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DESCRIPTION

Optical Disk, Optical Disk Device, and
Method of Reproducing Information on Optical Disk

TECHNICAL FIELD

The present invention relates to an optical disk,
an gptical disk device, and an optical disk reproduction
method, for recording/reproducing digital aignals.

BACKGROUND ART

In recent years, optical disk devices have
attracted attention as means for recording/reproducing a
Targe capacity of data, and are under active technical
developments for achieving higher recording density.

Presently prevailing rewritable optical disks
include spiral-shaped groove tracks composed of concave
and convex portions (each having a width of about 50%)
formed on a surface of a disk substrate at a pitch of 1
to 1.6 ym. On the surface of the substrate, a thin film
including a recoxrding material (e.g., Ge, Sb, and Te in
the case of a phase-change type optical disk) as a
component is formed by a method such as sputtering. The
disk substrate is fabricated in the following manner,
First, a stamper is produced from a prototype where
concave grooves and pits for sector addresses and the
like are formed by cutting by light beam irradiation.
Using such a stamper, the disk substrates made of
polycarbonate and the llke are mass-produced. The
rewritable optical disks require sector-unit management
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for data recording and reproduction. Accordingly, at the
fabrication of the disks, concave and convex portions
(pits) are often formed on a recording surface, simulta-
neously with the formation of guide grooves for tracking

control, so as to record address information of each
gector,

Each track of the optical disk with the above
structure is 4irradiated with a light beam having a

.predet'em:l.ned recording power, so as to form recording

marks on the recording thin film. The portions irradiat-
ed with the light beam (the recording marks) have differ-
ent optical characteristics (reflection characteristics)
from the other portions of the recording thin £ilm.
Thus, the recorded information can be reproduced by
irradieting the track with a predetermined reproduction

power and detecting light reflected from the recording
filmo

In tha following description, the pits of physi-
cal concave and convex portions and the recording marks
obtained by a change in the optical characteristics of
the recording thin film are generically referred to as
"marks”, unless otherwise specified. The pits are read-
only marks once formed, while the recording marks are
rewritable. At the reproduction of recorded information,
the two types of marks are read as changes in the ampli-
tude of reproduction signals. The concave and convex
portions as used hezrein refers to the shapes as are
viewed from a reproduction beginning of the optical disk
device. In other words, the "pits" refer to the convex
portions as are viewed from the reproduction head, and
the "grooves" also refer to the convex portions.
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Techniques for achieving an optical disk with a
high recording density include increasing the recording
density in the track direction and increasing the record-
ing density in the linear velocity direction.

Increasing the recording density in the track
direction includes reducing the distance between tracks
(the track pitch). One technigue for reducing the track
pitch is land/groove recording where signals are recorded
both on convex tracks (groove portions) and concave
tracks (land portions). The land/groove recording
realizes double recording density, compared with the case
of recording signals on either the groove porions or the
land portions, if the other conditions are the same.

One technique for increasing the recording
density in the linear velocity direction is referred to
as mark length recording where both ends of a mark are
made to correspond ta "1" of modulation data. Figure 1
illustrates an example of the mark length recording in
comparison with inter-mark recording. Referring to
Figure 1, a sequence Y represents digital data modulated
using & run length limit code. The run length limit code
as used herein refers to a code sequence where the number
of continuous "O"s interposed between every adjacent "l1l"s
(hereinbelow, called the zero run) is limited to a
predetermined number. The interval (length) from one "1"
to the next "1" in the sequence Y is called an inversion
interval. The limits, i1.e., the minimum and maximum
values of the inversion interval of the sequence Y are
determined by the limitation of the zero run. Such
values are called the minfimum inversion interval and the
maximum inversion interval.
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When the sequence Y is recorded using the inter-
mark recording (PPM; pit position modulation), the "1" of
the sequence Y corresponds to a recording mark 101, and
the =zerc run corresponds to a space 102, When <the
sequence Y is recorded using the mark length recording
(PwM; pulse width modulation), the recording state, i.e.,
whether the recording mark 101 or the space 102, is
switched by the appearance of "l1" in the sequence Y.
When the mark length recording is employed, the inversion
interval corresponds to the length of the recording
mark 101 or the space 102,

When a run length limit code of which the minimum
inversion ini:erval is 2 or more is used, the mark length
recofding may have an increased number of bits per unit
length, compared with the inter-mark recording. For
example, consider the case where the minimum value of the
physical size of a mark which can be formed on a disk
{called a mark unit) is the same in both the mark length
recording and the inter-mark recording. As is observed
from Figure 1, while the inter-mark recording utilizes
three mark units to record data of the minimum code
length (three bits, "100", in the sequence Y), the mark
length recording utilizes only one mark unit, For
example, while the recording density in the inter-mark
recording is approximately 0.8 to 1.0 um/bit, the record-

ing density in the mark length recording is approximately
0.4 pym/bit. '

In general, the tracks on the optical disk are
divided into recording sectors which represent minimum
access units. Address information is prerecorded on each
recording sector as described above. By reading the
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address information, the access to the recording sectors
for data recording/reproduction is possible.

Figure 2A illustrates a signal format of each
recording sector of a rewriteble opticel disk which is in

- accordance with IS0 (see ISO/IEC 10090). A recording

sector 103 begins with a header 104 where addressing
information for reading address information is prerecord-
ed by forming concave and convex portions on the record-
ing surface. A recording field 105 stores  user data
where digital data is modulated using a (2,7) modulation
code for the inter-mark recording. Figure 3 shows a
conversion table of (2,7) modulation codes. As is
observed from Figure 3, by the (2,7) modulation, i-bit
digital data (1 = 2, 3, 4) is converted into a 2xi-bit
code sequence. The (2,7) modulation codes are run length

limit codes where the zero run i1s limited between 2 and
7.

Figure 2B shows the construction of the head-
er 104. A sector mark 8SM is provided so that the optical
disk device can identify the beginning of the recording
sector without clock reproduction by a phase locked loop
(PLL). As shown in Figure 2C, the sector mark $M in-
cludes a pattern using comparatively long marka. Since
the sector mark SM has this predetermined pattern, and
the amplitude of the reproduction signals thereof is
large, the sector mark SM ig distinguishable from other
data recorded using the inter-mark recording. The
position of the header 104 is detected by detecting the

sector mark 8M, thereby to reproduce the address informa-
tion. "
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VFO regions VFOl and VF02 shown in Figure 2B are
provided so that the optical disk device can obtain bit
synchronization of reproduction signals using a clock
reproduction by the PLL. A 2-zero run sequential pattern
is recorded using the inter-mark recording.

Address marks AM are provided so that the optical
disk device can identify the byte synchronization of
subsequent address fields ID1, ID2, and ID3. Each of the
address marks AM includes a pattern as shown in Figure 2D
recorded using the inter-mark recording technique. The
pattern of the address mark AM includes a pattern of
Toex + 1 = 9 bits where T, is a maximum inversion interval
of the (2,7) modulation code (T,, = 8). This pattern
does not appear in data recorded by the (2,7) modulation
code.

Each of the address fields ID1, 1ID2, and ID3
includes: address information composed of track numbers,
sector numbersg, and the like; and cyclic redundancy check
(CRC) codes for error detection during data reproduction,
which are subjected to the (2,7) modulation and recorded
using the inter-mark recording.

A postamble PA is provided to indicate the end of
the (2,7) modulated data in the address field ID3.

Figure 4 shows an example of signal amplitudes
obtained when information recorded on the header 104 is
reproduced by the optical disk device. As is observed
from Figure 4, the amplitudses of the reproduced signals
are proportional to the "lengths of the corresponding
marks. The amplitude of: the reproduced signal of the
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sector mark SM which has a long length is larger than
that of the reproduced signal of other data. This allows
for the identification of the sector mark SM by detecting
the envelope of the reproduced signal waveform, and thus
the detection of the beginning of each recording sector.

In the above example, all of the (2,7) modulated
data is recorded using the inter-mark recording. Howev-
er, in an optical disk having the header 104, when data
is recorded using the mark length recording for improving
the recording density, the marks recorded in the address
fields ID1 to ID3 of the header 104 and the marks record-
ed in the recording field 105 have a certain length
determined by the zero run limitation of the modulation
code. Accordingly, the amplitude of the reproduced
signal of data recorded using the mark length recording
becomes large, compared with that recorded using the
inter-mark recording where each mark corresponds to the
l-bit long “1". In the mark length recording, therefore,
the difference in the signal amplitude (or the difference
in the pattern) between the sector mark SM and the other
portiong becomes small compared with the case of the
inter-mark recording. This makes it difficult to detect

the beginning of the recording sector 103 by the enve-
lope.

Moreover, when the above-described address
mark AM is used, an erroneous detection of the address
mark AM due to an erronecous bit shift of "1" may occur,
For example, a code sequence obtained by the (2,7)
modulation of digital data {...10110011...} is converted
into {...010010000000100¢...} from & conversion table
such as that shown in Figure 3. At this time, the
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pattern of the address mark AM is {0100100000000100} as
shown in Figure 2D, If "1" of the above (2,7) modulated
pattern shifts by one bit, the resultant pattern is
identical to the address péttern AM, which will cause
erroneous detection.

In view of the foregoing, the objects of the
present invention are to provide an optical disk, an
optical disk device, and an optical disk reproduction
method, where address information can be read reliably
even when high recording density is achieved by employing
mark length recording and the like.

DISCLOSURE OF INVENTION

The optical disk of the present invention in-
cludes a plurality of tracks each divided into a plurali-
ty of recording sectors, sach of the recording sectors
including a header region, wherein the header region
includes address information for identifying a position
of the corresponding recording sector and address syn-
chronous information for identifying a recording position
of the address information for bit synchronization. 'The
address information has been modulated using a run length
limit code of a maximum inversion intexval of T, bits
(T..x 1 a natural number), and the addreas synchronous
information includes two patterna of which inversion
interval is (T, + 3) bits or more, so that a reproduced
signal of the address synchronous information is distin-
guished from a reproduced signal of other information.

With the above construction, the above objects are
ettained. ;
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In one embodiment, the addresa synchronous
information includes a first pattern and a second pattern
which are different in either a physical shape or an
optical characteristic of a recording surface of the
optical disk, and the address synchronous information
includes one first pattern having a length of (T, + 3)
bits or more and one second pattern having a length of
(Tpex + 3) bits or more.

The pattern may be a convex portion (pit) formed
physically on the recording surface of the optical disk,
and the second pattern is a concave portion formed
physically on the recording surface of the optical disk.

The first pattern may be a recording mark formed
by changing a reflection characteristic of the recording -
surface of the optical disk, and the second pattern is a
space on the redording surface.

Preferably, a total bit length of the first
pattern included in the address synchronous information
and a total bit length of the second pattern included in

the address synchronous information are equal to each
other.

Preferably, the header region includes four-time
repetition of the address information and the address
synchronous information.

The optical disk of this invention includes a
plurality of tracks each divided into a plurality of
racording sectors, each of the recording sectors includ-
ing a header region, wherein the header region includes
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address information for identifying a position of the
corresponding recording sector, address synchronous
information for identifying a recording position of the
address information for bit synchronization, and clock
synchronous information for reproducing a clock signal,
the address information has been modulated using a run
length limit code of a minimum inversion interval of T,
bits and a maximum inversion interval of T, bits (T, and
T.n 8re natural numbers satisfying T,. > T..), the clock
synchronous information is ‘a seqguential pattern of
alternate repetition of d-bit long mark and space (d is
a natural number satisfying T,, s d < T,.)., and the
address synchronous information includes two patterns of
which inversion interval is (T, + 3) bits or more, so
that a reproduced signal of the address synchronous
information is distinguished from a reproduced signal of
other information. With the above construction, the
above objects are attained.

In one embodiment, each of the address synchro-
nous information and the clock synchronous information
includes a first pattern and a second pattern which are
different in either a physical shape or an optical
characteristic of a recording surface of the optical
disk, and the address synchronous information includes
one firat pattern heving a length of (T,, + 3) bits or
more and one second pattern having a length of (T.., + 3)
bits or more.

In another embodiment, the minimum inversion

interval T, is 3, the maximum inversion interval T, is
11, and the value d is 3." |
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In still another embodiment, the minimum inver-
sion interval T, K is 3, the maximum inversion interval T,
is 11, and the value 4 is 4.

Preferably, the header region includes four-time
repetition of the oclock synchronous information, the
address information, and the address synchronous informa-
tion.

The optical disk comprising a plurality of tracks
each divided into a plurality of recording sectors,
wherein each recording sector includes a header region
and a postamble region following an end of the header
region, and the postamble region includes a pattern
determined based on & modulation result of data of the
header region. ~ with above construction, the above
objects are attained.

In one embodiment, the data on the header region
is modulated using a modulation code for performing a
conversion in a table based on a state, the postamble
region includes information for identifying the state.

The information for identifying the state may be
at least one specific bit having a predetermined value,
and a bit located adjacent to the specific bit has

substantially the same value as the predetermined value
of the specific bit.

The optical disk of this invention includes a
plurality of tracks each divided into a plurality of
recording sectors, wherein each recording sector includes
@ header region, a data recording region, and a postamble
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region following an end of the data recording region, and
the postamble region includes a pattern determined based
on a modulation result of data of the data recording
region. With this construction, the above aobjects are
attained.

In one embodiment, the data on the data recording
region is modulated using a modulation code for perform-
ing conversion in a table based on a state, the postamble
region includes information for identifying the state.

The information for identifying the state may be
at least one specific bit having a predetermined wvalue,
and a bit located adjacent 0o the specific bit has
subgtantially the same value as the predetermined wvalue
of the specific bit.

In one embodiment, the recording sector further
includes a guard data recording region following the
postamble region for recording dummy data.

In another embodiment, the data recording region
includes data modulated using a run length limit code of
a minimum inversion interval of T,, bits and a maximum
inversion interval of T, bits (T,, and T,, are natural
numbers satisfying T,, > T,,), and the guard data
recording region includes a pattern of alternate repeti-
tion of a k-bit long optical mark and a k-bit 1long

optical space (k is a natural number satisfying T,
€k s T.,).

The optical disk 'of this invention includes a
plurality of tracks each divided into a plurality of
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recording sectors, wherein each recording sector includes
a header region, and the header region includes an
addrese region having a postamble region at an end of the
address region, and the postamble region has a pattern
which ends with non-pit data or a space. With this
construction, the above objects are attained.

The header region may include a plurality of the
address regions.

The address regions may be located in the middle
of groove portions and land portions of the tracks.

The optical disk of thisg invention includes a
plurality of tracks each divided into a plurality of
recording sectors, wherein each recording sector includes
a header region, the header region includes a plurality
of addreas regions, each of the address regions includes
a VFO region at a beginning of the address region, and
the VFO region has a pattern which starts with non-pit
data or a space. With this construction, the above
objects are attained.

In one embodiment, the address ragion includes an
address information region where address information is
recorded by a mark length recording for identifying a
position of the corresponding recording sector, and the
address information is modulated using a run length limit
code of a minimum inversion interval of T, bits and a
maximum inversion interval of T,, bits (T,, and T, are
natural numbers satisfying T, > T.,), and non-pit data
or a space having a length' in a range of T, bits or more
and T, bits or less is. provided between the address
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The address reglons may be located in the middle
of groove portions and land portions of the tracks.

The optical disk device of this invention is for
an optical disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data
region, the header region including address information
for identifying a position of the corresponding recording
gector, address synchronous information for identifying
a8 recording position of the address information for bit
synchronization, and clock synchronous information having
a predetermined sequential pattern, the device compris-
ing: means for reading a reproduced signal from the
optical disk; address reproduction means for obtaining
the address information from the reproduced signal:
detection means for detecting the sequential pattern of
the clock synchronous information from the reproduced
signal to output a detection signal; and address repro-
duction permit means for permitting the address reproduc-
tiorlx means to perform a read operation of the address
information based on the detection signal. With this
construction, the above objects are attained.

In one embodiment, the optical disk device
further includes: clock generation means for generating
8 clock signal from the reproduced signal; and clock
reproduction permit signal for permitting the clock
generation means to perform an operation of generating
the clock signal based on‘the detection signal.
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The detection means may includes: binary means
for converting the reproduced signal into binary data to
output the binary data; sampling means for sampling the
binary data at a predetermined frequency to output
digital data:; parallel conversion means for converting
the digital data into parallel data of at least m X n
bits (m and n are natural numbers); and a detection table
for detecting a predetermined sequence composed of n-time
repetition of an m~bit pattern f£from the parallel data.

The optical disk device of this invention is for
an optical disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data
reglion, the header region including address information
for 1dentlifying a position of the corresponding recording
sector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information hawving
a predetermined sequential pattern, the device compris-
ing: means for reading & reproduced signal from the
optical disk; clock generation means for generating a
clock signal f£rom the reproduced signal; detection means
for detecting the sequential pattern of the clock syn-
chronous information from the reproduced signal to output
a detection signal; and clock reproduction permit means
for permitting the clock generation means to perform an
operation of generating the clock signal based on the
detection signal.

In one embodiment, the detection means comprises:
binery means for convert:f‘ng the reproduced signal into
binary data to output the binary data; sampling means for
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sampling the binary data at a predetermined fregquency to
output digital data; parallei conversion means for
converting the digital data into parallel data of at
least m X n bits (m and n are natural numbers); and a
detection table for detecting a predetermined sequence
composed of n-time repetition of an m-bit pattern from
the parallel data.

The reproduction method of this invention is for
an optical disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data
region, the hsader region including address information
for identifying a position of the corresponding recording
saector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information having
a predetermined sequential pattern, the method comprising
the steps of: retrieving a reproduced signal from the
optical disk; detecting the sequential pattern of the
clock synchronous information from the reproduced signal:
permitting reading of the address information if the
sequential pattern is detected: reading the address
information from the reproduced signal in response to the
permission; and terminating the step of reading the
address information in a predetermined time period after
the permission to return to the step of detecting the

sequential pattern, With this construction, the above
objecta are attained.

In one embodiment, +the reproduction method
further includes the steps’ of: permitting reproduction of
a clock signal if the sequential pattern is detected; and
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reproducing the clock signal from the reproduced signal
in response to the permission.

The reproduction method of this invention is for
an optical disk including a plurality of tracks each
divided intoc a plurality of recording sectors, each
recording sector including a header region and a data
region, the header region including address information
for identifying a position of the corresponding recording
sector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information having
a predetermined sequential pattern, the method comprising
the steps of: retrieving a reproduced signal f£rom the
optical disk; detecting the sequential pattern of the
clock synchronbus information from the reproduced signal;
permitting reproduction of a clock signal if the sequen-
tial pattern is detected; and reproducing the clock
signal f£from the reproduced signal in response to the
permission. With this construction, the above objects
are attained.

The reproduction method of this invention is for
an optical. disk including a plurality of tracks each
divided into a plurality of recording sectors, each
recording sector including a header region and a data
region, the header region including address information
for identifying a position of the corresponding recording
sector, address synchronous information for identifying
a recording position of the address information for bit
synchronization, and clock synchronous information having
a predetermined sequentiaf‘ pattern, the method comprising
the steps of: retrieving:a reprodueed signal from the
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optical diek; determining a reproduction mode whether the
reproduction mode is an initial mode during a time period
from switching-on of the device or a track jump until the
address information is first read from the reproduced
signal or & normal mode during a time period from the
reading of the address information until a next track
jump is generated; detecting the sequential pattern of
the clock synchronous information from the reproduced
signal; permitting reading of the address information if
the sequential pattern is detected in the initial mode as
a first permitting step; reading the address information
from the reproduced signal in response to the permission;
generating a sector pulse 1f the address information is
correctly read; permitting reading of the address infor-
mation from the reproduced signal based on the sector
pulse in the normal mode as a second permitting step; and
terminating the reading of the address information to
return to the step of determining a reproduction mode if
the address information fails to be read within a prede-
termined time period after either the first or second
permission step. With this conatruction, the above
objects are attained.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a view for explaining the mark length
recording and the inter-mark recording.

Figure 2A is a view illustrating a signal format
of a recording sector of a conventicnal optical disk.

Figure 2B is & viéw illustrating a header of the
conventional optical disk.
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Figure 2C is a view illustrating a recording
pattern of a sector mark of the conventional optical
disk.

Figure 2D is a view illustrating a recording
pattern of an address mark of the conventional optical
disk.

Figure 3 illustrates a modulation table of (2,7)
modulation codes.

Figure 4 is a view illustrating an example of
reproduced signal waveforms at the header of the conven-
tional optical disk.

Figures BA to 5C are views for explaining a
construction of an optical disk of one example according
to the present invention.

Figure 6§ is a view illustrating an exemplary
recording pattern of a VFO region of the optical disk of
the example according to the present invention.

‘ Figures 72 to 7C are views illustrating exemplary
recording patterns of an addreas mark of the optical disk

of the example according to the present invention.

Figures 8A to 8D are views illustrating exemplary

- recording patternas of the address mark of the optical

disk of the example according to the present invention.

Figure 9 is a view illustrating an exemplary
recording pattern of the address mark of the optical disk
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of the example according to the present invention.

Figure 10 is a block dlegram of an optical disk
device of one example according to the present invention.

Figure 11 is a2 block diagram of an exemplary
inner construction of a reproduction system shown in
Figure 10.

Figure 12A is a block diagram of an exemplary
inner construction of a VFO detection circuit of the
example according to the present invention.

Figure 128 is a view illustrating the construc-
tion of a VFO detection table in the example according to
the present invention.

Figure 13 18 a timing chart of exemplary
waveforms of various signals used in the optical disk-
device of the example according to the present invention.

' Figure 14 1is a timing chart of exemplary
waveforms of various signals used in the optical disk
device of tha example according to the present invention.

Figure 15 is a flowchart of an exemplary process
after the turning-on of a system control of the optical

disk device of the example according to the present
invention.

Figure 16 is a flowchart of an exemplary process
of the system control of the optical disk device of the
example according to the present invention,
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Figure 17A is a view illustrating a signal format
of a recording sector of an optical disk of another
example according to the present invention.

Figure 17B is a view illustrating a signal format
of a header region of the optical disk of the example
according to the present invention.

Figure 18A is a block disgram of a modulation
circuit for a state modulation code in the example
according to the present invention.

Figure 18B is a view illustrating an exemplary
content of a conversion table shown in Figure 18A.

Figure 18C is a block diagram of the construction
of a demodulation circuit for the state modulation code
in the example according to the present invention.

Figures 193 and 19B are views illustrating
exemplary recording patterns for a postamble in the
example according to the present invention.

Figures 20A to 20C are views for explaining the
construction of an optical disk of still another example
according to the present invention.

Figures 21A and 21B are schematic views illus-
trating exemplary arrangements of an address region of a
header region of the optical disk of the example accord-
ing to the present invention.

Figure 21C is a .view illlustrating a coupling
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portion of address regions shown in Figures 21A and 21B.

Figure 22A is a schematic view illustrating the
case where the coupling portion of the address regions of
the optical disk includes marks and the marks are ideally
formed.

Figure 22B is a schematic view illustrating the
marks formed on the coupling portion of the address
regions of the optical disk.

Figures 23A and 23B are views illustrating the
operation where an optical spot performs data reproduc-
tion along a land track.

Figures 24A to 24H are views illustrating exem-
plary patterns of a postambla.

FigureIZSA is & view illustrating a signal format
of a recording sector of an optical disk of still another
example according to the present invention.

Figure 25B is a view illustrating an exemplary
pattern recorded on a guard datae recording region in the
example according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be
described by way of example with reference to the rele-
vant drawings. '

%

(Example 1)
Figure 5A schematically illustrates an optical
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disk la of the first example according to the present
invention. As shown in Figure 5A, the optical disk la
has tracks 1b formed in a spiral shape. Each track 1b is
divided into recording sectors l¢ in accordance with a
predetermined physical format. As shown in Figure BA,
the recording sectors lo are sequentially arranged in the
circumferential direction to form the track 1b.

Figure 5B illustrates a format of each recording
sector lc of the optical disk la of the first ecxample
according to the present invention, Referring to Fig-
ure 5B, the recording sector lc starts with a header
region 2 where addressing information for reading addresas
information is prerecorded. A gap region 3, a data
recording region 4, and a buffer region 5 respectively
follow the header region 2 in this order. The gap
region 3 has no data recorded thereon, but is used for
power control of a semiconductor laser used for data
recording/reproduction and the like. The data recording
region 4 is used to record user data. Redundant data
such as an error correction code is added to the user
data, to form digital data. The digital data is modulat-
ed using & run length limit code where the zero zun is
limited to the range of 2 to 10. The modulated data is
recorded on the data recording region 4 using the mark
length recording. Such & run length limit code is called
the (2,10) modulation code. The buffer region 5 is
provided to absorb a rotational £fluctuation of the
optical disk and the like. In the header region 2,
information may be recorded as pits in a concave and
convex shape on the recording surface, or as marks
optically recorded in substantially the same manner as
that used in the recording on the data recording region.
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As shown in Figure 5C, the header region 2 is
divided into four address regions 6a, 6b, 6c, and 6d.
Each of the address regions includes a VFO region, an
address mark AM, and an address information region ID.
For example, the address region 6a includes a VFO re-
gion VF0l, an address mark aM, and an address information
region ID1, while the address region 6b includes a VFO
region VF02, an address mark AM, and an address informa-
tion region ID2,

In the conventional header 104 shown in Fig-
ure 2B, the sector mark SM precedes the pattern composed
of the VFO region, the address mark AM, and the address
field ID which is repeated three times. In this example,
no sector mark is recorded on each header region 2, but
the address region, similar to the above pattern, which
is composed of the VFO region, the address mark AM, and

the address information region ID, is repeated four
times.

. The VFO regions VF01l, VF02, VF03, and VF04 are
ugsed so that an optical disk device can obtain clock
reproduction from reproduced signals. As shown in
Figure 6, each VFO region has such a sequential pattern
that includes 4-bit long marks and 4-bit long spaces
appearing alternately. Each of the VFO regions may have
the same length or different lengths. For example, if
the VFO region VF0l1l is made longer than the other VFO re-
gions VF02, vFO3, and-vro4, stable clock reproduction is
obtained at the beginning of the header region 2.

Each address mark AM is provided so that the
optical disk device can identify the position of the
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subsequent address information region ID to obtain bit
synchronization therewith. Figure 7A shows an example of
the address mark AM of this example. As shown in Fig-
ure 7A, marks are recorded on the optical disk using the
mark length recording in accordance with the signal
sequence (bit pattern) of the address mark AM. The
resultant signal to be read has an amplitude in accor-
dance with the pattern of marks and spaces (portions
other than the marks). In this example, the address
mark BM has a pattern which includes one 14-bit long mark
and one l1l4-bit long space. The address information re-
gions 1IDl, ID2, ID3, and ID4 are representatively denoted
as an address information region ID.

With respect to the address information re-
gion ID, digital data composed of data including address
information such as the track number and the sector
number and a predetermined error detection code added
thereto are recorded using the mark length recording,
after the digital data are modulated using a (2,10)
modulation code.

Since the maximum inversion interval of the
(2,10) modulation code. is 11, no marks or spaces having
a length of 12 bits or more are included in the pattern
in any of the address information regions ID and the data
recording regions. Even if the ll-bit long mark in the
address information region ID or the data recording
region is erroneously reproduced as a l1l2-bit long mark
due to an edge shift of the mark or the like, and fur-
thermore the 1l4-bit long mark in the address mark AM is
erroncously reproduced as a 13-bit long mark, the one-bit
long difference still exists therebetween. Accordingly,
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unless the mark/space in either one of the regilons is
subjected to an edge shift by 2 or more bits, a failure
to detect the 1l4-bit long mark in the address mark AM or
an erroneous detection of a pattern in the address
information region ID or the data recording region as &
14-bit long mark will not occur. In this way, the
addregs mark AM can be detected without fail by recording
two patterns (one mark and one space) having a length of

T..x + 3 bits or more where T,, is the maximum inversion
interval. '

As described above, the address mark AM includes
two 14-bit long mark/spaces. This pattern reduces the
probability of erroneous detection compared with a
pattern including only one 1l4-bit long mark or space.
Moreover, the pattern including only'bne 14-bit long mark
or space can be used as a data synchronization detection
pattern for the data recording region 4. This makes it
possible, not only to maintain the reliability of the
data synchronization detection, but also to facilitate
prevention of the data synchronization detection pattern
from being erronecusly detected as the address mark AM.

Figures 7B and 7C illustrate other examples of
the address mark AM, A pattern including two l4-bit long
marks as shown in Figure 7B and a pattern including two
14-bit long spaces as shown in Figure 7C may be used as
the address mark AM. Using the patterns as shown in
Figures 7B and 7C, however, the entire recording pattern
may be made one-gided in the balance of marks and spaces.
If the entire recording pattern becomes one-sided, the
low-frequency component of the pattern increases. The
increase of the low-frequency components of the pattern
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varies the amount of the reproduced signal components in
the servo frequency band, which affects the servo system.
Accordingly, the amount of the low-frequency component of
the pattern should preferably be as small as possible.
Thus, the pattern as shown in Figure 7A is preferable

where the appearance of the marks and the spaces is
balanced.

Figures BA to 8D illustrate yet other examples of
the address mark AM. The address mark BM shown in
Figure 8A has a pattern composed of {6-bit lang mark, 14-
bit long space, 4-bit long mark, 4-bit long space, 14-bit
long mark, 6-bhit long space}. The address mark AM shown
in Figure BB has a pattern composed of {4-bit long mark,
14~bit long space, 6-bit long mark, 6-bit long space, l4-
bit long mark, 4-bit long space}. The address mark AM
shown in Figure 8C has a pattern composed of {5-bit long
mark, 1l4-bit long space, 5-bit long mark, S5-bit long
space, l4-bit long mark, 5-bit long space}. The address
mark AM shown in Figure 8D has a pattern composed of {4-
bit long mark, 14-bit long space, 4-bit long mark, 4-bit
long space, l4-bit long mark, 4-bit long space}.

In all of the above patterns, the total number of
bits of the marks and the total number of bits of the
gpaces are equal to each other. Thus, these patterns
include two 14-bit long mark/spaces and also include a
reduced amount of low-frequency components.

In the patterns shown in Figures 8BA to 8D, the
number of mark/space inversions is large compared with
the patterns shown in Figures 7A to 7C. As the number of
mark/space inversions increases, edge information in-
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creases and thus the error due to a bit shift occurs less
easily. In other words, the patterns shown in Figures 8a
to 8D have a smaller probability of causing erroneous
gynchronization detection due to a bit shift than the
patterns shown in Figures 7A to 7C.

In some cases, the processing of a modulation
circuit, a demodulation circuit, and the like becomes
simpler if the address mark AM has a length of an integer
number of data bytes. Figure 9 illustrates a pattern of
the address mark AM obtained by using a modulation code
which modulates one data byte into 16 bite. The address
mark AM is 48-bit long, i.e., 3-data byte long. The
pattern is composed of (4-bit long space, 4-bit long
mark, 14-bit long space, 4-bit long mark, 4-bit long
space, l4-bit long mark, 4-bit long space}.

The pattern of the address mark AM shown in
Figure 9 includes a larger number of maxrk/space inver-
sions than the pattern shown in Figure 7A. As the number
of mark/space inversions increases, edge information in-
creases and thus the error due to a bit shift occurs less
casily as described above. In other words, the pattern
shown in Figure 9 has a smaller probability of causing
erroneous synchronizetion detection due to & bit shift
than the pattern shown in Figure 7A.

Figure 10 is a block diagram of an optical disk
device 100 for recording/reproducing data on/from the
optical disk l1la having the signal format described above.
Referring to Figure 10, the optical disk device 100
includes a spindle motor 7, a head 8, a preamplifier 9,
a modulation circuit 11, a laser driving circuit 14, a
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reproduction system 16, a system control 18, and a sexvo
gsystem 50. '

The spindle motor 7 rotates the optical disk la
at & predetermined number of revolutions. The head 8
incorporates a semiconductor laser, an aptical system, an
optical detector, and the like therein though these
components are not shown. Laser light emitted by the
semiconductor laser is converged by the optical system so
that a light spot having a predetermined power for
recording or raeproduction is formed on a recording
surface of the optical disk la to realize data record-
ing/reproduction. Reflected light £from the recording
surface is converged by the optical system and converted
into a current by the optical detector. The signal
current output from the head 8 is further converted into
a voltage and amplified by the preamplifier 9, so as to
be output as a reproduced signal 10.

The servo system 50 performs the rotational
control of the spindle motor 7, the phase control for
moving the head 8 in the radial direction of the optical
disk la, the focusing control for focusing the light spot
on the recording surface of the optical disk la, and the
tracking control for tracking the light spot along the
center of the track.

The modulation circuit 11 performs the (2,10)
modulation for 4input dJdata 12, and outputs modulated
data 13 to the laser driving circuit 14. During the
reproduction, the -iaser driving circuit 14 outputs a
laser driving signal 15 Eor driving the semiconductor
laser incorporated in the head 8 to emit light with the
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power for reproduction. During the recording, the laser
driving circuit 14 outputs the laser driving signél 15
for driving the semiconductor laser to emit light with
the power for recording so that the mark length recording
is performed on the data recording region 4 in accordance
with the supplied modulated data 13.

The reproduction system 16 reproduces various
data recorded on the header region 2 and the data record-
ing region 4 from the reproduced signal 10 supplied from
the preamplifier 9, and outputs the data as reproduced
data 17.

The system control 18 controls the operations of
the modulation circuit 11, the laser driving circuit 14,
the reproduction system 16, and the servo system 50 based
on the reproduced data 17 reproduced by the reproduction
system 16 and a user's configuration 19.

Figure 11 i1s a block diagram illustrating an
example of the internal construction of the reproduction
system 16. Hereinbelow, the method for reproducing
address information 40 recorded on the header region 2
from the reproduced signal 10 will be described. As
shown in Figure 11, the reproduction system 16 includes
a clock reproduction circuit 20, a binary circuit 21, a
VFO detection circuit 25, a reproduction permit cir-
cult 32, an addressg demodulation circuit 30, and a data
demodulation circuit 39.

The reproduced signal 10 received from the
preamplifier 9 is input *into the olock reproduction
circuit 20 and the binary circuit 21. The clock repro-
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duction circuit 20 includes a PLL for generating a
reproduction clock 22 synchronized with the reproduced
signal 10 in frequency and phase. The binary circuit 21
equalizes the waveform of the reproduced signal 10 as
required, to convert the signal into a binary pattern
composed of "1" and "0". The binary circuit 21 outputs
the converted pattern itself to the VFO detection cir-
cuit 25 as asynchronous binary data 23, and simultaneous-
ly synchronizes the converted binary pattern with the
reprdduction clock 22 supplied from the clock reproduc-
tion circuit 20 to output as synchronous binary data 24.
The synchronous binary data 24 is supplied to the address

demodulation circuit 30 and the data demodulation cir-

The VFO detection circuit 25 detects the sequen-
tial patterns recorded on the VFO regions VF0l, VF02,
VF03, and VF04 based on the asynchronous binary data 23,
and outputs a VFO detecfion pulse 26 if predetermined
sequential patterns are detected.

. Figure 123 illustrates an example of the internal
construction of the VFQ detection circuit 25. As shown
in Figure 12A, the VFO detection circuit 25 includes a
parallel conversion circuit 28, an oscillator 41, and a
VFO detection table 42. The paréllel'conversion cir-
cuit 28 receivea the asynchronous binary deta 23 and a
fixed clock 27 generated by the oscillator 41. The
parallel conversion circuit 28 latches the asynchronous
binary data 23 at the timing of the fixed clock 27 and
converts the asynchronous binary data 23 into parallel
data 29 corresponding to" continuous 32 clocks. The
converted parallel data 29 is input into the VFO detec-
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tion table 42.

The VFO detection table 42 is, for example,
composed of a table as shown in Figure 12B which provides
one-bit output from 32-bit input. The VFO detection
table 42 outputs the VFO detection pulse 26 of "1" if the
parallel data 29 sequentially input at the timing of the
fixed clock 27 is & pattern composed of four-time repeti-
tion of an 8-bit pattern, {11110000} or {00001111}, or a
pattern similar to this pattern. Otherwise, the VFO
detection pulse 26 is "0".

The first two lines of patterns in the VFO detec-
tion table shown in Figure 12B are detection patterns
which are obtained when the frequency of the fixed
clock 27 is substantially egqual to the frequency of the
reproduction clock and completely match with the 4-bit
long mark/space repetition pattern, i.e., the recording
pattern of the VFO region. The other patterns in the
third and subsequent lines are more or less different
from the recording pattern of the VFO region. These
patterns are provided so that patterns can be detected
even in the case where the amplitude of the reproduced
signal 10 varies or in the case where the frequency of
the fixed clock 27 and the freguency of the reproduction
clock become more or leasa different from each other due
to a rotational fluctuation of the optical disk 1la.

By using the VFO detection ocircuit 25 with the
above internal construction, the sgignals recorded on the
VFO region can be detected with the fixed clock 27
corresponding to the frequancy of a clock reproduced when
the optical disk la is rotating at a predetermined number
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In this example, the parallel data 29 correspond-
ing to 32 clocks are used for the detection of four
periods of the 4~bit long mark/space pattern. The number
of bits of the parallel data 29 is not limited to this
numbar. An optimal number of bits may be selected so
that an erroneous detection and an omission of detection
are minimized. The frequency of the fixed clock 27 is
not limited to the above-mentioned value. For example,
if the frequency of the fixed clock is made to correspond
to a quarter of the frequency of the reproduction clock,
the pattern, (10101010} or {01010101)} can be detected as
the VFO pattern.

The VFO detection circuit 25 is not limited to
the circuit having the internal construction shown in
Figure 12A. For example, since the sequential pattern
includes a specific frequency component, such a specific
frequency component may be detected directly from the
reproduced signal 10 to detect the sequential pattern.

The address demodulation circuit 30 detects the
address mark AM using the synchronous binary data 24 and
the reproduction clock 22, performs the (2,10) demodu-
lation for the modulated data recorded on the subsequent
address informetion regions ID1, ID2, ID3, and ID4, and’

detects an error in the demodulated data.

In this example, as described above, each header
region 2 is composed of four repeated address regions
each including the VFO reéion, the address mark AM, and
the address information region ID. Accordingly., when
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address information is successfully reproduced without an
error from two or more address information reglons among
the four address information regions Ibl, ID2, ID3, and
ID4, the reproduced values are output to the system
control 18 as the address information 40. The address
demodulation c¢ircuit 30 also gutputs & sector synchroni-
zation pulse 31 simultaneously' with the output of the
address information 40.

The four repeated recordings on the address
regions will now be described. The error rate for one
address is about 10™%. Assuming that the address informa-
tion is obtained (the address is readable) when at least
two address regions among the four address regions are
successfully reproduced, the probability of £failing to
obtain the address information is as follows.

s % (107%)® x (1 - 10%) + (102)* &t 4 x 10°°

wherein " .C," is the number of combinations of three from
four. Since one optical disk includes about 10° recording
gactors, the number of recording sectors in which an ad-
dregs i1s not readable in one optical disk is 10° x (4 x
107%) = 4, which is within an allowable range. Thus, in
this example, the number of recdrding gectors in which
addresses are not readable is substantially reduced to
less than 10. This facilitates the identification of
each recording with an extremely high probability. As a
result, each recording sector c¢an be identified by
reliably retrieving the address information from the
address regions of the header of each recording sector,
without the necessity of providing a sector mark SM for
identifying the header at the start ¢of the header.
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For comparison, ‘the conventional header 104
(Figure 2B) including three address regilons will be de-
scribed. Assuming that the address is readable (the
address information is obtained) when at least two
address regions among the three address regions are
successfully reproduced, the probability of failing to
obtain the address information is as follows.

3Gy %X (1072 x (1 - 10"%) + (10°2)* & 3 x 10™

wherein ".C," is the number of combinations of two from
three. Since one optical disk includes about 10° record-
ing sectors, the number of recording sectors in which an
address is not readable in one optical digk is 10° x (3
x 10™) = 300, which is too large to be allowable.

Returning to Figure 11, the reproduction permit
circuit 32 generates a clock reproduction permit sig-
nal 34 based on the VFO detection pulse 26 supplied from
the VFO detection circuit 25 and a reproduction gate sig-
nal 33 supplied from the system control 18, and outputs

" the signal to the clock reproduction circuit 20. The

clock reproduction circuit 20 generates the reproduction
clock 22 by synchronizing the incorporated PLL with the
phase of the reproduced signal 10 and outputs the repro-
duction clock to the binary circuit 21 only when the
input clock reproduction permit signal 34 is "1",

The reproduction permit circuit 32 also generates
an address reproduction permit signal 36 based on the VFO
detection pulse 26 and an address gate signal 35 from the
system control 18, and outputs the signal to the address
demodulation circuit 30. The address demodulation
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circuit 30 detects the address mark AM by identifying the
pattern of the address mark AM in the above-described

manner only when the input address reproduction permit
signal 36 is "1".

The reproduction permit cixcudt 32 further
generates a data reproduction permit signal 38 based on
the VFQ detection pulse 26 and a data gate signal 37 from
the system control 18, and outputs the signal to the data
demodulation circuit 39. The data demodulation cir-
cuit 39 demodulates recorded data read from the data
recording region 4 among the synchronous binary' data 24
and outputs the reproduced data 17 only. when the input
data reproduction permit signal 38 is “1v".

The system control 18 outputs the reproduction
gate signal 33, the address gate signal 35, and the data

- gate signal 37 at a timing in accordance with the infor-

mation format shown in Figures 6B and 5C (i.e., the
reproduced signal format) using the sector synchroniza-
tion pulse 31 supplied from the address demodulation ¢ir-
cuit 30 of the reproduction system 16 as the reference.
These signals' are supplied to the reproduction permit

circuit 32 of the reproduction system 16 as described
above (Figure 11).

Figure 13 illustrates exemplary waveforms of the
sector synchronization pulse 31, the reproduction gate
signal 33, the address gate signal 35, and the data gate
signal 37 to show the relationship between these signals,

Referring to Figure 13, the reproduced signal
format conforms to the information recording format shown
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in Figure 58B. The header region 2, the gap region 3, and
the data recording region 4 of a recording sector 1A are
called a header region 2@, a gap region 3a, and a data
recording region 4a. Likewise, the header region 2, the
gap region 3, and the data recording region 4 of a
recording sector 1B following the recording sector 1A are
called a header region 2b, a gap region 3b, and a data
recording region 4b.

In the recording sector 1A, when the address
information is correctly reproduced from the header
region 2a, the sector synchronization pulse 31 becones
*1" (high level) somewhere in the range from the end of
the header region 2a through the gap region 3a. The
reproduction gate signal 33 becomes "1" over the range at
least covering the data recording region 4a of the
recording section 1A and the header region 2b of the next
recording sector 1B, The address gate signal 35 becomes
"1l* over the range at lesst covering the header region 2b
of the next recording sector 1B. The data gate signal 37
becomes "1" over the range substantially covering the
data raecording region 4a of the recording sector 1lA.

The system control 18 may be constructed so as to
firat examine the contents of the address information 40
together with the sector synchronization pulse 31 and
determine whether or not the recording sectors 1A and 1B
have address information to be recorded or reproduced
before setting the respective gate signals to "1" in
accordance with the timing described above.

Figure 14 illustrgtes exemplary waveforms of the
VFO detection pulse 26,: the sector synchronization
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pulse 31, the reproduction gate signal 33, the clock
reproduction permit signal 34, the address gate sig-
nal 35, the address reproduction permit signal 36, the
data gate signal 37, and the data reproduction permit

signal 38, shown in correspondence with the signal
format.

Referring to Figure 14, it is assumed that an
information address i1s first correctly reproduced from
the recording sector 1A and that the data recording re-
gions 4a and 4b of the recording sectors 1A and 1B have
no data recorded thereon but a data recording region 4c
of a next recording sector 1C has data thereon. Also
assumed is that the beginning of the data recording re-
gion 4c includes a sequential pattern substantially equal
to that on the VFO region, which is composed of 4-bit
long marks and spaces appearing alternately.

The clock reproduction permit signal 34 is "1"
for a predetermined time period after the VFO detection
pulse 26 of "1" appears. The clock reproduction .permit
signal 34 is also "1" over the time period when the
reproduction gate signal 33 is "1". The above predeter-
minad time period is at least equal to the time period
required to read the address marks AM and the address
information regions ID1, ID2, ID3, and ID4 of the header
region 2. As a result, when the VFO detection pulse 26
becomes "1" for the respective VFO regions of the record-
ing sector 1A, the clock reproduction permit signal 34
remains "1" until at least the end of the header re-
gion 2a. When the address information has been correctly
reproduced in the recording sector 1A and the sector
synchronization pulge 31 is output, the clock reproduc-
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tion permit signal 34 becomes "1" for the header re-
gion 2b of the next recording sector 1B without fail.
Likewlse, when the address information has been correctly
reproduced in the recording sector 1B and the sector
synchronization pulse 31 is output, the clock reproduc-
tion permit signal 34 becomes "1" for the header re-
gion 2¢ of the next recording sector 1C without fail.

The address reproduction permit signal 36 is "1"
for a predetermined time period after the VFO detection
pulse 26 becomes "1" and for a time period when the
addregs gate.signal 35 ig "1". The above predetermined
time period is set to at least equal to the total time
period required to read information from the address
marks AM and the address information regions ID1, ID2,
ID3, and ID4. As a result, when the VFO detection pulse
becomes "1" for the respective VFO regions of the record-
ing sector 1A, the addresa reproduction permit signal 36
remains "1" until at least the end of the header re-
gion 2a. When the address information has been correctly
reproduced in the recording sector 1A and the sector
synchronization pulse 31 is output, the address reproduc-
tion permit signal 36 becomes "1'" for the header re-
gion 2b of the next recording sector 1B without fail.
Likewise, when the address information has been correctly
reproduced in the recording sector 1B and the sector
synchronization pulse 31 is ocutput, the address reproduc-
tion permit signal 36 becomes "1" for the header re-
gion 2c of the next recording sector 1C without fail.

The data reproduction permit signal 38 becomes
"l" 1f <the data gate sfgnal 37 is "1" when the VFO
detection pulse 26 rises to "1", and remains "1" until
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the data gate signal 37 becomes "0". The data reproduc-
tion permit signal 38 remains “0" if the data gate
signal 37 is "0" when the VFO detection pulse 26 rises to
“]"_ As a result, since the VFO detection pulse 26 does
not become “1“ for the date recording regions 4a and 4b
where no data has been recorded, the data reproduction
permit signal 38 remains "0". For the data recording
region 4¢c where data has been recorded, the VFO detection
pulse becomes "1" at the header portion thereof. Accord-
ingly, the date reproduction permit signal 38 becomes "1"
at a predetermined timing.

Thus, by using the VFO detection circuit 25 and
the reproduction permit circuit 32, the clock reproduc-
tion and the reproduction of the address information are
permitted in the header region 2 so that the clock signal
and the address information can be read. As described
above, the sector synchronization pulse 31 is output
after the address information is reproduced from the
header reﬁion 2 (see Figure 13). According to the
present invention, therefore, the address information of
the recording sector can be read even in the state where

the time reference by the sector synchronization pulse 31
is not available.

Also, by using the system control 18, the address
demodulation circuit 30, and the reproduction permit
circuit 32, once address information has been reproduced
from one recording sector (e.g., the recording sector 1A)
without an error, the clock reproduction and the repro-
duction of the address information in the header region 2
is permitted for the recfbrding gsector 1A and the next
recording sector 1B, and the clock reproduction and the
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reproduction of the data in tha corresponding data
recording regions 4 are permitted. Accordingly, once
address information has been reproduced f£rom one record-
ing sector, the address information and the data can ba
read in a more secured manner using the sector synchroni-
zation pulse 31 as the reference.

In the above example, the system control 18
generates three types of gate signals using the sector
synchronization pulse 31, while the reproduction permit
circuit 32 generates three types of permit signals using
the VFO detection pulse 26 and the three types of gate
signals. Alternatively, the system control 18 may have
the function of the reproduction permit circuit 32 so
that the system control 18 can directly generate the
three types of permit signals.

Figure 15 is a flowchart showing an example of a
process performed when, after the switching-on of the
optical disk device 100 (Figure 10), the system cont-
rol 18 outputs the clock reproduction permit signal 34
and the address reproduction permit signal 36 using the

VFO . detection pulse 26 and the sector synchronization
pulse 31.

When the optical disk device 100 is switched on,
the system control 18 first performs a boosting process-
ing (step 1). The boosting processing includes the
control of the rotation of the spindle motor 7 by the
servo system 50, the control of the movement of the
head 8, the control of the power of the semiconductor
laser of the head B, the f’ocusing control of the optical
system, the tracking ocontrol, and the like. In the
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boosting processing, both the clock reproduction permit
signal 34 and the address reproduction permit signal 36
are reset to "0".

Once the head 8 is positioned above a predeter-
mined track of the optical disk la by tracking, the VFO
region is detected in the manner described above
(step 2). When the "1" level of the VFO detection pulse
is detected, the clock reproduction permit signal 34 is
set at "1" (step 3). Subseguently, the address reproduc-
tion permit signal 36 is set at "1" (step 4). After the
lapse of a predetermined time period, the address repro-
duction permit signal 36 and the clock reproduction
permit signal 34 are reset to "0" again (step 5), and the
sector synchronization pulse 31 is detected {step 6).

The sector synchronization pulse 31 becomes "1"
when the address demodulation circuit 30 reads address
information correctly. In synchronization with this
pulse signal, the address information 40 output from the
address demodulation circuit 30 is read, so as to deter-
mine whether or not it indicates a target recording
sector (step 7). If the read address information 40
indicates the target recording sector, the process
proceeds to the control for recording/reproduction
(step 8). If the read address information 40 does not
indicate the target recording sector, the process pro-
ceads to the seek control (step 9).

If the address demodulation circuit 30 fails to
read the address information, the sector synchronization
pulse 31 will not become"1" for a predetermined time
period at step 6. 1In such a case, the process returns to
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step 2 for the VFO detection.

With the process along the flow described above,
the clock reproduction perni:l.t signal 34 and the address
reproduction permit signal 36 are generated at the timing
as shown in Figure 14. Thus, smooth reading of address
information is possible even in tha state observed bafore
address information is reproduced immediately after the
switching-on of the device, where the time reference by
the sector synchronization pulse 31 has not yet been
provided.

Figure 16 is a flowchart showing an example of a
process performed by the system control 1B for switching
the processing mode between the initial mode and the
normal mode. The initial mode as used herein corresponds
to the time period from the switching-on of the device or
& track jump to perform a seek and the like until the
address information is first reproduced. The normal mode
corresponds to the time period after a predetermined

address information has been read until a next track jump
is generated.

Referring to Figure 16, the processings from
step 1 through step 9 are the same as corresponding
processings in Figure 15. The description thereof is
therefore omitted here.

As shown in Figure 16, at step 10, whether the
mode 1is the initial mode or the normal mode is deter-
mined. When the address information has been correctly
read and recording/reprodiction at the target recording
sector has been performed in the preceding processings,
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the mode is determined to be the normal mode. The mode
is determined to be the initial mode after the boosting
processing (step 1), after the reading of the address
information i1s unsuccessful at step 6, or after tha
address information which has been successfully read is

- determined not to be the target recording sector at

step 7 and the seek control is performed (step 9).

In the normal mode, the VFO detection processing
(step 2) is not performed, but the processings of
steps 3, 4, and 5 are performed using the timing at which
the sector synchronization pulse 31 becomes "1" as the
reference. In the initial mode, the VFO detection
processing (step 2) is first performed, followed by the
processings of steps 3, 4, and 5 using the timing at
which the VFO detectiaon pulse 26 becomes "1" as ‘the
reference.

With the above processings, address information
can be read smoothly after the switching-on of the device
or after a track jump, and, after the reproduction of the
address information, the address information and the data
can be read in a more ensuring manner using the sector
synchronization pulse 31 as the reference.

Thus, - in the first example, the method for
recording/reproducing data on/from the optical disk la
having the signal format shown in Figures 5B and 5C by
use of the optical disk device 100 having the block
construction shown in Figure 10, especially, the method
for reading address information, was described.

In the first example, the (2, 10) modulation code
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is used as the modulation code for the address informa-
tion regions ID of the header region 2 and the data
recording region 4. It will be appreclated, however,
that the modulation code is not restricted to the above,
and any type of run leéngth limit code having a fixed
maximum inversion interval may be used. The pattern of
the address mark AM may be determined so that the above
conditions for the maximum inversion interval T, are
satisfied.

In the first example, the information recorded on
the VFO regions has been described to be a pattern
composed of sequential 4-bit long marks/spaces shown in
Figure 6. It is appreciated, however, that the pattern
for the VFO regions is not restricted to this pattern,
and any pattern may be used in which the length of each
mark or space is equal to or more than the minimum
inversion interval T,, and less than the maximum inver-
gion interval T,, of the modulation code (run length
limit code) used for the recording on the address infor-
mation region ID. As described above, however, since a
shorter mark/space pattern having a length closer to the
minimum inversion interval T, is more preferable since
the number of repetition periods per unit length is
larger and thus a fagter clock reproduction is obtained.

In this example, the patterns shown in Figures 7a
to 7C, Figures 8A to 8D, and Figure 9 were described as
examples of the address marks BM, The patterns of the
address marks AM are not restricted to these patterns.
The detection of the address marks RM is possible if the
pattern includes two repetitions of a pattern having a
length of 3 or more bits added to the maximum inversion
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interval T, of the modulation code (run length limit
code) used for the recording of the address information
regions ID.

In this example, the header region 2 is composed
of four address regions. The header region 2 is not
restricted to thia construction. '~ For example, the
reproduction of address information is possible by the
construction of the header region which includes only one
address region., However, the religbility of the reading
of the address information can be improved by forming a
plurality of address regions ID where substantially the
same address information is stored. As described above,
in consideration of the error rate for the address
information and the allowance of the number of unrecog-
nizable recording sectors, it is preferable to form four
or more address regions for one header region 2. Fur-
thermore, in view of the practical allowance and the
maximum securement of the data recording regions 4, it is
more preferable for the header to include four address
regions ID as described in the first example.

(Example 2)

Figure 17A is a view illustrating a format of a
recording sector 51 of an optical disk of the second
example according to the present invention. As shown in
Figure 17A, the recording sector 51 starts with a header
region 52 where addressing information for reading
address information is prerecorded. A gap region 53, a
data recording region 54, a postamble PAO, and a buffer

region 55 respectively follow the header region 52 in
this order. k
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The gap region 53 has no data recorded thereon,
but is used for power control of a semiconductor laser
used for data recording/reproduction and the like, for
example. The data recording region 54 is used to record
user data. Redundant data such as an error correction
code is added to the user data, to form digital data.
The digital data is modulated using a run length limit
code generated by use of a state machine.. The modulated
data is recorded on the data recording region 54 using
the mark length recording. This run length limit code is
called a state modulation coda. The postamble PAO
follows the end of the data recording region 54. The
pattern of the postamble PAO is determined based on the
modulation results of the data recording region 54. The
buffer raéion 55 is provided to absorb a rotational shift
of the optical disk and the like. In the header re-
gion 52, information may be recorded as pits in a concave
and convex shape on the recording surface, or as marks
optically recorded in substantially the same manner as
that used in the recording on the data recording regiom.

As shown in Figure 17B, the header region 52 is
divided into four address regions 56a, B6b, 56c, and 56d.
Each of the address regions includes a VFO region, an
address mark AM, an address information region ID, and a
postamble PA. For -example, the address region 56a
includes a VFO region VFO1, an address mark AM, an
addresas information region IDL, and a postamble PAl,
while the addreass region 56b includes a VFO region VFO2,
an address mark AM, an address information region ID2,
and a postamble PA2, The address information re-
gions IDP1l, ID2, ID3, and ID4 will hereinafter be collec-—
tively referred to as the .address information region ID,
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Also, the postambles PAl, PA2, PA3, and PA4 will herein-
after be collectively referred to as the postamble PA.

In this example, as in the first example, no
sector mark is recorded on each header region 52, but the
four address regions similar to one another, each com-
posed of the VFO region, the address mark AM, the address

information region ID, and the postamble PA, are recorded
sequentially,

The VFO regions VF0l, VF02, VF03, and VF04 are
used s0 that an optical disk device can obtain clock
reproduction from a reproduced signal. As in the first
example, each VFO region has a sequential pattern that
includes marks and spaces of a fixed length (e.g., 4-bit
length) appearing alternately, for example. The VFO
regions may have the same length or different lengths.
For example, if the head VFO region VF01l is made longer
than the other VFO regions, stable clock reproduction is
obtained at the beginning of the header region 52.

Each address mark AM is provided so that the
optical disk device can identify the position of the
subsequent addresg information region ID. For example,
like the address mark AM used in the first example, a
pattern including two repetitions of a pattern having a
length of 3 bits added to the maximum inversion inter-
val T,.. of the state modhlation code is recorded.

On the address information iegion ID, digital
data composed of data including address information such
as the track number and the sector number with a prede-
termined error detection code added thereto are recorded
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using the mark length recording, after the digital data
are modulated using the state modulation code.

Figures 18A to 18C are conceptual views for
explaining the modulation method and the demodulation
method of the state modulation code used in this example.
The state modulation code is a modulation code which
converts an 8-bit binary data unit into a 16-bit code
sequence. A 16~bit output code sequence Y, for an B-bit
input data D, at & time t is determined based on a
state 8, at the time t. Figure 183 shows an exemplary
construction of a state modulation circuit 60. As shown
in Figure 18A, the state modulation c¢ircuit 60 includes
& conversion table 56 and a D flipflop 57. The data D,
and the state 8§, at the time t are input into the conver-
sion table 56, and the code sequence Y, and a state B,,, at
a next time t+1 (hereinafter, referred to as & next
state) are output therefrom. The next state 8, output
from the conversion table 56 is input into the D
flipflop 57 to be used for the next modulation.

Figure 18B shows part of the content of the
conversion table 56. The state §, at the time t includes
a total of four states from St=1 to 4, and different code
sagquences Y, are allocated to the respective étates. The
atate 8, and the data D, at the time t determine the next
atate 8¢;. The 16-bit sequences allocated as the output
code sequences Y, in the table are all the run length
limit codes where the zero run is limited to the range of
2 to 10. Moreover, the next state 8, has been deter-
mined so that the zero run is still limited to the range

of 2 to 10 when the sequences at the two sequential times
are connected.
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Among the 16-bit sequences allocated in the table
as the output code sequences ¥Y,, those of which next

gtate 8¢y 12 1 or 2 are determined so that the last zero
run thereof is 5 or less.

There is a case where the same output sequence Y,
is allocated to different input data units Dy, like pat-
terns pl and p2 shown by the underlines in the table. In
such a case, the next states for these output segquences
are determined to be either state 2 or state 3 so as to
be different from each other. In this case, for example,
the pattern pl has the next state 2, while the pattern p2
has the next state 3. Except for such a case, no double
allocation of the same output sequence Y, will be found.

The code sequences Y, allocated to state 2 and
state 3 have the following featuras. The output se-
gquence Y, allocated to state 2 has "0O"s at the first and
thirteenth bits from left. The output sequence ¥,
allocated to state 3 has "1"s at either the first bit or
the thirteenth bit from left._

In the demodulation of the state modulation code,
the 16-bit code sequence ¥, must be converted into an 8-
bit binary data unit. Figure 1BC is a block diagram for
explaining the construction of a demodulation circuit 61.
In the demodulation circuit 61, the 16-bit code se-
guence ¥, at a time t and a first bit ¥¢;; and a thir-
teenth bit ¥Y,,;,3 ©of a code sequence ¥,,, at & next
time t+1, i1.e., 2 total of 18 bits, are input into an
inverse conversion table 58. The output from the inverse

‘conversion table 58 .at the' time t is an 8~bit binary data

unit D,.



10

15

20

25

30

- 51 -

‘The inverse conversion table 58 shown in Fig-
ure 18B basically corresponds to an inverse view of the
conversion table 56. For patterns which have not been
allocated double among the code sequences ¥,, the binary
data unit D, as the demodulation result thereof is unique-
ly determined.

For a pattern which has been allocated double,

. like the pattern pl and p2 in state 1 shown in Fig-

ure 188, the binary data unit D, thereof cannot be
uniquely determined. However, as described above, such
a double allocation of the game code sequence Y, is
limited to the case where the next state thereof is
state 2 or sgtate 3. Accordingly, by recognizing the
difference between the code seguences of state Z and
state 3, the original binary data unit D; can be uniquely
determined. In other words, the binary data unit D, is
unigquely determined by observing the first and thirteenth
bits of the code seguence at the time t+l1 which is the
code sequence determined by the next state at the time t
during the modulation.

In the address information region ID, data
including the address information modulated in the
modulation method as described above is recorded using
the mark length recording.

The postamble PAQ shown in Figure 17A indicates
the end of the data recording region 54, and has a
pattern determined based on the modulated results of the
data recording region 54.

%

T™he postambles PAl, PA2, PA3, and PA4 shown in
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Figufe 17B indicate the ends of the address regions 356a
to 56d, respectively, and have patterns determined based
on the modulation results of the corresponding address
information regions ID1, ID2, ID3, and ID4 recorded
immediately before the postamblaes.

Figures 19A and 19B show examples of patterns of
the postambles. The next state shown in Figures 19A and
19B indicates the next state obtained when the immediate-
ly preceding data unit has been modulated. In other
words, for the postamble PRO, it indicates the next state
obtained when the end data of the data recording re-
gion 54 has been modulated. For the postambles PAl, PAZ,
PA3, and PA4, it indicates the next states obtained when
the end data of the address information regions ID1, ID2,
ID3, and ID4 have been modulated. In the case where the
next state is state 1 or state 2, a pattern p3 shown in
Figure 192 is selected as the postamble. In the case
where the next state is state 3 or state 4, a pattern p4
shoyn in Figure 19B is selected as the postamble. The
selected postambles are recorded using the mark length
recording.

When the pattern p3 follows any of the coda
saequences where the next state is state 1 or state 2, the
zero run is still limited to the range of 2 to 10 at the
coupling portion. When the pattern p4 follows any of the
code sequences where the next state is state 3 or
state 4, the zero run is still limited to the range of 2
to 10 at the coupling portion. Therefore, the run length
limit will not be broken by adding the postamble. The
first and thirteenth bits bf the pattern p3 are both "0,
while the first bit of the pattern p4 is “1".
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By using the patterns p? end pd4d as the
postambles, patterns recorded at the end of the data
recording region 54 and the address information re-
glions ID1, ID2, ID3, and ID4 can be uniquely demodulated.

As another feature, the second, twelfth, and
fourteehth bilts of the pattern p3 which are bits adjacent
to the specific bits for identifying the state (the first
and thirteenth bits) are all "Q", This prevents the
state from being mistakenly modulated by recognizing the
thirteenth bit as "1" due to a bit shift and the like.

(Example 3)

Figure 20A schematically illustrates an optical
disk 201la of the third example according to the present
invention. Referring to Figure 20A, the optical
disk 20la has tracks 201b formed on the surface thereof
in a spiral shape. Each track 201b is divided into
recording sectors 20l1lc in accordance with a predetermined
physical format. As shown in Figure 20A, the recording
sectors 201c are sequentially arranged in the
cirqumferential direction to form one track 201b.

Figufe 208 illustrates a format of each recording
sector 20lc¢c of the optical disk 20la of the third example
according to the present invention. Referring to Fig-
ure 20B, the recording sector 20lc starts with a header
region 202 where addressing information for reading
address information is prerecorded. A gap region 203, a
data recording region 204, and a buffer region 205 follow
the header region 202 in this order. The gap region 203
has no data recorded théreon, but is used for power
control ©of a semiconductor laser used for data record-
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ing/reproduction and the like. The data recording
region 204 is used to record user data. Redundant data
such as an error correction code is added to the user
data, to form digital data. The digital data is modulat-
ed using & run length limit code where the zero run is
limited to the range of 2 to 10, i.e., a (2,10) modula-
tion code. The modulated data is recorded on the data
recording region 204 using the mark length recording.
The buffer region 205 is provided to absorb a rotational
shift of the opticel disk and the like. In the header
region 202, information may be recorded as pits in a
concave and convex shape on the recording surface, or as
marks optically reéorded in substantially the same manner

as that used in the recording on the data recording
region,

As shown in Figure 20C, the header region 202 is
divided into four address regions 206a, 206b, 206c, and
206d. Each of the address regions includes a VFO region,
an address mark AM, an address information region ID, and
a postamble PA. For example, the address region 206a in-
cludes a VFO regilon VF0l, an address mark AM, an address
information region ID1l, and a postamble PAl, while the
address region 206b includes a VFO region VF02, an
address mark AM, an address information region ID2, and
a postamble PA2., The address information regions ID1,
ID2, ID3, and ID4 are hereinafter collectively referred
to as the address information region ID, Also, the
postambles PAl, PA2, PA3, and PA4 are hereinafter collec-
tively referred to as the postamble PA.

In this example, ‘as in the above examples, no
sector mark is recorded on each header region 202, but
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the four address regions, each composed of the VFO
region, the address mark AM, the address information re-
gion ID, and the postamble PA, are recorded sequentially.

The. VFO regions VFOl, VvF02, VvF03, and VF04 are
used s=o that an optical disk device can obtain clock
reproduction f£from a reproduced signal. As in the first
example, for example, each VFO region has such a sequen-
tial pattern that includes marks and spaces of a fixed
length (e.g., 4-bit length) appearing alternately. The
VFO regions may have the same 1length or different
lengths. For example, if the head VFO region VF01l is
made longer than the other VFO regiong, stable clock
reproduction is obtained at the beginning of the header
region 202. '

Each address mark aM is provided so that the
optical disk device can identify the position of the
subsequent address information region. For example, as
in the address mark AM used in the first example, a
pattern including twice repetition of a pattern having a
length of 3 bits added to the maximum inversion inter-

val T,, of the modulation code (run length limit code) is
recorded.

On the address information region ID, digital
data composed of data including address information such
as the track number and the sector number with a prede-
termined error detection code added thereto are recorded
using the mark length recording, after the digital data
is modulated using the state modulation code.

a
s

Figure 21A shows an arrangement of the address
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reglons of the header region 202 recorded on the record-
ing surface of the optical disk of this example. As
shown in Figure 21A, in the optical disk, information is
recorded on both groove tracks and land tracks. The
reference numerals 210 and 212 denote the groove tracks,
while the reference numeral 211 denotes the land track.
Address regions 213 to 220 are formed so as to override
the adjacent groove tracks and land tracks. The address
regions 213 and 217 correspond to the address re-
gion 206a. The address regions 214 and 218 correspond to
the address region 206b. The address regions 215 and 219
correspond to the address region 206c¢. The address
regions 216 and 220 correspond to the address re-
gion 206d. The distance between the center line of the
land track and the center line of the groove track is a
track pitch Tp. Each address region is displaced from
the centerline of the track by T, /2 towaré inside or
outside of the disk. For example, the address re-
gions 213 to 216 are alternately arranged on both sides
of the groove track 210 with respect to the centerline
thereof. The reference numeral 207 denotes-a light spot.
During the reproduction, address information is read from
the address regions 213 to 216 along the groove
track 210, and from the address regions 217, 214, 219,
and 216 along the land track 211, By arranging - the
address regions in the above manner, it is possible to
read the address information from both the land tracks
and the groove tracks.

Hereinbelow, a method for forming a prototype for
producing a stamper used for the fabrication of a disk
substrate having convex-ghaped groove tracks and the
address regions as concave and convex shaped pits de-
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scribed above will be described. The tracks and the
address regions are formed by irradiating the rotating
disk prototype with laser light for cutting. By continu-
ous radiation of laser light, the groove track having one
continuous groove is formed. By intermittent ON/OFF
radiation of laser light, portions irradiated with laser
light are formed as marks (pit data) in the address
regions. The other portions which have not been irradi-
ated with the laser light are left as spaces (non-pit
data). For example, a predetermined pattern as described
in the above examples is recorded by a combination of the
marke and the spaces. In this example, the address
regions are arranged to be displaced inside and outside
the center of the track (wobbling arrangement). Accord-
ingly, the ON/OFF radiation of laser light is performed
by shifting the center of the laser light for cutting in
the radial direction by a predetermined amount T,/2 for
every address region. Incidentally, at the production of
the disk prototype, the cutting is performed from. the
surface opposite the surface which is to be the recording
surface at the reproduction operation. Therefore, the
concave and convex portions of the pits and the grooves
at the production of the disk prototype are reverse to

those as are viewed from the reproduction head at “the
reading operation.

Figure 218 shows another arrangement of the
address regions of the header region 202 recorded on the
recording surface of the optical disk of this example.
In the optical disk shown in Figure 218, information is
recorded on both groove tracks and land tracks. The
reference numerals 210 and 212 denote the groove tracks,
while the reference numeral 211 denotes the land track.
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Address regions 213 to 220 are formed so as to override
the adjacent groove tracks and land tracks. The address
regions 213 and 217 correspond to the address re-
gion 206a. The address regions 214 and 218 correspond to
the address region 206b. The address reglons 215 and 219
correspond to the address region 206¢. The address
regions 216 and 220 correspond to the address zre-
gion 206d. The distance between the centerline of the
land track and the centerline of the groove track is a
track pitch Tp. The two preceding address regions (213,
214, 217, 218) are displaced outside the centerlines 230
of the groove tracks by T,/2. The two subsequent address
regions (215, 216, 219, 220) are displaced inside the
centerlines 230 of the groove tracks by Tp/2. The
reference numeral 207 denotes a light spot. During the
reproduction, address information i1is read from the
address regions 213 to 216 along the groove track 210,
and from the address regions 217, 218, 215, and 216 along
the land track 211.

By arranging the address regions in the above
manner, it is possible to read the address information
from both the land tracks and the groove tracks.

Moreover, since every two address regions as 8
unit are alternately displaced inside and outside of the
disk, the number of times at which the ceﬁter of the
laser light for cutting is shifted in the radial direc-
tion by T,/2 during the production of the disk prototype
reduces, compared with the arrangement shown in Fig-

ure 21A, facilitating the cutting of the prototype of the
optical disk. "
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During the production of the prototype of the
optical disk, as shown in Figure 21A (Figure 21B), the

groove 210 and the address regions 213, 214, 215, and 216

along the groove are first formed. Thereafter, after one
rotation of the digsk prototype, the groove 212 and the
address regions 217, 218, 219, and 220 along the groove
are formed. At this time, due to a variation in the
rotational precision of the disk prototype and the like,
the position of the address region 213 and the position
of the address region 217 which corresponds thereto along
the radial direction of the optical disk do not necessar-
ily match with each other in the circumferential direc-
tion. If the ends of the address regions 213 and 217 are
displaced by AX as shown in Figure 21A (Figure 21B), the
end of the address region 217 (218) and the beginning of
the address region 214 (215) overlap with each other by
AX when data on the land track 211 is reproduced. This
may results in failure to reproduce address information
correctly.

To overcome this problem, as shown in Figure 21C,
it I8 arranged so that no mark is recorded but a space is
provided at the end of each address region and further-
more a space (AX1l) longer than the rotational precision
(AX) at the cutting of the disk prototype is provided at
the beginning of the next address region.

For example, the rotational precision at the
cutting of the disk prototype i1s about 20 ns/revolution
when the number of revolutions of the disk prototype is
700 rpm. Accordingly, in the case of an optical disk
having a diameter of 120 mm, the value of AX is about
0.1 ym at meximum when converted into a length.
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The operation in the above case will be de-
ascribed. |

Figures 22A and 22B schematically illustrate the
coupling portion of the two address regions 213 (214) and
214 (215). In the data sequénces of the address reglons
shown in Figures 22A and 22B, the end (the final pattern)
of the address region 213 (214) includes a mark, and the
head pattern of the subsequent address region 214 (215)
also includes a mark. Figure 22A shows an ideal mark
shape expected for such a data arrangement. In other
words, the mark at the end of the address region 213
(214) and the mark at the beginning of the address
region 214 (215) have a predetermined length and are
formed at a center position of the respective address
regions, In reality, however, when address pits are
formed while shifting laser light for each address region
in the cutting process of the disk prototype, 1if the
marks consecutively appear in the coupling portion of the
address region 213 (214) and the next address region 214
(215), the laser continues to emit laser light for
cutting while shifting in the radial direction. Accord-
ingly, in reality, the mark at the end of the address
region 213 (214) and the mark at the beginning of the
address region 214 (215) are consecutively formed as
shown in Figure 22B, forming an incorrect mark overriding
the two address regions. As a result, correct data
reproduction becomes difficult.

Figure 23A and 23B illustrate the reading opera-

tion when a light spot 207 reproduces data from the land
track 211. :
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Figure 23A illustrates the case where the mark
arrangement in the coupling portion of two adjacent
address regions is not specifically considered. As shown
in Figure 23A, when the adjacent address regions 214
(215) and 217 (218) spatially overlap by a cutting preci-
sion AX, date xead from the two address regions temporal-
ly overlap by an amount corresponding to AX. While the
end of the address region 217 (218) includes a space, the
beginning of the address region 214 (215) includes a
mark. As shown in Figure 23A, when the space at the end
of the address region 217 (218) is overlapped by the mark
at the beginning of the address region 214 (215), the end
of the address region 217 (218) is regarded as having the

mark. This causes a data error at the address region 217
(218).

Figure 23B illustrates a data arrangement accord-
ing to the present invention for overcoming the above
problem. As shown in Figure 23B, spaces are arranged at
the end and the beginning of the adjacent address re-

'gions. With this arrangement, even if the space at the

end of the address region 217 (218) is overlapped by the
space at the beginning of the addresa region 214 (215),
the overlapping portion is still a space, generating no
data error on the address region 217 (218). This may
result in failing to read correctly the length of the
space at the beginning of the address region 214 (215).
Howaver, the beginning of each address region includes
the VFO region .and, generally, it is not necessarily
reqix:i.red to read all data on the VFO region, Moreover,
no problem arises in the reading operation of the address
region as far as the synchronization of the address
region is recovered by the address mark AM following the
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VFO region so that the address information can be cor-
rectly recognized.

Also, at the cutting of the disk prototype, e
space is always arranged between adjacent address reglons
to prevent marks from being continuously formed. Accord-
ingly, the continuous radiation of laser light whila
shifting in the radial direction is prevented. Accord-
ingly, the formation of a defect mark as shown in Fig-
ure 22B is prevénted.

Thus, by arranging spades at the head and the end
of each address region as shown in F:l.gur 23B, the
failure in mark formation at the cutting of the disk
prototype and the erroneous data reading due to the
overlap of the address regions at the data reproduction
from the address regions in the case 0f the wobbling
arrangement of the address regions can be prevented.

Hereinbelow, the case of applying the mark
arrangement of the postamble PA in this example to the
data arrangement using the state modulating code de-
scribed in Example 2 (Figures 18A and 18B) will be
described. Figures 24A to 24D illustrate exemplary mark
arrangements of the postamble PA in the case of using the
state modulation code. 1In Figures 24A to 24D, the next
state indicates the next state obtained when the immedi-
ately preceding data has been modulated, in other words,
the next state obtained when the data at the end of the
corresponding address information region ID has been
modulated.

Figure 24A shows the case where the next state is
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elther state 1 or state 2 (see Figure 18B) and the end of
the address information region ID is a mark 240. In this
case, a pattern p5 as shown in Figure 24A,
{0010010010000000}, is selacted and recorded using the
mark length recording. As described in Example 2, since
the last zZero run in the code sequence of which next
state is either state 1 or state 2 is 5 or less, when any
of the code sequences of which next state is either
state 1 or state 2 is coupled with the pattern p5, the
zero run at the coupling portion is still limited to the
range of 2 to 10. The first and thirteenth bits of the
pattern p5 are both "0". Also, by selecting the pat-
tern p5, the end of the postamble PA, i.e., the end of
the address region is always a space.

Accordingly, since both the head and the end of
each address region are spaces, the failure in mark
formation at the cutting of the disk prototype and the
erroneous data reading due to the overlap of address
reglons at the data reproduction of the address regions
in the case of the wobbling arrangement of the address
regions may be prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the coupling portion of the adja-
cent address regions always includes a 1ll-bit long space
which is the maximum inversion interval. This makes it
possible to increase the time for the movement of a laser
beam at the cutting while the limit of the zero run of
the run length limit code ‘is maintained.
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Ags a further feature of the pattern phd, the
second, twelfth, and fourteenth bits which are bits
adjacent to the specific bits for identifying the state
(the first and thirteenth "0" bits) are all "0". This
prevents the state from being mistakenly modulated by
recognizing the thirteenth bit as "1" due to a bit shift.
and the like.

The pattern of the postamble PA is not limited to
the pattern pb shown in this example. Any pattern can be
used as far as the number of zeros in the =zerc run
satigfies the limit of the run length limit code used for
the address information region ID, the state information
is 1 or 2, the pattern is different from that of the

address mark 8M, and the pattern includes an odd number
Of "1“8-

Figure 24B illustrates the case where the next
state is either state 1 or state 2 (see Figure 18B) and
the end of the address information region ID is a space.
In this case, a pattern p6 as shown in Figure 24B,
{0000010010000000}, is selected and recorded using the
mark length recording. When any of the code sequences of
which next state is either atate 1 or state 2 is coupled
with the pattern p6, the zero run at the coupling portion
is still limited to the range of 2 to 10, The first and
thirteenth bits of the pattern p6 are both "0". Also, by
gelecting the pattern p6, the end of the postamble PA,
i.e., the end of the address region is a space. Accord-
ingly, both the head and the end of sach address region
are spaces. Therefore, the failure in mark formation at
the cutting of the disk pfbtotype and the erroneous data
reading due to the overlap of address regions at the data
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reproduction of the address regions in the case of the
wobbling arrangement of the address regions may be
prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000. ..}, the coupling portion of the adja-
cent address regions always includes a 1l1-bit long space
which is the maximum inversion interval. This makes it
possible to increase the time for the movement of a laser
beam at the cutting while the limit of the zero run of
the run length limit code is maintained.

As a further feature of the pattern p6, the
second, twelfth, and fourteenth bits which are bits
adjacent to the specific bits for identifying the state
(the first and thirteenth "0" bits) are all "0". This
prevents the state from being mistakenly modulated by
mistakenly recognizing the thirteenth bit as "1" due to
a bit shift and the like.

The pattern of the postamble PA is not limited to
the pattern p6 shown in this example. Any pattern can be

.used as far as the number of zeros in the zero run

satisfies the limit of the run length limit code used for
the address information region ID, the state information
is 1 or 2, the pattern is different from that of the

address mark AM, and the pattern includes an even number
of "1"s.

Figure 24C shows the case where the next state is
either state 3 or state 4 (see Figure 18B) and the end of
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the address informetion region ID is the mark 240. 1In
this case, a pattern p7 as shown i1in Figure 24C,
{1000010010000000}, is selected and recorded using the
mark length recording. When any of the code sequences of
which next state is either state 3 or state 4 is coupled
with the pattern p7, the zero run at the coupling portion
igs still limited to the range of 2 to 10. The first bit
of the pattern p7 is "1". Also, by selecting the pat-
tern p7, the end of the postamble PA, i.e., the end of
the address region is always a space. Accordingly, both
the head and the end of each address region are spaces.

Therefore, the failure in mark formation at the
cutting of the disk prototype and the erroneous data
reading due to the overlap of address regions at the data
reproduction of the address regions in the case of the

wobhling arrangement of the address regions may be
prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of sach address region
at a sequential pattern gignal starting with
{000100010001000...}, the coupling portion of the adja-
cent address regions always includes a 1ll-bit long space
which is the maximum inversion interval. This makes it
possible t0 increase the time for the movement of a laser
beam at the cutting while the limit of the zero run of
the run length limit code is maintained.

The pattern of the postamble PA is not limited to
the pattern p7 shown in this example. Any pattern can be
used as far as the number of zeros in the zero run
satiefies the limit of the run length limit code used for
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the address information region ID, the state information
is 3 or 4, the pattern is different from that of the

address mark BM, and the pattern includes an odd number
Of "1“9.

Figure 24D shows the case where the next state is
either state 3 or state 4 (see Figure 18B) and the end of
the address information region ID is a space. In this
case, a pattern p8 as shown in Figure 24D,
{1000000010000000}, is selected and recorded using the
mark length recording. When any of the code sequences of
which next state is either state 3 or state 4 is coupled
with the pattern p8, the zero run at the coupling portion
is still limited to the range of 2 to 10. The first bit
of the pattern pB8 is "1". Aalso, by selecting the pat-
tern p8, the end of the postamble PA, i.e., the end of
the address region is always a space. Accordingly, both
the head and the end of each address region are spaces.
Therefore, the failure in mark formation at the cutting
of the disk prototype and the erroneous data reading due
to the overlap of address reglions at the data reproduc-
tion of the address regions in the case of the wobbling
arrangement of the address regions may be prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the coupling portion of the adja-
cent address regions alwéya includes a 1l1-bit long space
which is the maximum inversion interval. This makes it
possible to increase the time far the movement of a laser
beam at the cutting while' the limit of the zero run of
the run length limit code .is maintained.
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The pattern of the postamble PA is not limited to
the pattern p8 shown in this example. Any pattern can be
used as far as the number of zeros in the zero run
satisfies the limit of the run length limit code used for
the address information region ID, the state information
is 3 or 4, the pattern is different from that of the

address mark AM, and the pattern includes an even number
of "1"s.

. Figures 24E to 24H illustrate alternative exam-
ples of mark arrangement of the postamble PA in the case
of using the state modulation code. In Figures 24E to
24H, the next state indicates the next state obtained
when the immediately preceding data has been modulated,
in other words, the next state obtained when the data at
the end . of the corresponding address information re-
gion ID has been modulated.

Figure 24E illustrates the case where the next
state is either state 1 or state 2 (see Figure 18B) and
the end of the address information region ID is the
mark 240. In this case, a pattern p9 as shown in Fig-
ure 24E, {0000010000010001}, is selected and recorded
using the mark length recording. When any of the code
saquences o0f which next state 1s either state 1 or
state 2 is coupled with the pattern p9, the zero run at
the coupling portion is still limited to the range of 2
to 10. The first and thirteenth bits of the pattern p9
are "0O". Also, by selecting the pattern p9, the end of
the postamble PA, i.e., the end of the address region is
a space.

Accordingly, both  the head and the end of each
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address region are spaces. Therefore, the failure in
mark formation at the cutting of the disk prototype and
the erroneocus data reading due to the overlap of address
regions at the data reproduction of the address regions
in the case of the wobbling arrangement of the address
regions may be prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a esequential pattern signal starting with
{000100010001000...}, the 4-bit long mark at the end of
the postamble can be used as the VFO.

Figure 24F illustrates the case where the next
gtate is either state 1 or state 2 (see Figure 18B) and
the end of the address information region ID is a space.
In this case, a pattern pl0 as shown in Figure 24F,
{0001000100010001}, is selected and recorded using the
mark length recording. Wwhen any of the code sequences of
which next state is either state 1 or state 2 is coupled
with the pattern pl0, the zero run at the coupling
portion is still limited to the range of 2 to 10. The
first and thirteenth bits of the pattern pl0 are "G".
Also, by selecting the pattern pl0, the end of the.

postamble PA, i.e., the end of the address region is a
space.

Accordingly, both the head and the end of each
address region are spaces. Therefore, the failure in
mark formation at the cutting of the disk prototype and
the erroneous data reading due to the overlap of address
regions at the data reproduction of the address regions
in the case of the wobbling arrangement of the address
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Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the 4-bit long mark at the end of
the postamble can be used as the VFO.

Figure 246 illustrates the case where the next
state is either state 3 or state 4 (see Figure 18B) and
the end of the address information region ID is +the
mark 240. In this case, a pattern pll as shown in
Figure 246G, {1000100100010001}, is selected and recorded
using the mark length recording. When any of the code
sequences of which next state i1s either state 3 or
state 4 is coupled with the pattern pll, the zero run at
the coupling portion is still limited to the range of 2
to 10. The first bit of the pattern pll is "1i%. Also,
by selecting the pattern pll, the end of the
postamble PA, i.e., the end of the address region is a
space.

_ Accordingly, both the head and the end of each
address region are spaces. Therefore, the failure in
mark formation at the cutting of the disk prototype and
the erroneous data reading due to the overlap of address
regions at the reproduction of the address regions in the
case of the wobbling arrangement of the address regions
may be prevented.

Moreover, by 'setting- the pattern of the VFO
region arranged at the heainning of each address region
at a sequential pattern signal starting with
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{000100010001000...}, the 4-bit long mark at the end of
the postamble can be used as the VFO.

Figure 24H illustrates the case where the next
state is either state 3 or state 4 (see Figure 18B) and
the end of the address information region ID is a space.
In this case, a pattern pl2 as shown in Figure 24H,
{1000010000010001}, is selected and recorded using the
mark length recording. When any of the code sequences of
which next state is either state 3 or state 4 is coupled
with the pattern pl2, the zero run at the coupling
portion is still limited to the range of 2 to 10. The
first bit of the pattern pl2 is "1". Also, by selecting
the pattern pl2, the end of the postamble PA, i.e., the
end of the address region is a space.

Accordingly, both the head and the end of each
address regilon are spaces. Therefore, the failure in
mark formation at the cutting of the disk prototype and
the erroneous data reading due to the overlap of address
regions at the reproduction of the address regions in the
case of the wobbling arrangement of the address regions
can be prevented.

Moreover, by setting the pattern of the VFO
region arranged at the beginning of each address region
at a sequential pattern signal starting with
{000100010001000...}, the 4-bit long mark at the end of
the postamble can be used as the VFO.

Exemplary arrangements of the above-described
patterns of the postamhléann will be described. As an
example, postambles having the patterns p5 to p8 shown in
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Figures 24A to 24D may be used as the postambles PA1l,
PA2, PA3, and PA4 shown in Figure 20C. Alternatively,
postambles having the patterns p9 to pl2 shown in Fig-
ures 24E to 24H may be used as the postambles PALl, PA2,
PA3, and PA4 shown in Figure 20C.

Alternatively, the postambles having the pat-
terns p5 to p8 shown in Figures 24A to 24D may be used as
the postambles PA2 and PA4 shown in Figure 20C, while the
postambles having the patterns p% to pl2 shown in Fig-
ures 24E to 24H may be used as the postambles PAl and PA3
shown in Figure 20C. In this case, when the address
regions on the disk are arranged as shown in Figure 21B,
the ends of the address regions 213 and 215 can be used
as the VFO regions between the address regions 213 and
214 and between the address regions 215 and 216, respec-
tively, where the shifting of the laser light for cutting
is not regquired. Also, a 1ll-bit long space can be
secured between the address regions 214 and 215 where the
shifting of the laser light for cutting is reguired. 1In
this way, both the merits of the two types of patterns
can be obtained. Moreover, in this case, by setting the
length of VFOl and VF03 larger than the length of VF02
and VF04, stable clock reproduction ia obtained at the

heading address regions 213 and 215 in the wobbling
arrangement.

(Example 4)

Figure 25a illustrates a format of a recording
sector 61 of an optical disk of the fourth example
according to the present invention. The recording sec-
tor 61 etarts with a header region 62 where addressing
information for reading address information is prerecord~
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ed. A gap region 63, a data recording region 64, a
postamble 65, a guard data recording region 66, and &
buffer region 67 follow the header region 62 in this
order. The gap region 63 has no data recorded thereon,
but is used for power control of a semiconductor laser
used for data recording/reproduction and the like, for
example. The data recording region 64 is used to store
user data. Redundant data such as an error correction
code is added to the user data, to form digital data.
The digital data is modulated using a predetermined run
length limit code, and recorded on the data recording
region 64 using the mark length recording.

The_ postamble 65 indicates the end of the data
recording region 64. The pattern of the postamble 65 is
determined based on the modulation results of the data
recording region 64. The postamble 65 includes informa-
tion used at the modulation of data, like the state
identification bit described in the second example. The
guard data recording region 66 is provided to suppress a
degradation of the recording surface due to repeated
recording of data on the same recording sector, and
includes dummy data which does not have specific informa-
tion. The buffer region 67 is provided to absorb a
rotational shift of the optical disk and the like.

Data is recorded on the data recording region 64,
the postamble 65, and the guard data region 66 by irradi-
ating the regions with a8 light spot having a predeter-
mined recording power to form optical marks on the
recording surface. In general, the crystal structure of
a thin film of the recording surface is changed into an
amorphous state, to change the reflection characteristic
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of the mark portions. Thus, since a light spot having a
comparatively large power is formed for the data record-
ing, the recording surface bears a heat 1load. This
causes a degradation of the recording surface.

In particular, in each recording sector, the
difference in the heat load is generated at the boundary
between a region where data has been recorded and &
region where data has not been recorded. When data
recording is repeated, the material of the recording film
shifts due to the difference in the heat load. This may
degrade the boundary region, thereby making it difficult
to read data correctly. When such an optical disk that
may be degraded at the recording surface due to repeated
recording is used, important data should preferably be
prevented from being recorded in the vicinity of the
boundary where the difference in the heat load may be
generated. In this example, in order to overcome the
above problem, the guard data recording region 66 is
provided. The guard data recording region 66 includes
dummy data, which provides substantially the same level
of heat load as that generated at the recording of data
on the data recording region 64 or the postamble 65. In
the data patterns written on the data recording region 64
and the postamble 65, low-frequency components increase
when the number of the marks or spaces appearing in the
patterns exceed's majority. The increase in the low-
frequency components is not preferable because it varies
the number of reproduced signal components in a servo
band, affecting the servo system. Thusg, the nuiuber of
the low-frequency components in the patterns is desirably
as small as possible., In many cases, therefore, the
modulation is performed so that the total number of bits
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for marks and the total number of bits for spaces are as
close as possible to each other.

Accordingly, in the pattern of the dummy data
recorded on the guard data recording region 66, also, the
total number of bits for marks is preferably equal to the
total number of bits for spaces. With this arrangement,
the heat load of the dummy data is in substantially the
same level as the heat load generated at the recording of
data on the data recording region 64 and the
postamble 65.

For example, a pattern where a k-bit long mark
and a k-bit long space are alternately repeated for an
even number of times may be used, wherein k is a natural
number satisfying T... € k € T,..; T.. and T@, are the
minimum and maximum inversion intervals, respectively, of
the run length limit code.

The guard data recording region 66 preferably has
a length of an integer number of data bytes because such
a length facilitates the processings of the modulation
circuit, the demodulation circuit, and the like.

Figure 258 illustrates an example of a pattern
recorded on the guard data recording region 66 when such
a modulation code that modulates one data byte into 16
bits (T, = 3, T, = 11) as was described above with
reference to Figure 18B is used. This pattern is com-
posed of alternate vepetition of 4-bit long mark and
space, and has a total length of 16 x n bits (n is a
natural number). ®
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In Figure 25B, the dummy data starts with a mark.
It would be understood that the pattern may also start

~with a space depending on the pattern at the end of the

postamble 65.

Since the total number of bits for the marks is
equal to the total number of bits for the spaces, the
heat load of the pattern shown in Figure 25B is in
subgtantially the same level as the heat load generated
at the recording of data on the data recording region 64
and the postamble 65. Therefore, the degradation of the

recording £ilm due to the difference in the heat load may
be prevented.

S8ince the above pattern satisfies the conditions
for the minimum inversion interval and the maximum
inversion interval of the modulation code (run length
1limit code), it will not affect the reproduction of data
from the header region and the data region.

INDUSTRIAL APPLICABILITY

As described above, in an optical disk according
to the present invention, address synchronous information
and address information modulated using the run length
limit code are recorded on the header region of each
recording sector. The pattern of the address synchronous
signal includes two patterns having a length larger than
the maximum inversion interval T,, of the run length
limit code by 3 bits or more. With this pattern, the
reproduced signal of the address synchronous information
is distinguished from the reproduced signal of other
information, thereby preventing easy occurrence of
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erroneous detection of the address synchronous informa-
tion. This makes it possible to perform stable bit
synchronization for reproduction of address information
using the address synchronization information without the

necessity of forming a sector mark in each recording
eactor.

The address synchronous information is redorded
using first and second patterns which are different in
either a physical shape or an optical characteristic of
the recording surface of the optical disk. For example,
the first pattern is a convex portion (pit) £formed
physically on the recording surface thereof, and the
second pattern is a concave portion formed physically on
the recording surface of the optical disk. Alternative-
ly, the first pattern is a recording mark formed by
changing the reflection characteristic of the recording
surface of the optical disk, and the second pattern is a
space on the recording surface. The address synchronous
information includes one first pattern having a length of
(T..x + 3) blts or more and one second pattern having a
length of (T, + 3) bits or more, so that the address
synchronous information can be distinguished from other
data modulated by the run length 1imit code even when an
error arises due to a bit shift and the like.

By equalizing the total bit length of the first
pattern included in the header region and the total bit
length of the second pattern included therein, the amount
of low-frequency components contained in the pattern may
be reduced. This will prevent the stability of the servo

system from being lost duf‘ing the data reproduction from
the header region.
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The header region includes four-time repetition
of the address information and the address synchronous
information. Thig reduces the number of defective
recording sectors where address information i1s not

. readable in the opticel disk with high recording density

in an allowable range. Thus, the present invention
provides a high-quality optical disk.

In an optical disk according to the present
invention, the header region of each recording sector
includes address information for identifying the position
of the corresponding recording sector, address synchro-
nous information for identifying the recording position
of the address information for bit synchronization, and
clock synchronous information for reproducing the clock
signal. The address information has been modulated using
a8 run length limit code of a minimum inversion interval
of T, bits and a maximum inversion interval of T, bits
(Twee and T, &re natural numbers satisfying T, > Tpun)-
The clock synchronous information is a sequential pattern
of altermate repetition of d-bit long mark and space
(where d is a natural number satisfying T,, € d < T..).
The address synchronous information includes two patterns
of which inversion interval is (T, + 3) bits or more, SO
that the reproduced signal of the address synchronous
information is distinguished from the reproduced signal
of other information. Faster clock reproduction is
possible by reading the sequential pattern of alternate
repetition of the d-bit long mark and space. Also,
stable bit synchronization for reproducing the address
information is possible by reading the address synchro-
nous information.



10

15

20

25

30

- 79 -

In an optical disk according to the present

' invention, a pattarn (sector mark) composed of a long

mark for identifying the start of a recording sector is
not recorded at the beginning of the recording sector.
This reduces the overhead amount of data as a format. At
the same time, as described above, both the detection of
the beginning of the recording sector and the clock

reproduction can be performed using the clock synchronous
information.

In an optical disk according to the present
invention, each recording sector includes the header
region and the postamble region following the end of the
header region, and the postamble region includes a
pattern determined based on the modulation result of data
of the hesder region. Accordingly, in the case where the
data of the header region has been modulated using a
modulation code for performing a conversion in a table
based on a state, for example, the postamble can include
therein information for state identification. This

allows for efficient demodulation of data in the header
region.

In an optical disk according to the present
invention, each recording sector includes the header
region, the data recording region, and the postamble
region following the end of the data recording region,
wherein the postamble region includes a pattern deter-
mined based on the modulation result of data on the data
recording region. Accordingly, in the case where the
data of the data recording region has been modulated
using a modulation code for performing a conversion in a
table based on a state, for example, the postamble can
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include therein information for state identification.
This also allows for efficient demodulation of data in
the data recording region.

The recording sector further includes the guard
data recording region following the postamble region for
recording dummy data. The guard data recording region
includes a pattern of alternate repetition of a k-bit
long optical mark and a k-bit long optical space, wherein
k is a natural number satisfying T, <€ k < T,,. This
arrangement of the guard data region prevents the record-
ing surface from being degraded due to repeated record-

ing, as well as preventing the reliability of recorded
data from being lost.

In an optical disk according to the present
invention, each recording sector includes the header
region, and the header region includes the address region
having the postamble region at the end of the address
region, and the postamble region has a pattern which ends
with non-pit data or a space.' The header region includes
a plurality of address regions, and the VFO region at the
beginning of each address region has a pattern which
starts with non-pit data or a space. Alternatively, non-
pit data or a space having a length of Tpax bits dis
provided between the address regions. With the above
arrangement, in the case of recording the address regions
in the middle of the land tracks and the groove tracks,
the formation of marks in the optical disk fabrication
process is facllitated, and moreover erroneous reading of
information £rom the address regions may be prevented.

An optical disk device according to the present
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invention includes: means for reading a reproduced signal
£from the optical disk; address reproduction means for
obtaining the address information from the reproduced
signal; detection means for detecting the sequential
pattern of the clock synchronous information from the
reproduced signal to output a detection signal; and
address reproduction permit means for permitting the
address reproduction means to perform a read operation of
the address information based on the detection signal.
With this construction, stable and efficient reproduction
of address information is possible for an optical disk
which does not include a sector mark (a pattern composed
of a long mark for identifying the start of a recording
sector) at the beginning of each recording sector, by
detecting the sequential pattern of the clock synchronous
information. The conventional optical disk includes both
8 sector mark and clock synchronous information on the
header region. According to the present invention, since

no sector mark is required, the date recording region can
be increased.

An optical disk device according to the present
invention includes: clock generation means for generating
a clock signal from the reproduced signal:; and clock
reproduction permit signal for permitting the clock
generation means to perform an operation of generating
the clock signal based on the detection signal of the
sequential pattern of the clock synchronous information.
With this construction, stable and efficient reproduction
of the clock signal is possible for an optical disk which
does not include a sector mark at the beginning of each
recording sector, by detecting the sequential pattern of
the clock synchronous information.
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A reproduction method for an optical disk accord-
ing to the present invention includes the steps of:
retrieving a reproduced signal from the optical disk:
detecting the sequential pattern of the clock synchronous
information from +the reproduced signal; permitting
reading of the address information if the sequential
pattern is detected; reading the address information from
the reproduced signal in response to the permission;.and
terminating the step of reading the address information
in a predetermined time period after the permission to
return to the step of detecting the sequential pattezn.
With this method, stable reading of the address informa-
tion at the switching-on of the device or immediately
after a track jump is possible for an optical disk having

no sector mark but having clock synchronous information
of a predetermined sequential pattern.

A reproduction method for an optical disk accord-
ing to the present invention includes the steps of:
retrieving a reproduced signal from the optical disk;
detecting the sequential pattern of the clock synchronous
information from the reproduced signal; permitting
reproduction of a clock signal if the sequential pattern
iz detected; and reproducing the clock signal from the
reproduced signal in response to the permission. With
this method, stable reproduction of the clock signal at
the switching-on of the device or immediately after a
track jump is possible for an optical disk having no
sector mark for identifying the start of the recording
sector, but having clock synchronous information of a
predetermined sequentisl pattern.

)

A reproduction method for an optical disk in-
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cludes the steps of: retrieving a reproduced signal from
the optical disk; determining a reproduction mode whether
the reproduction mode is an initial mode during a time
period from the switching-on of the device or a track
jump until the address information is first read from the
reproduced signal or a normal mode during a time period
from the reading of the address information until a next
track jump is generated; detecting the sequential pattern
of the clock synchronous information from the reproduced
signal; permitting reading of the address information if
the sequential pattern is detected in the initial mode as
a first permitting step; reading the address information
from the reproduced signal in response to the permission;
generating a sector pulse if the address information is
correctly read; permitting reading of the address infor-
mation from the reproduced signal based on the sector
pulse in the normal mode as a second permitting step; and
terminating the reading of the address information to
return to the step of determining a reproduction mode if
the address information fails to be read within a prede-
termined time period after either the first or second
permission step. With this method, the processing after
the switching-on of the device or a track jump until the
address information is first reproduced and the process-
ing at the normal data reproduction can be switched
therebetween. Thus, efficient and reliable reading of

the address information of each recording sector is
possible.

By combining the optical disk according to the
present invention with the optical disk device according
to the present invention, or by combining the optical
disk of the present invention with the optical disk
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reproduction methbd, further stable and efficient reading
of the address information is possible even in the case
where the recording density of the optical {disk is
improved by the technique such as the mark length record-
ing and the land/groove recording.
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CLAIMS

1. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors, each of
the recording sectors including a header region,

wherein the header region includes address
information for identifying a position of the correspond-
ing recording sector and address synchronous information
for identifying a recording position of the address
information for bit synchronization, ,

the address information has been modulated using
a run length limit code of a maximum inversion interval
of T, bits (T, is a natural number), and

the address synchronous information includes two
patterns of which inversion interval is (T, + 3) bits or
more, so that a reproduced signal of the address synchro-
nous information is distinguished from a reproduced
signal of other information.

2. An optical disk according to claim 1, wherein the

‘address synchronous information includes a first pattern

and a second pattern which are different in either a
physical shape or an optical characteristic of a record-
ing surface of the optical disk, and the address synchro-
nous information includes one first pattern having a
length of (T.,, + 3) bits or more and one second pattern
having a length of (T, + 3) bits or more.

3. An optical disk according to claim 2, wherein the
first pattern is a convex portion (pit) formed physically
on the recording surface of the optical disk, and the
second pattern is a concave portion formed physically on
the recording surface of the optical disk.
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4. An optical disk according to claim 2, wherein the
first pattern is a recording mark formed by changing a
reflection characteristic of the recording surface of the
optical disk, and the second pattern is a space on the
recording surface.

5. An optical disk according to claim 2, wherein a total
bit length of the first pattern included in the address
synchronous information and a total bit length of the
gecond pattern included in the address synchronous
information are equal to each other.

6. An optical disk according to claim 1, wherein the
header region includes four-time repetition of the

address information and the address synchronous informa-
tion.

7. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors, each of
the recording sectors including a header region,

wheraein the header region includes address
information for identifying a position of the correspond-
ing recording sector, address synchronous information for
identifying a recording position of the address informa-
tion for bit synchronization, and clock synchronous
information for reproducing a clock signal,

the address information has been modulated using
a run length limit code of a minimum inversion interval
of T,, bits and a maximum inversion interval of T,, bits
(T, and 7T, are natural numbers satisfying T, > Tuw)-

the clock synchronous information is a sequential
pattern of alternate repetition of d-bit long mark and
space (d is & natural numbper satisfying T,, € 4 < T,.).
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and

the address synchronous information includes two
patterns of which inversion interval is (T, + 3) bits or
more, so that a reproduced signal of the address synchro-
nous information is distinguished from a yeproduced
signal of other information.

8. An optical disk according to claim 7, wherein-each of
the address synchronous information and the clock syn-
chronous information includes a €first pattern and a
second pattern which are different in either a physical
shape or an optical characteristic of a recording surface
of the optical disgk, and

the address synchronous information includes one

- first pattern having a length of (T,. + 3) bits or more

end one second pattern having a length of (T, + 3) bits
or more.

9. An optical disk according to claim 7, wherein the
ninimum inversion interval T, is 3, the maximum inver-
sion intexval T,, is 11, and the value 4 is 3.

10. An optical disk according to claim 7, wherein the
minimum inversion interval T, is 3, the maximum inver-
sion interval T is 11, and the value d is 4.

11. An optical disk according to claim 7, wherein the
header region includes four-time repetition of the clock
synchronous information, the address information, and the
address synchronous information. '

12, An optical disk compriking a plurality of tracks each
divided into a plurality of recording sectors,
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wherein each recording sector includes a header
region and a postamble region following an end of the
header region, and

the postamble region includes a pattern deter-
mined based on a modulation result of data of the header
region.

13. An optical disk according to claim 12, wherein the
data on the header region is modulated using a modulation
code for performing a conversion in a table based on a
state, .

the postamble region includes information for
identifying the state.

14. An optical disk according to claim 13, wherein the
information for identifying the state is at least one
specific bit having a predetermined value, and

a bit located adjacent to the specific bit has

substantially the same value as the predetermined value
of the specific bit.

15. an optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors,

wherein each recording sector includes a header
region, a data recording region, and a postamble region
following an end of the data recording region, and

the postamble region includes a pattern deter-
mined based bn a modulation result of data of the data
recording region.

16. An optical disk according to claim 15, wherein the
data on the data recording region is modulated using a
modulation code for performing conversion in a table

R R 0 0
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based on a state,

the postamble region includes information for
identifying the state.

17. An optical disk acéording to claim 16, wherein the
information for identifying the state is at least one
specific bit having a predetermined value, and

a bit located adjacent to the specific bit has
substantially the same value as the predetermined value
of the specific bit.

18. An optical disk according to claim 15, wherein the
recording sector further includes a guard data recording
region following the postamble region for recording dummy
data.

19. An optical disk according to claim 18, wherein the
data recording region includes data modulated using a run
length limit code of a minimum inversion interval of Totn
bits and a maximum inversion interval of Trax Pits (T, and
Tain @re natursl numbers satisfying T,, > T..), and

the guard data recording region includes a
pattern of repetition of a k-bit long optical mark and a
k-bit long optical space (k is a natural number satisfy-
ing Ty, < k € T,..).
20. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors,

wherein each recording sector includes a header
region, and the header region includes an address region
having a postamble region at an end of the address
region, and B

the postamble region has a pattern which ends

.
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with non-pit data or a space.

21, An optical disk according to claim 20, wherein the
header region includes a plurality of the addreas re-
gions.

22, An optical disk according to claim 20, wherein the
address regions are located in the middle of groove por-
tions and land portions of the tracks.

23. An optical disk comprising a plurality of tracks each
divided into a plurality of recording sectors,

wherein each recording sector includes a header
region,

the header region includes a plurality of address
regions,

each of the address regions includes a VFO region
at a beginning of the address region, and

‘the VFO region has a pattern which starts with
non-pit data or a space.

24. An optical disk according to claim 23, wherein the
address region includes an address information region
where address information is recorded using a mark length
recording for identifying a position of the corresponding
recording sector, and the address information is modulat-
ed using a run length linit code of & minimum inversion
interval of T, bits and a maximum inversion interval of
Teax bits (T,,, and T, are natural numbers satisfying
Toaax > Tatn), 8nd .

non-pit data or a space having a length in a

range of T, bits or more and T.ax P1ts or less is provided
between the address regions.
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25. An optical disk according to claim 24, wherein the
address regions are located in the middle of groove por-
tions and land portions of the tracks.

26. An optical disk device for an optical disk including
a plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the device comprising:

means for reading a reproduced signal from the
optical disk:

address reproduction means for obtaining the
addregss information from the reproduced signal;

detection means for detecting the sequential
pattern of the clock synchronous information from the
reproduced signal to output a detection signal: and

address reproduction permit means for permitting
the address reproduction means to perform a read opera-

tion of the address information based on the detection
signal.

27. An optical disk device according to claim 26, further
comprising:

clock generation means for generating a clock
signal from the reproduced signal: and

clock reproduction permit signal for permitting
the clock generation mearis to perform an operation of
generating the clock signal based on the detection
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signal,

28. An optical disk device according to claim 26, wherein
the detection means comprilses:

binary means for converting the reproduced signal
into binary data to output the binary data;

sampling means for sampling the binary data at &
predetermined frequency to output digital date;

parallel conversion means for converting the
digital data into parallel data of at least m x n bits (m
and n are natural numbers); and

a detection table for detecting a predetermined

sequence composed of n-time repetition of an m-bit
pattern from the parallel data.

29. An optical disk device for an optical disk including
a plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the device comprising:

means for reading a reproduced signal f£from the
optical disk;

clock generation means for generating a clock
signal from the reproduced signal;

detection means for detecting the sequent1a1
pattern of the clock synchronous information from the
reproduced signal to outpﬁt a detection signal; and

clock reproduction permit means for permitting

-
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the clock generation means to perform an operation of

generating the clock signal based on the detection

30. An optical disk device according to claim 29, wherein
the detection means comprises:

binary means for converting the reproduced signal
into binary data to output the binary data:

sampling means for sampling the binary data at a
predetermined frequency to output digital data;

parallel conversion means for converting the
digital data into parallel data of at least m x n bits (m
and n are natural numbers); and

a detection table for detecting a predetermined
sequence composed of n-time repetition of an m-bit
pattern from the parallel data.

31. a raproductibn method for an optical disk including
a8 plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the method comprising the steps of:

retrieving a reproduced signal f£rom the optical
digk;

detecting the sequential pattern of the clock
synchronous information from the reproduced signal;

permitting readinﬁ of the address information if
the sequential pattern is. detected;
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reading the address information from the repro-
duced signal in response to the permission; and

terminating the step of reading the address
information in a predetermined time period after the

permission to return to the step of detecting the sequen-
tial pattern.

32. A reproduction method for an optical disk according
to claim 31, further comprising the steps of:
permitting reproduction of a clock signal if the
sequential pattern is detected; and
reproducing the clock signal from the reproduced
signal in response to the permission,

33. A reproduction method for an optical disk including
a plurality of tracks each divided into a plurality of
recording sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information having a predetermined
sequential pattern, the method comprising the steps of:
retrieving a reproduced signal from the optical
disk; '
detecting the sequential pattern of the clock
synchronous information from the reproduced signal;
permitting reproduction of a clock signal if the
sequential pattern is detected; and
' reproducing the clock signal from the reproduced
signal in response to the ‘permission.
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34. A reproduction method for an optical disk including
a plurality of tracks each divided into a plurality of
recordirig sectors, each recording sector including a
header region and a data region, the header region
including address information for identifying a position
of the corresponding recording sector, address synchro-
nous information for identifying a recording position of
the address information for bit synchronization, and
clock synchronous information hav:mg a predetermined
sequential pattern, the method comprising the steps of:

retrieving a reproduced signal from the optical
disk;

determining a reproduction mode whether the
reproduction mode is an initial mode during a time period
from switching-on of the device or a track jump until the
address information is first read from the reproduced
signal or a normal mode during a time period from the
reading of the address information until a next track
Jump is generated:

detecting the sequential pattern of the clock
synchronous information from the reproduced signal;

permitting reading of the address information if
the sequential pattern is detected in the initial mode as
a first permitting step:

reading the address information from the repro-
duced signal in response to the permission;

generating a sector pulse if the address informa-
tion 1s correctly read;

permitting reading of the address information
from the reproduced gignal basad on the sector pulse in
the normal mode as a second permitting step:; and

terminating the r;“aading of the address informa-
tion to return to the step of determining a reproduction
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mode 1f the address information fails to be read within
a predetermined time period after either the first or
second permission step.
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