pit mark 3204, the minor pit space 3205,
and the second major pit mark 3206 extend in the
longitudinal direction of the track by the length 6T, 3T,
and 7T, respectively. In other wor&s, the two major pit
harks 3204 and 3206 are separately arranged with the
interval 3T which is the length of the minor pit space
3205. The second pit pattern 3208 has the length of 16T.

In this example, the recording track 33 for
example is recorded by the specific pattern signal sp
formed by the repeatedly arranged two pit patterns 3207 and
3208 each having the length 16T. However, it is apparent

from the descriptions with reference to Fig. 7 that the

- 17 -
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specific pattern signal SP that only répeating one of two
pit patterns 3207 and 3208 is enough for producing the
jittering in the reproduced signal. Needless to say that
the combination of the two pit patterns 3207 and 3208 is
effective to enhance the production of jittering.
First embodiment

Referring to Fig. 8, an optical disk apparatus
according to the first embodiment of the present invention
is shown. The optical disk apparatus P1 includes an
optical pickup unit 122 for.impinging a laser beam to an
optical disk 1 for recording the information thereto and
reproducing the information therefrom. For this purpose,
the optical pickup unit 122 includes a laser diode 123 for
impinging the laser beam,.optical instruments for focusing
the laser beam on a'recording track of the optical disk 1
and the reflected laser beam from the optical disk 1 on a
desirable position, and a pin photo diode 124 for receiving
the reflected laser beam to produce an electric signal
indicative of the condition of thus laser impinged
recording track.

A transporter 58 is provided for moving the
optical pickup unit 122 in the radial direction of the

optical disk 1 so as to scan the recording tracks formed

. thereon by impinging the laser beam thereto. Thus, the

optical pickup unit 122 and the transport 58 construct an
optical pickup system Os. The tréhspo:ter 58 is placed on
a tilting unit 60 which can tilt or incline in the radial
direction with respect to the optical disk 1.

Referring to Fig. 10, the tilting unit 60 is
shown. The tilting unit 60 has a base plate Pr for

- 18 -
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supporting the transporter 58 thereon and a fulcrum member
Fr. One end of base plate Pr is redoubtably connected the
fulcrum member Fr, as in a manner of cantilever, and
another end thereof is placed on one end of a vertical
reciprocating member Tr. The other end of the vertical
reciprocating member Tr is slidably connected to a radial
tilt adjuster 67.. In this example, the vertical
reciprocating member Tr is made by a screw which can be
turned by the radial £ilt adjuster 67, and is reciprocated
in the vertical direction indicated by an arrow Dz.

Every time when the base plate Pr is tilted by
the turn of the reciprocating member Tr, the jittering
amount of the signal reproduced from the calibration data
track area 23 by the optical pickup unit 122 is measured.
According to changes of the tilting angle of the base plate
Pr, the angle of optical axis Ax of the pickup unit 122
with respect to the recording surface of the disk 1 also
changes. As a result, the crosstalks from the first and
third tracks 32 and 34 neighboring to the second track 33
vary, and then the jittering of the signal reproduced from
these calibration data track 33 also varies. Note that the
position at which the jittering amount of the reproduced
signal shows its smallest value is the optimum position for
the radial tilt. _

Referring back to Fig. 8, a preamplifier 125 is
connected to the optical pickup unit 122 for increasing an
amplitude of signal from the pin photo diode 124, and
produces a reproduction signal. This reproduction signal
varies according to the lengths of pits- formed in the
recording track of the optical disk 1.

_19_
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An equalizer 126 is connected to the preamplifier
125 for receiving-the reproduction signal and reduces the
wave interference of the reproduction signal. A
binarization circuit 127 is connected to the egualizer 126
for converting the reproduction signal into a digitalized
reproduction signal Sd. It is to be noted that the
digitalized reproduction signal Sd is subject to the
crosstalk, insufficient amplitude, noise, wave form
interference, and jittering,_as described in the above.

A phase locked 106p unit (PLL) 129 is connected
to the binarization circuit 127 for receiving the digitized
reproduction signal Sd therefrom, and produées a
synchronization signal §510. The generation of the
synchronization signal S510 will be described later with
reference to Fig. 9.

A sampling circuit 1210 is connected to the
binarization circuit 127 and the phase looked loocp unit 129
for receiving the digitized'reproduction signal Sd and the
synchronization signal S510, respectively, therefrom.

Then, the sampling circuit 1210 samples the digitized

reproduction signal Sd with respect to the synchronization

‘signal S510 to produce a channel data S511.

A decoder 1211 is connected to the sampling
circuit 1210 for receiving the channel data S511 therefrom,

and decodes it by applying the error correction to

reproduce an original signal Srp. Thus decoded signal Srp

is further transferred to the next stage of operation.
A jittering amount measurer 41 is connected to
the binarization circuit 127 and the phase locked loop unit

129 for receiving the signals Sd and S510 therefrom,

- 20 -
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respectively. Based on these two signals Sd and S510, the
jittering amount measurer 41 measures the jittering amount
of the signal reproduced from the calibration data track
area 23, and produces a jittering signal Sj.

Referring to Fig. 9, the details of the phase
locked loop unit 129 and the jittering amount measurer 41
are described. The phase loop lock unit 129 includes a
first phase comparator 131, a low-pass filter 132, a
voltage controlled oscillator  (VCO) 133, a frequency
divider 134, a gate circuit 135, and a D-type flip-flop
circuit 138 connected to each other, as best shown in Fig.
9. The jittering amount measurer 41 includes a second
phase comparator 53, a high-pass filter 51, a detector 54,
and an A/D converter 52 connected to eaéh other, as shown
in Fig. 9. The first phase comparator 131 is connected to
the binarization circuit 127 for receiving the digital
reproduction signal S8d therefrom, and is further connected
to the gate circuit 135 for receiving a signal S1421
thexrefrom. The second phase comparator 53 is connected to
the binarization circuit 127 and the D-type flip-flop
circuit 138 for receiving the signals Sd and S510,
respectively, therefrom.

In operation, the first phase comparator 131
dstects a phase difference between the reproduction signal
Sd and a signal S141 from the gate circuit 135 to produce a
first phase difference signal 5139 indicative of phase
difference and frequency difference between those signals
Sd and S141. The low-pass filter 132 extracts only the low
frequency components from the difference signal S139 to

produce a VCO control signal having a voltage for
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controlling the VCO 133. Based on this VCO control signal,
the VCO 133 produées a clock signal S137. The frequency
divider 134 divides the clock signal $137 into a
§redetermined frequency. The gate circuit 135 passes the
signal output from the frequency divider 134 based on the
reproduction signal Sd input thereto.

In other words, only when the reproduction signal
§d is present, the frequency divided signal 5141 is
transferred to the phase comparator 131 and the D-type.
flip-flop circuit 138 as the'signal S5139. At this time,
the VCO 133 operates such thaf two input signals Sd and
S141 (S139) have the same phase. As a result, the
synchronization signal S$510 synchronized with the basic
period of the digitized reproduction signal sd is obtained.

The second phase comparator 53 detects the phase
difference between those signals sS4 and $510, and then
produces a second phase difference signal S140 indicative
of thus detected phase difference. .

The high-pass filter 51 extracts the high
frequency components from the second phase difference
signals S140 and transfers it to the detector 54.

The detector 54 detects this high frequency
components and produces a signal S53. The greater the
jitter of reproduction signal Sd would be, the greater the
signal S53 becomes. The A/D convertor 52 digitalize this
signal S53 to produce the jitter signal Sj indicative of
(corresponding to) the current amount of radial tilt ér.

Referring back to Fig. 8, a radial tilt evaluator
50 including first and second memory storage 51 and 52 is

connected to the jittering amount measurer 41 for receiving
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the jittering signal Sj to detect the amount of radial tilt
0r. The radial tilt evaluator 50 produces a radial tilt
adjuster control signal Stl for controlling the radial tilt
adjuster 67 so as to tilt the tilting unit 60 by a

. predetermined tilting pitch. The evaluator 50 is connected

to the radial tilt adjuster 67 by a line Lrl for
transferring the signal Stl therethrough.

A radial tilt controller 54 having a third memory
storage 55 is connected to the radial tilt evaluator 50 by
lines Lr2 and Lr3. The controller 54 is further connected
to the radial tilt adjuster 67 by‘a line Lr4, and the
transporter 58 by lines Lr5 and Lré. h

When the radial tilt calibration operation
starts, the radial tilt controller 54 nroduces and
transfers a start command signal Sc to the radial tiit
evaluator 50 throuéh the line Lxr2. On receipt of the
signal Sc, the radial tilt evaluator S50 produces the radial
tilt adjuster control signal Stl. Then, the optical pickup
system Os starts to scan the calibration data area and
reproduces the signal Sj in a manner described above. The
radial tilt evaluator 50 detects the current jitter amount
at the current titling angle based on the signals S8j and
Stl. Thus, detected address and the jitter amount are
stored in the memory storages 51 and 52, respectively, and
are renewed every time when the tilting unit 60 changes the
tilting angle by the current signals Sj and sta.

Based on thus renewed data, the radial tilt
evaluator 50 determines an optlmum tilting angle at which
the radial tilt 6r is the smallest, and produces an optimum-

tilting angle signal séfa. This signal Sfa is transferred

- 23 -



10

15

20

25

30

WO 97/26651 ' PCT/IP96/00048

to the radial tilt controller 54 through the line Lr3, and
is stored in the memory storage 55.

The radial tilt controller 54 produces a radial
tilt compensation signal.stz based on the signal sfa
indicative of the Qifference between the current tilting
angle and the determined optimum angle. This radial tilt
compensation signal St2 will be transferred to the radial
tilt adjuster 67 through the line Lr4, so that the radial
tilt adjuster 67 drives the tilting unit 60 to set the
optical pickup system Os at.the optimum radial tilt
position. _

The controller 54 further produces a transporter
driving signal sml for driving the transporter 58 to move
the optical pickup system Os to scan the optical disk for
recording or reproducing the signal. The transporter 58
produces an address signal Sm2 indicative of the current
position of thé system Os with respect to the optical disk
1, and feeds it back to the controller 54 through the line
Lré.

With reference to Fig. 11, the radial tilt
adjusting opération by the optical disk apparatus P1 of
Fig. B8 with the opticalhdisk 1 of Fig. 1A is described
bellow. Each of blocks in the flow chart shows the routine
block.

At block #1, when the operation starts, the
controller 54 controls the transporter 58 to move an
optical head of the optical pickup unit 122 toward the
lead-in area of the disk 1. The optical pickup 122 reads
the lead-in area first to know the address of the

calibration data track area 23. Based on this address
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data, the radial tilt controller 54 further controls the
transporter 58 to move the optical head (optical pickup
unit 122) to the position below the calibration data track
area 23 of the disk 1. The optical pickup unit 122
reproduces the calibration data from the data track area
23. In this example, the calibration data track area 23 is
provided in an inner circumference, but is not limited to
thereto. Any suitable position in the disk 1 can be used
for the calibration data track area 23. Then, the
procedure advances to the next block #3.

At block #3, the radial tilt controller 54
produces and transfers the start command signal Sc to the
radial tilt evaluator 50 to start the radial tilt
evaluating operation. Then, the procehure advances to the
next block #5.

‘At block #5, the radial tilt evaluatiné operation
by the radial tilt evaluator 50 is performed to obtain the
optimum radial tilt fr. The operation of this block will
be detailedly described later with reference to Fig. 13.
Thereafter, the procedure advances to the next block #7.

At block #7, the radial ti;t controller 54 stores
the optimum tilting angle signal S@a obtained at the block
#5 in the third memory storage 3. Then, the radial tilt
controller 54 further drives the radial tilt adjuster 67 to
set the base plate Pr of tilting unit 60 at the optimum
position according to the optimum tilting angle signal sé.
Thereafter, the optical head of optical pickup unit 122
moves on the base plate Pr of the tilting unit 60 with the
optimum radial tilt #r in the radial direction Dr for

recording and reproducing operation.
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It is to be noted that the radial tilt adjusting
operation by the apparatus P1 with the optical disk 1 of
Fig. 1B is substantially the same as these described above
with reference to Fig. 11 except the operation at the block
#1 as follows. At block #1, the optical pickup 122 reads
the control data area Dc of the lead-in area first to know
the address of the calibration data track 23. Based on thus
read address data, the optical pickup unit 122 is moves in
to the dummy daté area Dd for securing that the optical
head can access to the full area of calibration data area
3.

Referring to Fig. 12, the relationship between
the base plate Pr of the tilting unit 60 and the radial
tilt of the optical disk 1 is shown schematically. When
the optical disk 1 has no radial tilt as indicated by solid
lines, the base plate Pr is set parallel to the surface of
the optical disk 1 so as to impinge the laser beam Lb,
along the bptical axis, on the disk 1 with a right angle.
However, when the optical disk 1 has a radial tilt fr as
indicated by broken lines, the optical disk surface
inclines by the radial tilt angle with respect to the
optical axis Ax. For compensating this inclination angle
0r, a screw motor Ms of the radial tilt adjuster .67 pulls
down the free end of the base plate Pr to incline thereof
by the predetermined angle according to the radial tilt
angle fr.

Referring to Fig. 13, the operation of radial
tilt calibrating block #5 of Fig. 11 is shown.

At step S100, on receipt of the start command
signal Sc from the radial tilt controller 54, the radial
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tilt evaluator 50 drives the radial tilt adjuster 67 fo set
to the initial position. The initial position is such a
position at which the base plate Pr of the tilting unit 60
crosses the rotating axis of the disk motor Md with
substantially a right angle. In other words, the free of
the base 60 is preferably set at a center position between
top and bottom dead positions thereof. The top and bottom
dead positions are determined in consideration of Fig. 45,
so that the base 60 cén incline within the maximum radial
tilting angle range (preferably, +0.5° to -0.5°). Then,
the procedure advances to the next step s102.

At step S102, the radial tilt evaluator 50
detects the jitter amount corresponding to the current
tilting angle fa based on the jittefiﬁgﬁsignal Sj. Then,
the current values indicating the tilting angle fa and the
jittering amount Sj are stored in the address "0" of second
memory storage 52 and first memory storage 51,
respectively. Hereinafter, these tilting angle and
jittering amount with respect to the address of each memory
storage are expressed with the suffix of "address number"
after each reference.symbol, such as fa0 and Sj0, for the
sake of recognition. Then, the procédure advances to the
next step S104.

At step S104, the radial tilt evaluator 40 drives
the radial tilt adjuster 67 to move downward (or clockwise)
by a predetermined amount At so as to incline the base 60
downward by an angle fa. This amount At is determined
according to the resolution thereof, and is preferably 0.1
degree in consideration of Fig. 45. This is because that

the optical disk 1 is apt to hang down its circumference
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when it is set in the disk motor Mb, as previously
described with reference to Fig. 44. Therefore, by turning
down the base 60, it can be expected that the radial tilt
6r will be improved. Hereinafter, the downward direction
is expressed with a prefix of "-" before the moving amount,
such as =At, and the upward (or anti~clockwise) direction
with a prefix of "+", such as +At. Then, the procedure
advances to the next step S106.

At step S106, the radial tilt evaluator 50
detects the current jitter amount corresponding to the
current radial tilt when the base 60 is rotated clockwise
(Fig. 44) by the resolution angle -At. Then, thus detected
current jittering amount Sjl1 and the tilting fal are stored
in the address "1" of first memory étorage 51 and second
memory storage 52, respectively. It is to be noted that
the jittering amount S8j will be detected every time when
the base 60'is moved up or down by the resolution angle At.
Therefore, the interval between moving the base 60 by At is
defined as a radial tilt evaluation cycle hereafter. Then,
the procedure advances to the ﬁext step S108.

At step S108, it is judged whether the jittering
amount Sjl1 of the current evaluation cycle is equal to or
smaller than that Sj0 of previous evaluation cycle, or not.
When the radial tilt is improved, the jittering amount Sj
becomes smaller, and it is judged "YES."™ Then the
procedure advances to step S110.

At step 5110, the jittering amount Sj0 and
tilting angle fa0 stored in the memory storages 1 and 2,
respectively, at the previous evaluation cycle are replaced

with the current jitter values Sjl and tilting angle fa1,
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respectively. Then, the procedure returns to step S104.
Note that the operation of steps 5110, S104, S106, and S108
is repeated until when it is judged "NO" at step S108.
Thus, the optimum position at which the jittering amount Sj
is the smallest, meaning that the radial tilt is also the
minimum, is searched for, with respect to the clockwise
direction.

However, when it is judged "NO" at step S108, it
is meant that the radial tilt becomes worse than the
previous cycle by tilting the base 60 downward. Therefore,
the operation to tilt down the base 60 is quitted, and then
the procedure advance to the next step S11i2.

At step S112, the radial tilt_evaluator 50 drives
the radial tilt adjuster 67 to move upéﬁfd by the minimum
resolution amouht +At so as to detect the optimum position
in this direction. Then, the procedure advances to the
next step S114. |

At step S114, the current jittering amount Sji
and the tilting #al are stored in the address "1" of firsﬁ

memory storage 51 and second memory storage 52,

respectively, in a manner similar to that of step S10s.

Then, the pProcedure advances to the next step S116.

At step S116, it is judged whether the jittering
amount Sjl of the current evaluation cycle is equal to or
smaller than that Sj0 of previous evaluation cycle, or not.
When it is judged “"YES", it is meant that the radial tilt
is improved, and the procedure advances to step S118.

At step S118, the jittering amount Sj0 and
tilting angle 6#a0 stored in the memory storages 51 and 52,

respectively, are replaced with the current values Sj1 and
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tilting angle fal, respectively, in a manner similar to
that at step S110. Then, the procedure returns to step
§112. Note that the operation of steps s118, 5112, S114,
and S116 is repeated until when it is judged "NO" at step
5116, as the same as in step S108. And, the optimum
position for reducing the radial till most is searched for,
with respect to the anti-clockwise direction.

When it is judged "NO™ at step S116, it is meant
that the tilting angle at the previous evaluation cycle is
the optimum position.for reducing the radial tilt most as
the result of searching both in the clockwise and anti-
clockwise directions. Then the procedure advances to step
s120. ) o o

At step 8120, the tilting angle #a0 currently
stored in the memory storage 2 is transferred to the radial
tilt controller $4 as the optimum tilting angle signal Sfa.
Then, the procedure terminates.

Referring to Fig. 1C, another example of the
optical disk shoﬁn in Fig. 1A is shown. In this example,
the optical disk 1 has further one calibration data
recording axea ‘4 in addition to the calibration data area 3

e i

of Fig. 1K; :Although ‘these two areas 3 and 4 are
separately formed in the inner circumference and the outer
circumference in Fig. 1C, these two ares 3 and 4 can be
formed in other places in the disk 1, as described above.
Referring to Fig. 14, the radial tilt adjuring
operation by the optical disk apparatus of Fig. 8 with this
optical disk 1 of Fig. 1C is shown. Principally the

. operations of Fig. 14 is the same as-those of Fig. 11
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expect the operations relating to the second recording area
4 as follows.

For example, the blocks #1l1l, #13, and #15
correspond to the blocks #1, #3, and #5, respectively.

However, at block #17, the radial tilt controller
54 stores the optimum tilting angle signal S8a obtained at
the block #5 as a first optimum tilting angle signal S1 in
the memory storage 55.

The blocks #19, #21, #23, and #25 relate to the
second radial tilt evaluation operations with respect to
the second data area 4. Thus, the blocks #19, #21, and #23
correspond to the blocks #11, #13, and #15, respectively.
Then, at block #25, the optimum tilting angle signal Séa
obtained at the block #23 is stored as a second optimum
tilting angle signal S2 in the third memory storage 55 of
the controllexr 54.

At block #27, the radial tilt controller 54
interpolates the optimum titling angles;between the inner
circumference area (3) and the outer circumference area
(4). Then, the controller 54 controls the radial tilt
adjuster 67 to set the optical pickup unit Os (122 and 58)
at each of thus interpolated tilting angle according to the
position of pickup 122 with respect to the radial
direction. .

Referring to Fig. 15, the concept of tilting
angle interpolation by the block #27 is schematically
shown. In general, the optimum tilting angle s#§ |
(corresponding to the radial tilt) shows its minimum (S1)
_at the inner circumference (L3), increases gradually

outward, and shows its maximum (S2) at the outer
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circumference (L4). Based on this facts, an optimum
tilting angle (Sx) at any position (x) between the inner
and outer circumferences of the disk 1 can be determined by
an arithmetical interpolating method.

In Fig. 15, the vertical axis represents the
optimal tilting angle (#) for minimizing the radial tilt,
and the horizontal axis represents the address of optical
pickup (head) with respect to the scanning direction Dr.
Now, the first and optimum angle S1 and S2 are detected
with reépect to the first and second calibration data areas
3 and 4, respectively, and are plotted at the address 3 and
4. These two plotted points can be connected by a line
7301 which can be defined as a function of address and the
tilting angle. By determining function-factors of the
line, it is possible to simulate the actual radial tilt at
the recording area 2 between the first and second data area
3 and 4. The function factors of this simulétion line 7301
can be theoretically or experimentally détermined.

Furthermore, thus determined function factors of
the simulation line 7301 can be recorded in a suitable area
of the optical disk 1. The optical disk apparatus
according to the present invention can promptly and easily
calibrates the radial tilt dynamically even when the
optical disk set therein is replaced with other disk.

Furthermore, by calculating the radial tilt of
the optical disk 1 based on the calibration data track area
23 formed in that optical disk 1, the recorded signal is
reproduced from the aimed recording tracks with reduced

crosstalk from the neighboring tracks adjacent to the aimed
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track. Therefore, the reliability of the reproduction
operation is further improved.

still furthermore,'since the optimum tilting
angle fa is stored in the third memory 55 of the radial
tilt controller 54 as the optimum tilting angle signal Sfa,
it is possible to compare the radial tilt amount of the
optical disk apparatus with respect to the optical disks
set in the past time, before the delivery to the end user
for example, enabling the function check of the optical
disk apparatus itself.

The radial tilt calibration according to the
present invention can be performed at an§ time when the
radial tilt calibration is required. For example, the
optical disk may changes its pose or position with respect
to the optical pickup or optical head when much vibrations
are applied thereto.

The equalizer 126 can be removed from the optical
disk apparatus of Fig. 8, when the equalizer 126 reduces
the jittering of the reproduced signal too much to detect
the jittering amount. In this case the output from the
preamplifier 125 is directly input to the binarization
circuit 127. . |

As the jitter amount measurer 41, any other means
which can detect the jittering amount of the reproduced
signal Sd can be used. It is also possible that the radial
tilt shows different value at the inner and outer
circumferences of the optical disk when the optical disk is
subject to the dimensional errors over the allowable range.
Such error may be caused by unevenness of reflection layer,

deformation thereof, and improper forming process, for
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example. In this case, it is'preferable to compensate the
radial tilt with respect to the entire recording area of
the optical disk by adjusting the tilting angle of optical
pickup Os (122 and 58). For this purpose, according to the
present invention, the optical disk having two calibration
data areas formed in the inner and outer circumferences,
respectively, is provided, as described above with
reference to Fig. 1C.

Referring'to Fig. 16, a second example of the
calibration data track area 23 of Fig. 4 is shown. In this
example, the first and second tracks are both recorded with

the 11T signal S11T. The second track 33 is recorded with
the random signal SR. N _ﬁ;
~ The random signal SR is produced according to the
2-10 modulation, including 3T signal S3T to 11T signal
S11T. This situation can be described as follows with
reference to the pit mark and pit space on the optical disk
l. The random signal SR is combination of a plurality of
pit marks and pit spaces. The pit marks have a
predetermined number, nine for example, of different length
each corresponding to that of 3T signal S3T to 11T signal
S11T. The pit spaces have a predetermined, nine for
example, of different lengths each corresponding to that of
signals S3T to signal S11T.

The first and third track 32 and 34 are recorded
only with 11T signal S11T which is a consecutive pattern
made by a combination of a pit mark having a length ,
corresponding to the 11T signal S11T and a pit space having
a length- corresponding to the 11T signal S11T. It is also

possible to add address and ECC to the 11T signal within a
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single sector thereof, provided that the enough amount of
11T signal components are included therein.

. Referring to Fig. 17, one example of the 11T
signal S11T within a single sector is shown. The address
data and Error Correction Code are added to ends of the 11T
signal S11T, respectively.

Referring to Fig. 18, a third example of the
calibration data track area 23, similar to that of Fig. 15,
is shown. 1In this example, the second track 33 is recorded
with the specific pattern signal SP. The specific pattern
signal SP is constructed as previously described with
reference to Figs. 5A and 5B.

Referring to Fig. 19, an altgrnative of
calibration data track areé'23 of Fig: 3 is shown.

Although all tracks 32, 33, and 34 has the same track width
Tl in the data area of Fig. 3, the second track 33 has a
track width T2 narrower than the width T1 of other tracks
32 and 34 in this example.

Referring to Fig. 20, a first example of the
calibration data track area 23 of Fig. 19 is shown. The
first and third tracks 32 and 34 are recorded with the .
random signal SR. The second track 33 is recorded with the
specific pattern signal sp.

In this example, since the second track 33 has a
narrow track width other than the other tracks 32 and 34,
the crosstalk to the second track 33 from the neighboring
tracks 32 and 34 is greater than the case of Fig. 4.
Therefore, the jittering amount caused by the radial tilt
is also greater, enabling a further accurate detection of

radial tilt. In addition to this, since the calibration
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data track area 23 occupies a narrower space, more space
can be used for recording the information.

Referring to Fig. 21, a second example of the
calibration data track area 23 of Fig. 19, similar to that
of Fig. 16, is shown. 1In this example, the first and thirg
tracks 32 and 34 are recorded with the 11T signal S11T, and
the second track 53 is recorded with the random signal SR.

Referring to Fig. 22, a third example of the
calibration data area of Fig. 19, similar to that of Fig.
18, is shown. In this exaﬁple, the first and third tracks
32 and 34 are recorded with the 11T signals S11T, and the
second track 33 is recorded with the specific pattern
signal sP. o .

Referring to Fig. 53, other aiternative of
calibration data track area 23 of Fig. 3, similar to that
of Fig. 19, is shown. Although the second track 33 has a
track width T2 narrower than the width T1 of other tracks
32 and 34 in Fig. 19, the first and third tracks 32 and 34
has the same width T3 narrower than the width T1 of the
second track 33 in this example.

Referring to Fig. 24, a first example of the data
track area 23 of Fig. 17, similar to that of Fig. 20, is
shown. The first and third tracks 32 and 34 are recorded
with the random signal SR, and the second track 33 is
recorded with the specific pattern signal sp.

In this example, since the first and third tracks
32 and 34 have the narrower track width T3 other than the

second track 33, the crosstalk to the second track 33 from

- the neighboring tracks 32 and 34 is greater than thé case

of Fig. 4. Therefore, the jittering amount caused by the
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radial tilt is also greater, enabling a further accurate
detection of radial tilt. In addition to this, since the
calibration data track area 23 occupies a narrower space,
more space can be used for recording the information.

Referring to Fig. 25, a second example of the
data track area 23 of Fig. 17, similar to that of Fig. 21,
is shown. The first and third tracks 32 and 34 are
recorded with the 1iT signal S11T, and the second track 33
is recorded with the random signal SR.

Referring to Fig. 26, a third example of the data
track area 23 of Fig. 23, similar to th;t of Fig. 22, is
shown. The first and third tracks 32 and 34 are recorded
with the 11T signal S11T, and the secoﬁd track 33 is
recorded with the épeeific pattern.siénal SP.

Referring to Fig. 27, still other alternative of
calibration data track area 23 of Fig. 3, similar to that
of Fig. 3, is shown. ' Although all the tracks 32, 33, and
34 have the same track width T4 narrower than the track
width T1 in the recording area 2 of the optical disk 1.

Referring to Fig. 28, a first example of the data
track area 23 of Fig. 27, similar to that of Fig. 20, is
shown. The first and third tracks 32 and 34 are recorded
with the random signal SR, and the second track 33 is
recorded with the specific pattern signal SP.

In this éxample, all calibration data tracks 32,
33, and 34 have the track width T4 narrower than that of
recording tracks formed in the recording area 2 of the
optical disk 1. Therefore, the crosstalk to the second
track 33 from the neighboring tracks 32 and 34 is greater

than the case of Fig. 4. Therefore, the jittering amount
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caused by the radial tilt is also greater, enabling a
further accurate detection of radial tilt. In addition to
this, since the calibration data track area 23 occupies a
narrower space, more space can be used for recording the
information.

Referring to Fig. 29, a second example of the
data track area 23 of Fig. 27, similar to that of Fig. 21,
is shown. The first and third tracks 32 and 34 are
recorded with the 11T signal S11T, and the second track 33
is recorded with the random signal SR.

Referring to Fig. 30, a third example of the data
track area 23 of Fig. 27, similar to that of Fig. 22, is
shown. The first and third tracks ;2.§P§ 34 are recorded
with the 11T siénai S11T, and the secéndatrack 33 is
recorded with the specific pattern signal SP.

co odj

Referring to Fig. 31, an optical disk apparatus
according to the second embodiment of the.present invention
is shown. The optical disk apparatus P2 has a construction
very similar to that of Fig..a, vherein the radial tilt
evaluator 50, radial tilt controller 54, and radial tilt
adjuster 67 are replaced by a tangential tilt evaluator 70,
a tangential tilt controller 74, and a tangential tilt
adjuster 82, respectively.

The tangential tilt evaluator 70 and tangential
tilt controller 74 are constructed in substantially the
same structure as those of the radial tilt evaluator 50 and
radial tilt controller 54, respectively, as best shown in

Fig. 31. fThe tangential tilt adjuster 73 is also
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constructed in a construction similar to that of the radial
tilting adjuster 60 of Fig. 10 except the tilting unit 73.

Referring to Fig. 32, the tilting unit 73 is
shown. The tilting unit 73 has a base plate Pt for
supporting the transpbrter 58 thereon and a fulcrum member
Ft. One end of base plate Pt is redoubtably connected the
fulcrum member Fr, as in a manner of cantilever, and
another end is placed on one end of a vertical
reciprocating member Tt. The other end of the vertical
reciprocating member Tt is slidably connected toc a radial
tilt adjuster 82. 1In this example, the vertical
reciprocating member Tt is made by a screw which can be
turned by the radial tilt adjuster 82, #nd is reciprocated
in the vertical direction indicated bylén arrow Dz.

According to the reciprocation of the screw
member Tt, the base plate Pt including the transporter S8
and the optical pickub 122 pivotally rotates in an arrow
direction Dr with respect to the fulcrum member Ft. In
other words, the radial tilt of the optical pickup system
Os can be determined by the tangential tilt adjuster 82.
It is to be noted that the base plates Pr and Pr of radial
and tangential tilting units 60 and 73 can be formed in a
single unit having two fulcrum Fr and Ft.

Acéording to this embodiment, the position where
the jittering amount is the smallest corresponds to the
optimum tilting angle at which the tangential tilt is the
smallest. Based on this facts, the tangential tilt can be
compensated by adjusting the titling angle of the optical
pickup unit Os. Sine the opefations by this embodiment—are

basically similar to those described with reference to
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Figs. 11, 13, and 14 with respect to the optical disks 1 of
Figs. 1A, 1B, and 1€, the further description is omitted
for the sake of brevity.

Referring to Fig. 33, the relationship between

- the base plate Pt of the tilting unit 73 and the tangential

tilt of the optical disk 1 is shown schematically. When
the optical disk 1 has no tangential tilt, the base plate
Pt is set parallel to the surface of the optical disk 1 so
as to impinge the laser beam Lb, along the optical axis, on
the disk 1 with a right angle. However, when the optical
disk 1 has a tangential tilt 0t as inclined in any of the
arrow directions, the optical disk surface inclines by the
tangential tilt angle with respect to ;hefoptical axis Ax.
For compensating this inclination anéié ft, a screw motor
Mt bf the tangential tilt adjuster 73 actuates the free end
of the base plate Pt in the corresponding direction by the

predetermined angle according to the tangential tilt angle
ft.

Third embo

Referring to Fig. 34, an optical disk apparatus
according to the third embodiment of the present invention
is shown. The optical disk apparatus P3 has a construction
very similar to that of Fig. 8, wherein the radial tilt
evaluator 50, radial tilt controller 54, and radial tilt
adjuster 67 including titling unit 60 are replaced by a
focus position evaluator 90, a focus controller 94, a focus
servo circuit 100, and a focus position adjuster 110
connected to the focus servo circuit 100 by a line Lr7,
respectively. Note that tilt adjuster 67 including tilting
unit 60 and the tangential adjuster 82 including tilting
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unit 73 can be used together in this embodiment, but are
omitted for the sake of brevity.

The focus position evaluator 90 and focus
controller 94 are constructed in substantially the same
structures as those of the radial tilt evaluator 50 and
radial tilt controller 54, respectively, as best shown in
Fig. 34. The focus position evaluator 90 produces a focus
servo circuit control signal Sfs instead of the radial tilt
adjuster control signal Stl (by the radial tilt evaluator
50) for controlling the focus servo circuit 100.

According to this embodiment, the position where
the jittering amdunt is the smallest corresponds to the
optimum focus position at which the focus error signal
should be the smallest. Based on lhisxficts, the focus
servo circuit 100 produces a focus compensation signal Sf
indicative of that the current position is the optimum
position whereat the focus error signal should be zero or
the smallest. This focus compensation signal Sf is
transferred to the focus position adjuster 110 through the
line Lr7, so that the focus position adjuster 97 adjusts
the optical pickup to compensate the focus error signal
detected at the current position is zéro or the smallest.
Thus, the focus error depending on the electrical
propensity of the circuit can be compensated.

Since the focus position can be compensated by

adjusting the titling angle of the optical pickup unit oOs,

as described in the above, the operations by this
embodiment are also basically similar to those described

with reference to Figs. 11, 13, and 14.

Fourth embodiment

...41-.
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Referring to Fig. 35, an optical disk apparatus
according to the fourth embodiment of the present invention
is shown. The optical disk apparatus P4 has a construction
very similar to that of Fig. 34, wherein the focus position
evaluator 90, focus controller 94, focus servo circuit 100,
and focus position adjuster 110 are replaced by a tracking
position evaluator 120, a tracking controller 124, a
tracking servo circuit 120, and a tracking position
adjuster 140, respectively. '

The tracking position evaluator 120, tracking
controller 124, tracking servo ci:cuit 130, and the
tracking position adjuster 140 afé'constructed in the
structures very similar to those of the focus position
evaluator 90, focus bontroller.94, focué servo circuit 100,
and focus position adjuster 110, respectively. The
tracking position evaluator 120 produces a tracking servo

circuit control signal Sts instead of the radial tilt

" adjuster control signal Stl for controlling the tracking

servo circuit 130.

‘According to this embodiment, the position where
the jittering amount is the smallest corresponds to the
optimum tracking position at which the tracking error
signal should be zero or the smallest. Based on this
facts, the tracking servo circuit 130 produces a tracking
compensation signal Str indicative of that the current
position is the optimum position for tracking. This
tracking compensation signal Sts is transferred to the
tracking position adjuster 140 through the line Lr7, so
that the tracking position adjuster 140 adjusts the optical
pickup Os (122 and 58) to compensate the tracking error
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signal detected at the current position is zero or the
smallest. Thus, the tracking error depending on the
electrical propensity of the circuit can be compensated.

Since fhe tracking position can be compensated by
adjusting the titling angle of the optical pickup unit Os,
as described in the above, the operations by this
embodiment are also basically similar to those described
with reference to Figs. 11, 13, and 14.

Fifth embodiment

Referring to Fig. 36, other alternative of
calibration data track area 23 of Fig. 3 is shown. Note
that the first, second, and third calibration data tracks
32, 33, and 34 in Fig. 3 correspond to_fhe tracks 3702,
3701, and 3703 in Fig. 30, fespectivéiy; Furthermore, a
track pitch Tp, instead of the track width T1 in Fig. 3, is
defined as a distance between centers-of neighboring two
tracks. The center of each track is indicated by an
alternate long and short dash line. Also in this
embodiment, the first, second, and third tracks 3702, 3701,
and 3702 are arranged in order from the inside toward the
outside of the optical disk 1. _

In this example, the second track 3701 is not
recorded any pit mark. The first track 3702 is recorded
with a first periodical signal represented by a third pit
pattern 3704. The third pit pattern 3704 is recorded to
the track 3702 by repeatedly forming a pair of pit mark and
pit space therein at a 227w period, wherein "Tw" is a
window width. The third track 3703 is recorded with a
second periodical signal represented by a fourth pit

pattern 3705. The fourth pit pattern 3705 is recorded to
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the track 3703 by repeatedly forming a pair of pit mark and
pit space therein at a 20Tw period. _

In other words, the first calibration data track
3702 15 recorded with a pit pattern having a pair of pit
mark and pit space repeated at a period of ti=1/22Tw. The
third calibration data track 3703 is recorded with a pit
pattern having a pair of pit mark and pit space repeated at
a period of t2=1/20Tw. Note that t2mt1, t2#n-.t1, and
t2#t1l/m, wherein "n" and "m" are positive integers.

For forming these pit marks, any marking means
distinguishable from the matrix portion such as undulated
surfaces (sunk or rased from the matrix surface),
magnetizing direction, and crystallization state
({crystallized or amorphous)'éan be used. It is also
possible to repeatedly add the track address information to
these signals, and hereinafter this embodiment is described
with reference to the case with such repeatedly added track
address information. Note that according to this
embodiment, the optical disks having a single and two of
calibration data track areas 23, as best shown in Figs. 1A
1B, and 1cC, respect;vely, are used.

Referring to Fig. 37, an opt1ca1 disk apparatus
according to the fifth embodiment of the present invention
is shown. The optical disk apparatus P5 includes an
optical pickup unit 3801 for impinging a laser beam to an
optical disk 3800 for recording the information theretoc and
reproducing the information therefrom. A radial tilt
adjusting unit 3809, corresponding to the radial tilt
adjuster 67 and the tilting unit-60-of Fig. 8, is provided
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for adjustiﬁg the tilting position of the optical pickup
unit 3801.

A radial tilt controller 3811 is connected to the
radial tilt adjusting unit 3809 for transferring the radial
tilt adjuster control signal Stl thereto.

A radial tilt calibrator 3808 is connected to the
radial tilt controller 3811 for receiving the start command
signal Sc therefrom, and is further connected to the radial
tilt adjusting unit 3809 for transferring the radial tilt
compensation signal St2 thereto.

A preamplifier 3802 is connected to the optical
pickup unit 3801 for increasing the amplitude of the signal
reproduced from the optical disk 3800, and produces a
reproduction sighal. This éépréductiog.signal varies
according to the lengths of pits formed in the recording
track of the optical disk 3800.

A first band filter 3803 having a frequency of fi
is connected to the preamplifier 3802 for receiving the
reproduction signal therefrom. When the first band filter
3803 is set to have a let-through frequency of fl=1/22Tw,
the crosstalk component from the first track 3702 is passed
through together with the main componenﬁ of the signal
reproduced from the second track 3701.

A first detector 3805 is connected to the band
filter 3803 for receiving the reproduced signal passed
through the first band filter 3803 to convert it into a
first voltage. _

A amplifier 3812 is connected to the first
detector 3805 for receiving and amplifying the first

voltage. The amplifier 3812 can be replaced by an
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attenuator. When it is expected that the difference of
mark length in the third and fourth pit patterns 3704 and
3705 may causes a difference in amplitude between these two
of reproduction signals reproduced from the tracks 3702 and
3703, respectively, the amplifier (attenuator) 3812 is used
to compensate such amplitude difference.

A second band filter 3804 having a frequency of
£2 is connected to the preamplifier 3802 for receiving the
reproduction signal therefrom. When the second band filter
3804 is set to have a let-through frequency of £2=1/20Tw,
the crosstalk component from the second track 3703 is
passed through together with the main component of the
signal reproduced from the second track 3701

A second detector 3806 is connected to the second
band filter 3804 for receiving the reproduced signal passed
through the second band filter 3804 to convert it into a
second voltage.

A comparator 3807 having two input terminals
connected to the amplifier 3812 and the second detector
3806 for receiving thus amplified first voltage and the
second voltage, respectively, therefrom. - The comparator
3807 detects a difference between these two voltages and
produce a difference signal Sy. Note that this difference
signal Sy represents the difference between two crosstalk
components from the first and third tracks 3702 and 3703.

Therefore, when the difference signal Sy has a
positive value, the crosstalk from the firs{ track 3702 is
greater than that from the third track 3703. In this case,
it is meant that the radial tilt is biased to a direction

in which a portion optical pickup unit 3801 located on the
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inner circumference side closes to the disk 3800.
Hereinafter, this direction is referred to as a "negative
tilting direction."®

On the other hand, when the difference signal Sy
has a negative value, the crosstalk from the first track
3702 is smaller than that from the third track 3703. In
this case, it is meant that.the radial tilt is biased to a
direction in which a portion of the optical pickup unit
3801 on the outer circumference side closes to the disk
3800. Hereinafter, this direction is referred to as a
"positive tilting direction." .

Furthermore, when the difference signal Sy has
zero value, it is meént that the c:osstélk to the second
track 3701 from the both neighboring tracks 3702 and 3703
are the same. It is to be noted that this position is an
optimum position at which the radial tilt shows the
smallest.

For all the practicai purpose, when the
difference signal Sy is within'an allowable range, it is
judged as the current position is the optimum radial tilt
position. . . ;

However, the gain of crosstalk component is
defined by the frequency of the pit patfern formed in the
track. Therefofe, the crosstalk components from the tracks
3702 and 3703 have different gains, causing the comparison
by the comparator 3807 improper. For compensating such
gain difference between these two crosstalk components, the
amplifier 3812 is provided before the comparator 3807, as

described in the above. The amplification- factor of the
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amplifier 3812 can be determined based on the pit pattern
freguencies, _

The radial tilt calibrator 3808 is connected to
the comparator 3807 for receiving the difference signal Sy
therefrom to produce the radial tilt compensation signal
St2 based on the signal Sy.

An address reader 3810 is connected to the
preamplifier 3802 for receiving the reproduction signal
therefrom to produce an address signal indicative of the
address at which the :adial.tilt is currently evaluated,
and is further connected to the radial tilt controller 3811
for transferring the address signal thereto.

Referring to Fig.“?s, thé opgfﬁtion for
calibrating the radial tilt performed by the optical daisk
apparatus of Fig. 37 is shown. Hereinafter, the operation
of the optical disk apparatus with the optical disk 3800
having two calibration data areas, as best shown in Fig.
ic, is described.- The operatiqn with the optical disk
having a single calibration data area is simple, and very
similar to those of Fig. 11 is omitted for the sake of
brevity. .

First of all when the optical disk 3800 of Fig.
37 is set in the optical disk apparatus of Fig. 31, the
radial tilt calibration routine starts as follows.

At step S200, the optical pickup 3801 reads the
second calibration data track 3701 of the first calibration
data track area 23 formed in the inner circumference of the

disk 3800 to reproduce a signal therefrom. Then, the

-—-—procedure advances to step S202.
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At step 5202, it is judged whether the difference
signal Sy is within a range from -g to &, or not. %g" is a
predetermined value definiﬂg an allowable range for the
optimum radial tilt position, and is preferably 2 Db. When
it is judged "NO", meaning that the current radial tilt is
over the allowable range, the procedure advances to step
5204.

At step S204, it is judged whether the difference
signal sy has a positive value or not. When it is judged
“"YES", meaning that the radial tilt is currently biased to
the negative direction, then the procedure advances to step
S206.

At step 5206, the optical pxckup unit 3801 is
tilt by a predetermined amount At, and then the procedure

- returns to step §202.

However, when it is judged "NO" at step 5204,

| meanlng that the radial tilt is currently biased to the

‘positive direction, then the procedure advances to step

5208.

At step 85208, the optical pickup unit 3801 is
tilt by a predetermined amount -At, and then the procedure
returns to step. S202. This loop of.steps S202, S204, S206,
and S208 is repeated until when it is judged that the
current radial tilt is within the.allowable range at step
5202.

When it is judged "YES" at step $202, the
procedure advances to step S210.

At step 5210, the current tilting angle and

address are stored as a first tilting angle signal S61 and
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a first address signal Sal. Then, the procedure advances
to step S210. _

At step S212, the optical pickup 3801 reads the
second calibration data track 3701 of the second
calibration data track area 23 formed in the outer
circumference of the disk 3800 to reproduce a signal
therefrom. Then, the procedure advances to step S214.

At step 8214, it is judged whether the difference
signal Sy is within a range from -¢ to g, or not. When it
is judged "NO", the procedﬁre advances to step S216.

At step 5216, it is judged whether the difference
signal Sy has a positive value or not. épen it is judged
YYESY", the procedure advapcgs to step sgés, vhereat the
opfical pickup unit 3801 is tilt by a predetermined amount
At, and then the procedure returns to step S214.

However, when it is judged "NO" at step S216,
then the procedure advances to step S220, whereat the
optical pickup unit 3801 is tilt by a predetermined amount
-At, and then the procedure returns to step S214. |

When it is judged "YES" at step S214, the
procedure advances to step 5222, whereat the current
tilting angle and address are stored as a second tilting
angle signal 802 and a second address signal Sa2. Then,
the procedure terminates.

Sixth embodiment

Referring to Fig. 3%, a further example of the
optical disk, similar to that of Fig. 1C is shown.
Similarly, the optical disk 1501 a data recording area
1502, a first calibration data area C3 formed i a lead-in

area thereof, and a second calibration data area C4. Note

- 50 -



10

15

20

25

30

WO 97126651 ' PCT/IP96/00048

that these area 1502, €3, and C4 correspond those 2, 3, and
4 of Fig. 1C, respectively. Although the optical disk 1501
having two calibration data areas C3 and C4 is described
with reference to Fig. 39, the present invention can be
applied to such an optical disk having only one calibration
data area formed therein. '

Each of first and second calibration data areas
€3 and C4 is divided into plural sectors. For example, the
first calibration data area C3 is divided into four sectors
1507, 1508, 1509, and 1510 at a suitable division rate. 1In
other words, the calibration data area C3 can be equally or
unequally divided into two or mofe sect%rs. For the sake
of better recognition, here those dividéd sectors 1507,
1508, 1509, and 1510 are defined as flrst second, third,
and fourth inner calihratlon sectors, respectlvely.

Each inner calibration sector is further divided
into two portions, the first portion is a data area for
recording a calibration data, and the sécond portion is an
address area for recording an address information such as
sector address and track address thereof. . Specifically,
the inner calibration sectors 1507 includes a first inner
address area 1507a and a first inner data area 1507b. The
other inner calibration sectors 1508, 1509, and 1510
include a second inner address area 1508a and a second
inner data area 1508b, a third inner address area 1509a and
a third inner data area isosb, and a fourth inner address
area 1510a and a fourth inner data area 1510b,
respectively.

— . Similarly, the second calibration data area C4

also includes first, second, third, and fourth outer
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calibration sectors 1503, 1504, 1505, and 1506.
Furthermore, these inner calibration sectors 1503, 1504,
1505, an 1506 includes a first outer address area 1503a and
a first outer data area 1503b, a second outer address area
1504a and a second outer data area 1504b, a third outer
address area 1505a and a third data area 1505b, and a
fourth outer address area 1506a and a fourth outer data
area 1506b. .

It seems that the each of divided sectors of the
first calibration data area C3 is in alignment with
corresponding divided sectors of the second calibration
data areas C4 with respect to the radialfdirection.

However, each of callbratlon data areas c3 and C4 can be

' divided into different number of portlons and at any

suitable division.rate, as described in the above.
Therefore, those sectors are not required to be arranged in
a predetermined position relative to the others.

With reference to Figs. 402 and 40B, the
calibration signals recorded to each of the inner data
areas 1507b, 1508k, 1509b, and 1510b and the outer data
areas 1503b, 1504b, 1505b, and 1506b are described. Two
different calibration signals are recorded to alternate
sectors.

In Fig. 40A, one example of the first and third
inner data sectors 1507b and 1509b (1503b and 1505b), for
example, is shown. Tracks 5102, 5101, and 5103 correspond
the first, second, and third data tracks 32, 33, and 34 of
Fig. 4. The first track 5102 is recorded with the first
periodical signal having a pit pattern 5104 corresponding

to the third pit pattern 3704 of Fig. 36. The second and
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third tracks 5101 and 5103 are not recorded, as best shown
in Fig. 40A.

In Fig. 40B, one example of the second and fourth
inner data sectors 1508b and 1510b (1504b and 1506b) , for
example, is shown. Tracks 5106, 5105, and 5107 correspond
the first, second, and third data tracks 32, 33, and 34 of
Fig. 4. The first and second data tracks 5106 and 5105 are
not recorded. However, the thirad track 5107 is recorded
with the first periodical signal having a pit pattern 5108
corresponding to the third pit pattern 3704 of Fig. 36.

Referring to Fig. 41, an optical disk apparatus
according to the sixth embodiment of the present invention
is shown. The optical disk apparatus P6 includes an
optical pickup unit 5201 for impi;gihg a laser beam to an
optical disk 1501 for recbrdinq the information thereto and
reproducing the information therefrom. A radial tilt
adjusting unit 5211, corresponding to the radial tilt
adjuster 67 and the tilting unit 60 of Fig. 8, is provided
for adjusting the tilting position of the optical pickup
unit 5201.

A radial tilt controller 5212 is connected to the
radial tilt adjusting unit 5211 for transferring the radial
tilt adjuster control signal st1 therefo.

A radial tilt evaluator 5210 is connected to the
radial tilt controller 5212 for receiving the start command
signal Sc therefrom, and is further connected to the radial
tilt adjusting unit 52i1 for transferring the radial tilt
compensation signal St2 thereto.

A preamplifier 5202 is connected to the optical

Pickup unit 5201 for increasing the amplitude of the signal
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reproduced from the optical disk 523800, and produces a
reproduction signal. This reproduction signal varies
according to the lengths of pits formed in the recording
track of the oétical disk 1501.

A band filter 5204 having a frequency of f£1 is
connected to the preamplifier 5202 for receiving the
reproduction signal therefrom. When the band filter 5202
is set to have a let-through frequency of £f1=1/22Tw, the
crosstalk component from the first track 5102 (Fig. 40A) of
the first and third data sectors 1507b and 1509b or the
third track 5107 (Fig. 40B) of the second and fourth data
sectors 1508b and 1510b is passed througﬁ together with the
main component of the signgl reproduced from the second.
track 5101(Fig. 40A) or 5105 (Fig. 40B).

A detector 5205 is connected to the band filter
5204 for converting the reproduced signal passed
therethrough the band filter 5803 a voltage.

An address reader 5203 is connécted to the
preamplifier 5202 for reading the address information :rom
the amplified reproduced signal to produce a switching
signal sw. .

The radial tilt controller 5212 is further
connected to the address reader 5203 for receiving the
switching signal sw.

A select switch 5206 having one input port and
two output port is provided, and is operated by an control
signal to selectively connect either one of two output
ports to the.input port. This input port is connected to
the detector 5205-for receiving the converted voltage

therefrom. One of two output port is connected to a first
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sample holder 5207, and the other is connected to a second
sanmple holder 5208.

A comparator 5209 having two input terminals
connected to the first sample holder 5207 and the second
sample holder 5208 for receiving thus held crosstalk
components from the neighboring tracks 5101 and 5107. The
comparator 5209 detects a difference between these two
voltages and produce thé difference signal Sy. Note that
this difference signal éy represents the difference between
two crosstalk components from the first or third and second
or fourth sectors. )

The radial tilt evaluator 5216 is further
connected to the comparator 5209 for rgqeiving the
difference signal Sy. T

Referring to Fig. 42, the flow chart for the
operation of thus constructed optical disk apparatus P6 is
shown. The outline of the operation is briefly described
below. ?

In the optical pickup 5301 first access to the
second track of first sector 1507, for example, to
reproduce therefrom. The preamplifier 5202 amplifies the
reproduction signal from the optical pickup 5301 and
transfers thus amplified reproduction signal to both the
address reader 5203 and the band filter 5204.

The address reader 5203 reads the address
inrormationifrom the address area (1507a) of the sector
(1507) to which the optical pickup 5301 is currently
accessing. Based on thus detected current sector address,
the address reader 1507 further produces either one of two

switching signal Swl or Sw2. Specifically, when the odd
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numbered sector is detected, indicating that the first
sector 1707 or the third sector 1709 is currently accessed,
the first switching signal Swl is produced. When the even
numbered sector is detected, indicating that the second
sector 1708 or the fourth sector 1710 is currently
accessed, the second switching signal Sw2 is produced.

The band filter 5204 is set to have a let=-through
frequency of £f1=1/22Tw, so that the crosstalk components
from the first track 5102 of the first.and third sectors
1507 and 1509 and from the third track 5107 of the second
and fourth sectors 1508 and 1510 pass through to the
detector 5205. The detector 5205 converts these crosstalk

components into voltages, respectively.

Oon receipt of the first 51gna1 Swl, the selector

'switch connects the detector 5205 to the first sample

holder 5207 so that crosstalk voltages from the odd
numbered (first and third) sectors (1507.and 1509) are
transferred to the first samble holder 5207. On receipt of
the first signal Sw2, the selector switch connects the
detector 5205 to the sample holder 5208 so that crosstalk
voltages from the even numbered (second and fourth) sectors
{1508 and 1510) are transferred to the second sample holder
5210. i

As a result, the first sample holder 5207 holds
the crosstalk component only from the inner circumferential
tracks corresponding to the first calibration data track 32
of Fig. 4. The second sample holder 5208 holds the
crosstalk component only from the outer circumferential

tracks corresponding to the third calibration data track 33 T
of Fig. 4.
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Therefore, the comparator 5209 compares the
crosstalk components from first and third calibration data
tracks 32 and 34, and produces the difference signal Sy.
Hereafter, the operation is quite similar to those
performed by the optical disk apparatus P5 described with
reference to Figs. 37 and 38, and is omitted for the sake
of brevity.

As described in the above, since both the first
and thirad tracks 32 and 34 are recorded with the pit
pattern, the calibration data can be reproduced from the
second track 33 according'to the three-beam tracking
method. o

Furthermore, the second track 34 is recorded with
the calibration data signal.having a fféquency t0, and the'
first and third tracks 32 and 34 are recorded with the
calibration data signal having a frequency t2, wherein t0#l
and t0#n-tl (*n" is an integer). As a result, the
c:osstalk component from the first and third tracks (32).
and (34) can be clearly detected free from the influence of
the signal reproduced from the second track (33).

Additionally, Since the signal having a
predetermined freguency corresponding té a byte-unit in the
data system is recorded to the second track (32), the
calibration data area (23) can be formed with a simple
format. It is to be noted that 68 Tw corresponds to 4
bytes of a data system with the 2-10 modulation process.
Seventh embodiment

Referring to Fig. 43, an optical disk apparatus
according to the sgventhmembodiment of the present

invention, used for forming the calibration data track area
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23 on the optical disk 1, is shown. The optical disk
apparatus P7 according to this embodiment has a
construction similar to those 6f Figs. 8, 31, 34, and 35
but different in the following points relating to recording
with predetermined calibration data to each of data track
of the calibration data track area 23. Herebelow, only the
portion essential to forming the calibration data track
area 23 is described, and other parts similar or common
with those of Figs. 8, 31, 34, and 35 are omitted in Fig.
43 for the sake of brevitf.

The optical disk apparatus_b? includes the
optical pickup unit 122 including the lﬁser diode i23 and
the pin photo diode 1241 for :ecordipguind reproducing the
information to and from the optical disk 1. The
transporter $8 is provided for moving the optical pickup
unit 122 for scanning the recording tracks formed on the
optical disk 1. Thus, the optical pickup unit 122 and the
transport 53 construct an optical picknp-system Os. From
the preamplifier 125 connected to the optical pickup unit
122, the focus error signal Sfe is transferred to a focus
servo circuit 200. The focus servo circuit 200 produces a
focus driving signal Sfd for driving a focus controlling
system (not shown) incorporated in the optical pickup unit
Os. Note that the focus servo circuit 200 corresponds to
the focus servo circuit 100 of Fig. 34.

A calibration data recording controller 210
produces a transporter driving signal std for controlling
of the movement of the optical pickup unit, and is
connected to the transport 58 for transferring the signal

Std thereto. The calibration data recording controller 210

- 58 =~



10

5

20

25

30

WO 97/26651 ' PCT/IP96/00048

further produces a calibration data selection signal Src
indicative of the calibration data to be recorded in the
calibration data track area 23.

A calibration data generator 220 having a
plurality of storages such as ROMs for storing pit pattern
data corresponding to each of calibration data which are
previously described with reference to accompanying
figures. Note only three ROMs 300, 310, and 320, are shown
in Fig. 43 for the sake of brevity, but not limited three.

The calibration data generator 220 is connected
to the calibration data recording controller 210 for
receiving the calibration data signai Src. Based on the
calibration data signal Src, the calxbratlon data generator
220 selects specific ROMs storlng the pit pattern data .
indicated by the signal Src from ROMs 300, 320, 320, and so
on. From these selected specific ROMs, the corresponding
pit pattern data are read out in a predetermined order and
timing for writing to the'corresponding data tracks 32, 33,
and 34 of the area 223 based on the calibration signal Src.

A laser diode driving circuit 240 is connected to
the calibration data generator 220 for receiving the pit
pattern data thus readout from each of corresponding ROMS
and produce a laser diode driving signal sStd for
controlling the laser diode 123 of the optical pickup unit
0s (122). The laser diode driving circuit 240 is further
connected to the laser diode 123 for transferring the laser
diode driving signal std thereto.

Thus, based on the signals Std and Src, the
optical pickup unit Os is controlled to record each of

recording tracks 32, 33, and 34 of the calibration data
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area 223 with the predetermined calibration data
represented by predetermined pit patterns. Aas descriﬁed in
the above, the sizes of pit marks and pit spaces are
determined with respect to the spot size Ls of the laser
beam impinged thereto for reproducing signal therefrom.
However, it is needless to say that the sizes of pit marks
and pit spaces can be determined with respect the spot size
(Ls) of the laser beam impinged thereto for recording pit
marks thereto. '

. Although the présent invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanyipg drawings, it is
to be noted that_variou; changes and modifications are
appareht to those skilled in the art. .Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended
claims unless they depart therefrom.

Industrial Applicability

The prevent invention can be applicable for
reproducing the digital information from the optical disk
bearing digital information even when such optical disk
physically deflect or distort due to the gravity, and when
such disk is not set the optical disk apparatus with
dimensional incorrectness. Furthermore, the electrical
propensity peculiar to the circuits used in the optical
disk apparatus.

Thus, the manufacturer can ship.the optical disk
with the calibration patters recorded to the calibration
record area of the disk. The-user can compensates for the

distortion such as radial tilt, tangential tilt, and
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electric propensity affecting the reproductivity of the
digital signal by using the optical disk apparatus
incorporated with the calibration mechanism according to
the present invent.

Still furthermore, the user can record the
calibration pattern to the recordable type of optical disk
for the first time to use that disk by using the recordable

type of optical disk apparatus according to the present
invention.
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CLAIMS

1. An optical disk apparatus (P7) for reproducing a
signal (Sd) from a recording track formed in an optical
disk (1) by focusing a light spot (Ls) on said recording
track, said apparatus comprising:

a first pattefn generator means (ROM) for
generating a first pattern (SP) for causing said reproduced
signal (sd) to jitter; and

a writing means (122) for writing said first
pattern (SP) to a first recording track (33) of said
optical disk (1). |

2. An 6ptical disﬁ éppar;tus fPff as claimed in
Claim 1, wherein said first pattern (SP) written in said
first recording track (33) comprises: _

a first mark (3204) greater than said light spot
(Ls) provided on an alignment line exten&ing along with
said recording track (33); and

a second mark (3206) greater than said light spot
(Ls) provided on said alignmentlline and apart from said
first recording mark (3204) by a first predeternined
distance (3205) smaller than said spot (Ls).

3. An optical disk apparatus (P7) as claimed in
Claim 2, wherein said first and second marks (3204 and

3206) are alternately provided within said first recording
track (33).

THIS SHEET HAS BEEN
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4. An optical disk apparatus (P7) as claimed in
Claim 2, wherein said first pattern (SP) written in saia
first recording track (33) comprises:

a plurality of third marks (3202) smaller than
said light spot (Ls) provided on an alignment line
extending along with said recording track (33) and apart

from any other third mark (3202) by a second predetermined
distance (3201 and 3203).

5. . An optical disk apparatus (P7) as claimed in
Claim 1, further comprising a second pattern generator
means (ROM) for generating a second predetermined pattern
(SR), said writing means (122) writing said second pattern
(SR) to second and third recording tracks (32 and 34) each
provided on the opposite sides of said first fecording
track (33) for causing the crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
signals (Sd) reproduced from said second and third
recording tracks (32 and 34).

6. An optical disk apparatus (P7) as claimed in
Claim 5, wherein said second and third tracks (32 and 34)

comprises plural marks arranged at random.

7. An optical disk.apparatus (P7) as claimed in
Claim 5, wherein said first, second, and third tracks (33,
32, and 34) having first, seeond, and third predetermined
track widths (Tp), respectively.

THIS SHEET HAS ‘BEEN
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8. An optical disk apparatus (P7) as claimed in

Claim 7, wherein said first, second, and third

predetermined track widths (Tp) are the same (T1).

9. An optical disk apparatus (P7) as claimed in
Claim 7, wherein said first predetermined track width (T2)
is smaller than said second and third predetermined track
widths (T1).

i1o0. An optical disk'apparatus (P7) as claimed in
Claim 7, wherein said first predetermineg track width (T1)

is greater than said second and third prédetermined track
widths (T3). )
11. An optical disk apparatus (P4) as claimed in
Claim 11, further comprising:

an optical pickup means (Os) for impinging said
light spot (Ls) to said recording track for producing said
signal (Sd) therefrom;

a tracking position control means (140) for
changing focusing position of said optical pickup means
{Os) by a predetermined pitch;

a jitter amount measuring means (41) for
measuring the jittering amount (Sj) in the signal (Sd)
reproduced from said first recording track (33);

a minimum jitter position detection means (120)
for detecting a minimum jitter tracking position at which
said measured jittering amount (Sj) is minimum; and

a tracking control means (130) for controlling

said tracking position control means (140} to set said
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optical pickup means (0s) at said detected minimum jitter
tracking position.

12. An optical disk apparatus (P1) for reproducing a
signal (Sd) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a predetermined pattern (SP)
to said recording track (2 and 33) for causing the signal
(Sd) reproduced therefrom to jitter, said apparatus (P1)
comprisinq:_

an optical pickup means (0s) for impinging a
light spot (Ls) to said recording track (2 and 33) for
reproducing said signal (84d) therefrom;

a tilting means (60) for tilting said optical

* “pickup meéans (0s) by a predetermined angle (At) in a

predetermined direction;

a jitter amount measuring means (41) for
measuring the jittering amount (sj) in fhe signal (sq)
reproduced from said recording track (33);

a minimum jitter angle detection means (50) for
detecting a minimum jitter angle (fa) at which said
measured jittering amount (Sj) is ninimum; and

a tilting control means (54 and 67) for control
said tilting means (60) to tilt said optical pickup means
(Os) at said detected minimum jitter angle (8a).

13. An optical disk apparatus (P1) as claimed in
Claim 12, wherein said predetermined direction is a radial
direction with respect to said optical daiskx (1).
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14. An optical disk apparatus (P2) as claimed in

Claim 12, wherein said predetermined direction is a
tangential direction with respect to a radius of said
optical disk (1).

15. An optical disk apparatus (P3) for reproducing a
signal (Sd) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a predetermined pattern (SP)
to said recording track (2 and 33) for causing the signal
(Sd) reproduced therefrom to jitter, said apparatus (P3)
comprising: ]

an optical pickup means (Os) f;r impinging said
light spot (Ls) to said';eggfging t:agk_fz and 33) for

'reproducing said signal (Sd) therefrom;

a focus position control means (110) for changing
focusing position of said optical pickup means (Os) by a

. predetermined pitch;

a jitter amount measuring means (41) for
measuring the jittering amount (Sj) in the signal (sd)
reproduced from said first recording track (33);

| a minimum jitter position detection means (90)
for detecting a minimum jitter focusing position at which
said measured jittering amount (S3j) is miﬁimum; and

a focus control means (100) for controlling said
focus position control means (110) to set said optical

pickup means (Os) at said detected minimum jitter focusing
position.

16. An optical disk apparatus (P4) for reproducing a

signal (Sd) from a recording track (2 and 33) formed in an
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optical disk (1) recorded with a predetermined pattern (SP)
to said recording track (2 and 33) for causing the signal

PCT/IP6/00048

(8d) reproduced therefrom to jitter, said apparatus (P3)
comprising:

an optical pickup means (0s) for impinging said
light spot (Ls) to said recording track for producing said
signal (Sd) therefrom;

a tracking position control means (140) for
changing focusing position of said optical pickup means
(Os) by a predetermined pitch;

a jitter amount measuring means (41) for
measuring the jittering amount (S3) in the signal (s4)
reproduced from said first recording track (33);

a minimum jitter ﬁositioﬁtdéééction means (120)
for detecting a minimum jitter tracking position at which
said measured jittering amocunt (Sj) is minimum; and

a tracking control means (130) for controlling
said tracking position control means (1&0) to set said
optical pickup means (0s) at said detected minimum jitter
tracking position.

17. An optical disk apparatus-(P7) for recording a
signal (Sd) to a recording track formed in an optical disk
(1) by focusing a light spot (Ls) on said recording track,
said apparatus comprising:

a first pattern generator means (ROM) for

generating a first pattern (SP) for causing said reproduced
signal (Sd) to jitter; and

THIS SHEET HAS BEEN
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a writing means (122) for writing said first
pattern (SP) to a first recording track (33) of said
optical disk (1).

is. An optical disk apparatus (P7) as claimed in
Claim 17, wherein said first pattern (SP) written in saigd
first recording track (33) comprises:

a first mark (3204) greater than said light spot
(Ls) provided on an alignment line extending along with
said recording track (33); and

a second mark (3206) greater than said light spot
(Ls) provided on said alignment line and apart from said
first recordlng mark (3204) by a flrst predeterm;ned .
distance (3205) smaller than said spot (Ls) .

19. An optical disk apparatus (P7) as claimed in
Claim 18, wherein said first and second marks {3204 and

3206) are alternately provided within said first recording
track (33).

20. An optical disk apparatus (P7) as claimed in
Claim 17, wherein said first pattern (SP) written in said
first recording track (33) comprises:

a plurality of third marks (3202) smaller than
said light spot (Ls) provided on an alignment line
extending along with said recording track (33) and apart
from any other third mark (3202) by a second predetermined
distance (3201 and 3203).
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21. An optical disk apparatus (P7) as claimed in
Claim 17, further comprising a second pattern generator
means (ROM) fof.generating'a second predetermined pattern
(SR), said writing means (122) writing said second pattern
{SR) to second and third recording tracks (32 and 34) each
provided on the opposite sides of said first recording
track (33) for causing the crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
signals (5d) reproduced from said second and third
recording tracks (32 and 34).

22. An optical disk (1) for usé:in an optical disk
apparatus (Pl) reproducing a signal from a plurality of

" recording tracks formed in said optiéal disk (1) by

focusing a light spot (Ls) on said recordlng track, said
optical disk (1) comprising:

a first recording track (2) for recording said
signal therein; and

a second recording track (33:3, 23) for recording
marks formed therein in a first predetermined pattern (SP)

for causing a signal (Sd) reproduced therefrom to jitter.

23. An optical disk (1) as claimed in Claim 22,
wherein said first pattern (SP) written in said second
recording track (33) comprises: |

a first mark (3204) greater than said light spot
(Ls) provided on an.alignment line extending along with
said recording track (33); and

a second mark .(3206) greater than said light spot

(Ls) provided on said alignment line and apart from said
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first recording mark (3204) by a first predetermined
distance (3205) smaller than said light spot (Ls).

24. An optical disk (1) as claimed in Claim 23,
wherein said first and second marks (3204 and 3206) are
alternately provided within said second recording track
(33).

25. An optical disk (1) as claimed in Claim 22,
wherein said first pattern'(SP) written in said second
recording track (33) comprlses.

a plurality of third marks (3202} smaller than

' said 11ght spot (Ls) provided on an alignment line

extendlng along with said recording track (33) and apart
from any other third mark (3202) by a second predetermined
distance (3201 and 3203) greater than said light spot (Ls).

26. An optical disk (1) as claimed'in Claim 23,
wherein said first mark (3204) extends along said alignment
lined by a first predetermined length 6T, said second mark
(3206) extends along said alignment line by a second
predetermined length 7T, and said first predetermined

distance (3205) is a length 3T, said T being the channel
bit length. .

27. An optical disk (1) as claimed in Claim 25,
wherein said third marks (3202) extends along said
alignment line by third predetermined length 3T, and is
apart from one of neighboring two third marks (3202) by a

third predetermined distance 7T and from the other of
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neighboring two third marks (3202) by a fourth
predetermined distance 6T, said T being the channel bit
length.

28. An optical disk (1) as claimed in Claim 22,
wherein said first pattern (SP) written in said second
recording track (33) comprises:

said first mark (3204) extending in the
longitudinal direction of said second recording track (33)
by a first predetermined length greater than said light
spot (Ls); _ _

a second mark (3206) extending in the
longitudinal directlon of said second record1ng track (33)
by a second predetermlned length éreater than sald light
spot (Ls), and provided on a first side of said first mark
(3204) with a first predetermined interval (3205) smaller
than said light spot (Ls); and

a third mark (3202) extending in the longitudinal
direction of said second recording track (33) by a third
predetermined length smaller than said light spot (Ls) and
provided on the other side of .said first mark (3204) distal
from said second mark (3206) with a second predetermined
interval greater than said light spot (Ls).

29, An optical disk (1) as claimed in Claim 28,
wherein said first pattern (SP) is repeatedly formed in
said second recording track (33) so that said third mark
(3202) is separated from the next of said first mark (3206)

by a third predetermined interval (3201) greater than said
light spot (Ls).
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30. An optical disk (1) as claimed in Claim 28,

PCT/IP96/00048

wherein said first predetermined length is 6T; said second

predetermined length is 7T; said first predetermined

interval is 3T; said third predetermined length is 37T; and
said second predetermined interval is 7T, said T being the
channel bit length. '

31. An optical disk (1) as claimed in Claim 29,
wherein said third predetermined interval (3201) is 6T,
said T being the channel bit length.

32. An optical disk (1) as claimed in Claim 29,

further comprising a third and a fourth recording tracks

-(32 and 34) -each provided on“the ‘opposite ‘sides ‘of said

second recording track (33) for causing the crosstalk in
said signal (S3d) reproduced from said second recording
track (33) with signals (Sd) reproduced from said third and
fourth recording tracks (32 and 34).

33. An optical disk (1) as claimed in Claim 32,
wherein said third and fourth tracks (32 and 34) cdmprises

plural marks arranged at random.

34. An optical disk (1) as claimed in Claim 32,
wherein said second, third, and fourth tracks (33, 32, and
34) having first, second, and third predetermined track
widths (Tp), respectively.
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35. An optical disk (1) as claimed in Claim 34,

wherein said first, second, and third predetermined track
widths (Tp) are the same (T1l).

36. An optical disk (1) as claimed in Claim 34,
wherein said first predetermined track width (T2) is
smaller than said second and third predetermined track
widths (T1).

37. An optical disk (1) as claimed in Claim 34,
wherein said first predetérminéd track width (T1) is
greater than said second and third predetermined track
widths (T3).
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