
OPTICAL DISK, OPTICAL DISK DEVICE AND METHOD FOR RECORDING AN OPTICAL DISK
Field of the Invention   The present invention relates to an optical disk
for recording and reproducing digital signals in a sector unit of an
optical disk, an optical disk device, and a recording method for an optical
disk.   Description of the prior art   From EP-A-0 718 831, a recording and
reproducing method and apparatus for an optical disk of the phase
transition type that can be overwritten is known. According to the
disclosure in this document, the capacity of repeated rewriting of the
optical disk is expanded by recording either non-inverted write data or
inverted write data at random. The deterioration due to the repeated
rewriting at a start point and at an end point of the recording is
suppressed by recording synchronizing signal before the write data and/or
dummy data after the write data in the way such that thermal stress is less
likely to occur. A record end position can be determined precisely by
detecting a stop pause to stop recording.   EP-A-0 814 463 discloses an
apparatus for writing on and reading an overwritable optical disk
comprising an identifier detector that identifies a recording condition in
the sector to be overwritten, and a delay time controller circuit that sets
a variation range of the start point for writing according to the recording
condition. The method for writing on and reading in the overwritable
optical recording medium having sector format disclosed in the document
comprises the steps of modulating write data to make a modulated data
signal corresponding to a record pattern of the optical recording medium,
selecting the first or second record timing, changing a start point for
writing the modulating data signal into the sector at random within a first
variation range when the first record timing is selected, and changing a
start point for writing the modulated data signal into the sector at random
within a second variation range that is larger than the first variation
range when the second record timing is selected.                   



`                 Optical discs are presently widely distributed as
read-only recording media          for audio and video use, e.g., a compact
disc (CD), and as rewritable recording 10      media, e g., a mini disc
(MD). Moreover, as an external memory device for a          computer,
rewritable 3.5-inch magneto-optical discs and 5-inch phase change
optical discs (PD) are becoming popular.                 Henceforth, as the
recording media for multimedia, digital video disc (DVD)          using
phase change optical discs is about to be popularly marketed. One of the 15
merits of the phase change optical disc is that to overwrite an information
signal,          only a single laser beam is necessary as a recording
means. That is, when a          modulated laser output is emitted onto a
recorded information track as a function of          an information signal
switching between a recording level and an erasing level, a          new
signal can be recorded while erasing an existing information signal. 20
A format structure of such an optical disc is explained by referring to
Fig. 18.          In Fig. 18, reference numeral 1 is an optical disc, 2
represents tracks on the optical          disc 1, and 3 designates sectors
dividing the tracks into plural fields. Each sector 3 is          composed
of a header field 4 including track and sector address information, a gap
field 7 with no signal recorded therein, a data recording field 5 for
recording user 25       data, and a buffer field 6 for absorbing the
effects of imprecision in rotation of the          motor.
The header field 4 is usually formed of prepits, and is not used for
recording.          Reference numeral 4a is a synchronous signal VFO for
synchronizing, 4b is an          address mark for detecting the header
field by a special recording pattern not 30       appearing on the
modulation pattern, 4c is a field containing a physical              WO
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identification address (PID) having address information with respect to a
physical          position of the sector, and 4d is an ID error detection
(IED) for detecting an address          error. The header field composed of
blocks 4a to 4d may be composed of plural          header fields in order
to enhance the reliability thereof.  5             The data recording field
5 is composed of a synchronous signal VFO 5b for          synchronizing and
user data 5c.                 Referring now to Fig. 19, an optical  disc
device for recording and          reproducing signals by a recordable
optical disc is explained. In Fig. 19, reference          numeral 1 is an
optical disc, 10 is an optical head for recording and reproducing 10
signals on tracks of the optical disc 1, 11 is a servo control circuit for
focusing an          optical beam of a semiconductor laser on the tracks of
the optical disc, 12 is a laser          driving circuit for controlling
the optical output of the semiconductor laser, 13 is a          data
modulation circuit for digitally modulating coded data into a form suited
to          recording, and 14 is a VFO generating circuit for generating
VFO as a synchronous 15     signal. Reference numeral 15 is a coding
circuit for performing error correction          coding on recorded data,
16 is a record control circuit for controlling the timing of
recording, 17 is an address detecting circuit for detecting an address
signal from a          reproduced signal, 18 is a system control circuit
for controlling the operation of the          entire optical disc device
composed of a microprocessor, and other related circuitry, 20       and 19
is data to be recorded. 



The data coded in the coding circuit 15 is modulated in the data modulation
circuit 13 and is output as modulated data. The synchronous signal VFO
generated          in the VFO generating circuit 14 is added to the
beginning of this modulated data          and is delivered to the laser
driving circuit 12, and is recorded in the optical disc 1. 25
In such a rewritable light-operative optical disc, however, the number of
recording repetitions is limited, since the recording medium deteriorates
due to          thermal load, under repeated exposure to light. Generally,
such deterioration          phenomena tend to be more prevalent in the
deterioration area as the number of          recording repetitions
increases. Deterioration phenomena may be roughly classified 30     into
two types as follows:             WO 98/15951
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(1)   deterioration phenomenon in each sector, occurring in the beginning
end (record start position) of a recording field in the sector and
terminating end          (record end portion), by repeated recording on the
sector, and                 (2)   deterioration phenomenon in each mark,
occurring in the mark area,  5       as the mark row of a same pattern is
recorded repeatedly in the same position in the          sector.
First, in the deterioration phenomenon in each sector, as recording is
repeated, deterioration gradually occurs in the recording foil in the
beginning end          and terminating end of a recording field in the
sector, and this defect expands 10.     backward of the sector from the
beginning end (to the relative laser advancing          direction on the
optical disc) and forward of the sector from the terminating end (to
the reverse direction of the relative laser advancing direction on the
optical disc).                 The above-described phenomenon is understood
to occur because, when the          recording foil is in a fused state, a
movement phenomenon of the recording foil 15       substance in the track
direction occurs. For instance, by the movement of the          recording
foil substance to the sector forward direction, as fusion and
solidification          are repeated multiple times, the recording foil
substance accumulates in the record          start point portion where the
thermal load to the recording foil changes suddenly,          and the
recording foil substance is decreased in thickness at the recording end
point 20       portion. As a result, the film thickness becomes uneven
between the recording start          point and end point, and thermal or
optical characteristics deteriorate, the film          exfoliates, and/or
the quality of reproduced signals deteriorates in the data
beginning end or terminating end, thereby impeding correct recording and
reproducing of information. 25              Next, in the deterioration
phenomenon in each mark, as the recording is          repeated, a defect
occurs in the recording foil when recording the same pattern, and
this defect expands forward and backward of the mark portion.
That is, when the same data is repeatedly recorded in the same sector,
fusion          and solidification are repeated multiple times in some
areas, while other areas are 30       not fused at all.              WO
98/15951
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Generally, when rewriting the recorded data in an optical disc, the data is
rewritten in the sector unit. Therefore, if information is changed in part
of a sector,          the entire sector is rewritten. In a TOC (Table of
Contents) field or a directory field          where information
corresponding to the table of contents of the recorded  5       information
in the disc is recorded, in particular, similar data are often recorded
repeatedly, and the rewriting frequency is high. In the ordinary data
sector, too,          same data is recorded repeatedly in the synchronous
signal portion VFO or the like,          and the aforementioned kind of
deterioration phenomenon occurs in such instances.          As a result,
the film thickness of the recorded film fluctuates in the boundary region
10       of the portion fused and solidified repeatedly and the portion not
fused at all, and          thus the thermal and optical characteristics
deteriorate, and the quality of          reproduced signal in this portion
deteriorates, thereby blocking normal recording          and reproducing of
information.    15     OBJECT AND SUMMARY OF THE INVENTION
The present invention is directed, in the light of the above described
problems, to an optical disc for recording and reproducing data in the unit
of          sectors. It is an object of the invention to provide an optical
disc capable of reducing          the deterioration of the recording foil
of the optical disc in every sector and every 20       mark derived from
repeated recording, simplifying the associated signal processing
system, and suppressing effects of deterioration phenomena on accurate
recording          and reproducing of information, and an optical disc
device, and a recording method          for an optical disc.
To achieve these and other objects, in a first feature of the optical disc
of the 25       invention, a header field including a sector identifying
signal, and a data recording          field including a synchronous signal
are provided in each one of plural sectors          dividing the tracks,
and a guard data recording field for recording specific guard          data
is provided between the header field and data recording field.
With this guard data recording field, the synchronous signal can be
protected 30       from deterioration of the medium due to repeated
recording.              WO 98/15951
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In a second feature of the optical disc of the invention, the guard data in
the          guard data recording field is the same as the recording
pattern in the synchronous          signal field, and the phase of the
recording pattern is continuous near the boundary          of the guard
data recording field and synchronous signal field.  5              As a
result, the guard data recording field can be substantially utilized as the
synchronization signal field, and the lock-in range of synchronization can
be          expanded further than the synchronous signal field, so that the
stability of          acquisition of synchronism can be improved even in
view of medium deterioration          due to repeated recording. 10
In a third feature of the optical disc of the invention, the recording
section of          the guard data recording field is changed randomly in
every recording.                 As a result, the guard data recording
field for recording identical signal          patterns and the mark
position recorded on the recording medium by repeated          recording is
shifted randomly in every recording, so that deterioration of the 15
recording medium can be prevented. 



In a fourth feature of the optical disc of the invention, a
sector-structure is          formed to comprise, sequentially, a first gap
field having no signal, a first guard data          recording field for
recording guard data, a data recording field including          synchronous
signal and user data, a second guard data recording field, and a second 20
gap field, wherein the total length of the first and second gap fields is
constant, the          total length of the first and second guard data
recording fields is constant, and, in          the sector, at the time of
recording, the length of the first gap field and the first guard
data recording field is changed randomly upon every recording, and the
changing          amount of the first gap field is set smaller than the
changing amount of the first 25       guard data recording field.
Accordingly, since the first and second gap fields and the first and second
guard data recording fields change randomly upon every recording, the
medium          deterioration in every sector and in ever mark due to
repeated recording can be          suppressed. 30              In a fifth
feature of the optical disc of the invention, in addition to the fourth
feature, the resolution of the changing amount of the first gap field is a
channel bit              WO 98/15951
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unit, and the resolution of the changing amount of the first guard data
recording          region is a byte unit.                 Hence, while
maintaining the ease of realization of data processing on the
signal processing system, the medium deterioration in every sector and in
every  5     mark due to repeated recording can be suppressed.
In a sixth feature of the optical disc of the invention, in addition to the
fourth          feature, the signal polarity of guard data and data
recording field data is changed          randomly upon every recording.
As a result, even in a limited random shift amount, the medium
deterioration 10    in every sector and in every mark can be suppressed.
The optical disc device of the invention comprises means for recording and
reproducing the optical discs as mentioned herein, and is capable of
suppressing the          medium deterioration in every sector or in every
mark due to repeated recording.                 The recording method for an
optical disc of the invention comprises a method 15     of recording these
optical discs, and is hence capable of suppressing the medium
deterioration in every sector or in every mark due to repeated recording.
BRIEF DESCRIPTION OF THE DRAWINGS                 Fig. 1 is a diagram
showing a format structure of an optical disc according to          a first
embodiment of the invention. 20           Figs. 2a-c show deterioration of
the recording medium and synchronous          signal field VFO at the
record start point when recorded repeatedly.                 Fig. 3 is a
block diagram of an optical disc device according to a second
embodiment of the invention for recording in and reproducing from an
optical disc          having a guard data recording field. 25
Figs. 4a-d depict a synchronous signal section in which guard data in a
guard          data recording field has a pattern different from the
synchronous signal VFO.                 Figs. 5a-d show a synchronous
signal section of an optical disc in a third          embodiment in which
guard data in a guard data recording field has the same          pattern as
the synchronous signal VFO.  



WO 98/15951
PCT/JP97/03559                     Fig. 6 is a block diagram of an optical
disc according to a fourth embodiment          for recording and
reproducing in which the recording pattern in the guard data
recording field is the same as the synchronous signal field VFO.
Fig. 7 is a flowchart for explaining a recording method for an optical disc
5     according to a fifth embodiment for recording and reproducing in
which the          recording pattern in the guard data recording field is
the same as the synchronous          signal field VFO.
Figs. 8a-d depict the conditions of sectors of an optical disc according to
a          sixth embodiment for changing randomly the sector recording
section upon every 10     recording.                 Fig. 9 is a block
diagram of an optical disc device according to a seventh
embodiment for recording and reproducing a signal in an optical disc by
changing          randomly the sector recording section upon every
recording.                        Fig. 10 is a format of an optical disc
for recording and reproducing by 15     randomly changing the recording
section in first and second gap fields and first and          second guard
data recording fields, in every sector, upon every recording.
Fig. 11 is a block diagram of an optical disc device according to an eighth
embodiment for recording and reproducing by changing randomly the recording
section in first and second gap fields and first and second guard data
recording 20     fields, in every sector, upon every recording.
Fig. 12 is a block diagram showing an example of a second random changing
circuit.                 Fig. 13 is a flowchart for explaining a recording
method of the optical disc          according to the eighth embodiment. 25
Figs. 14a-d depict the mode of the sector when randomly changing the first
and second gap fields and first and second guard data recording fields.
Figs. 15a-b show the deterioration area of the sector when randomly
changing the first and second gap fields and first and second guard data
recording          fields. 30              Figs. 16a-c are diagrams for
explaining the polarity of recording signal and          the recording
stage on an actual optical disc.        WO 98/15951
PCT/JP97/03559                                         8           Fig. 17
is a graph of results of an experiment showing the effect of random  shift
according to the invention.         Fig. 18 is a format of a conventional
recordable optical disc.         Fig. 19 is a block diagram of a
conventional recordable optical disc device.    DETAILED DESCRIPTION OF THE
INVENTION 



Referring now to the drawings, embodiments of the invention are described
below.               WO 98/15951
PCT/JP97/03559                                                  9
Embodiment 1                 Fig. 1 shows a format structure of an optical
disc according to a first          embodiment of the invention. Explanation
is omitted for the parts also shown in the          format structure of
Fig. 18 relating to the prior art described above.  5              As
compared with the prior art, the added and modified portion is a guard
data recording field 100 for recording guard data, disposed between the
header field          4 and data recording field 5. The guard data
recording field 100 is disposed behind          the gap field 7 and
immediately before the data recording field 5. Since no signal is
recorded in the gap field 7, recording of signals in the sector begins at
the guard data 10       recording field 100.                 Referring to
Figs. 2a-c, in the optical disc having the format structure in Fig.
1, the relation between deterioration of the recording medium at the record
start          point and synchronous signal field VFO upon repeated
recording is explained.                 Figs. 2a-c show the mode of
deterioration of the recording medium near the 15       record start point
of the data recording field 5, in which Fig. 2a shows a single
repetition only, Fig. 2b shows 50,000 repetitions, and Fig. 2c shows
100,000          repetitions.                 In the initial stage of a
single repetition in Fig. 2a, the guard data recording          field 100
at the start point of recording of the sector, is free from medium 20
deterioration, and thus there is no problem. Here, the interval of the
guard data          recording field in the initial state is supposed to be
T1, and the internal of the          synchronous signal field VFO is
supposed to be T2.                 After 50,000 repetitions as shown in
Fig. 2b, medium deterioration occurs          and is indicated by 30 for an
interval of TC1 at the beginning of the guard data 25       recording field
100., the guard data recording field 100 shortens to T4 by the interval
TC1 of the length of the medium deterioration 30. However, if medium
deterioration occurs, only the guard data recording field 100 in which
guard data is          recorded is shortened in length. The synchronous
signal field VFO necessary for          synchronization is completely free
from the effects of medium deterioration 30, and 30       the synchronous
interval T2 remains the same as in the initial state. Hence, as in the
initial state, stable acquisition of synchronism is realized.
10         After 100,000 repetitions as shown in Fig. 2c, the medium
deterioration 30 at the beginning of the guard data recording field 100 is
extended to interval TC2. As a result, the guard data recording field 100
shortens further to be T5. However, only the guard data recording field in
which guard data is recorded is shortened in length, and the synchronous
signal field VFO necessary for synchronization is completely free from the
effects of the medium deterioration 30, and the 



synchronous interval T2 likewise remains the same as in the initial state.
Hence, as in the initial state, stable acquisition of synchronism is
realized.       As explained, according to the present embodiment, by
providing the guard data recording field 100 for recording guard data
between the header field and the data recording field containing
synchronous signal, the synchronous signal field is prevented from being
shortened by the medium deterioration caused by repeated recording, so that
the acquisition of synchronism is stabilized.  Embodiment 2       Referring
now to Fig. 3, an optical disc device according to a second embodiment of
the invention which is intended to record and reproduce in an optical disc
having a guard data recording field at the beginning of a sector is
described. Explanation is omitted for the parts already discussed in the
optical disc device of Fig. 19 relating to the prior art described above.
What is added to the prior art is a guard data generating circuit 200 and a
first record control circuit 201. The guard data generating circuit 200
generates specified guard data. The guard data of the guard data generating
circuit 200 is first provided, synchronous signal VFO of the synchronous
signal VFO generating circuit 14 is added next, and then modulated data of
the data modulating circuit 13 is added later still. Such data timing is
controlled by the first record control circuit 201. The combined guard
data, synchronous signal VFO, and modulated data are provided to the laser
driving circuit 12, and is recorded on the optical disc.       According to
the present embodiment, as described herein, in addition to the
conventional constitution of the optical disc device, the guard data
generating circuit 200 for generating guard data and first record control
device 201 are               WO 98/15951
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provided, and by recording the guard data in the guard data recording field
100          between the header field 4 and the synchronous signal field
VFO at the starting          portion of the data recording field 5, the
synchronous signal is protected from          medium deterioration caused
by repeated recording, so that an optical disc device  5       stable in
acquisition of synchronism is realized.           Embodiment 3
Figs. 4a-d and Figs. 5a-d show the relationship between the deterioration
of          recording medium at the record start point upon repeated
recording and the          synchronizing interval of synchronous signal
field VFO, in an optical disc having a 10     format structure according to
a third embodiment of the present invention. In the          optical disc
of the third embodiment, the recording pattern of guard data in the
guard data recording field is the same as the recording pattern of the
synchronous          signal field VFO. In the boundary of the guard data
recording field and          synchronous signal field, moreover, the phase
of the recording pattern is matched so 15       as not to cause
discontinuation.                 First, in Figs. 4a-d, the guard data in
the guard data recording field is          different from the recording
pattern of the synchronous signal field VFO. Fig. 4a          shows the
data recording field after one repetition, Fig. 4b shows the lock-in range
on synchronization, Fig. 4c shows the data recording field after 100,000
times of 20       repetition, and Fig. 4d shows the lock-in range on
synchronization after 100,000          times of repetition.
In the initial state after one repetition, the guard data recording field
100 at          the record start point of the data recording field 5 is
free from medium deterioration. 



The interval of the guard data recording field in the initial state is
supposed to be T1,  25       and the interval of the synchronous signal
field VFO I supposed to be T2.                 The lock-in range on
synchronization 300 after one repetition is the interval          T2 of the
synchronous signal field VFO.                 In the case after 100,000
times of repetition shown in Fig. 4c, at the beginning          of the
guard data recording region 100, medium deterioration 30 occurs for an 30
interval of TC2. Accordingly, the guard data recording field 100 is
shortened to an              WO 98/15951
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interval T5. However, only the guard data recording field in which guard
data is          recorded is shortened, and the synchronous signal field
VFO necessary for        synchronization is not influenced at all by the
medium deterioration 30.                 The lock-in range on
synchronization 300 after 100,000 times as shown in  5       Fig. 4d
remains at T2 as in the initial state after one repetition. Hence, as in
the          initial state, a stable acquisition of synchronism is
realized.                 In Figs. 5a-d, the guard data in the guard data
recording field is the same as          the recording pattern of the
synchronous signal field VFO. Moreover, so as not to be
discontinuous at the boundary of the guard data recording field and
synchronous 10     signal field, the phase of the recording pattern is
matched. Fig. 5a shows the data          recording field after one
repetition, Fig. 5b shows the lock-in range on          synchronization,
Fig. 5c shows the data recording field after 100,000 times of
repetition, and Fig. 5d shows the lock-in range on synchronization after
100,000          times of repetition. 15           In the initial state
after one repetition as shown in Fig. 5a, the guard data          recording
field 100 at the record start point of the data recording field 5 is free
from          medium deterioration. The interval of the guard data
recording field in the initial          state is supposed to be T1, and the
interval of the synchronous signal field VFO is          supposed to be T2.
20              The lock-in range on synchronization 400 after one time of
repetition is thus          the sum T1+T2 of interval T1 of the guard data
recording field and interval T2 of the          synchronous signal field
VFO because the signal in the guard data recording field is          the
same recording pattern as in the synchronous signal field VFO and
continuity is          maintained. As compared with T2 of the lock-in range
on synchronization 300 in the 25     recording pattern in which the signal
of the guard data recording field is different          from the
synchronous signal field VFO explained in Figs. 4a-d, the lock-in range in
the present embodiment is extended by the portion of the interval T1 of the
guard          data recording field.                 In the case after
100,000 times of repetition shown in Fig. 5c, at the beginning 30       of
the guard data recording region 100, medium deterioration 30 occurs for an
interval of TC2. Accordingly, the guard data recording field 100 is
shortened to an              WO 98/15951
PCT/JP97/03559                                                 13 



interval T5. However, only the guard data recording field in which guard
data is          recorded is shortened, and the synchronous signal field
VFO necessary for          synchronization is not at all influenced by the
medium deterioration 30.                 The lock-in range on
synchronization 400 after 100,000 times of repetition  5     shown in Fig.
5d is the sum T5+T2 of interval TS of the guard data recording field
100 and interval T2 of the synchronous signal field VFO. As compared with
T2 of          the lock-in range on synchronization 300 in the recording
pattern in which the signal          of the guard data recording field is
different from the synchronous signal field VFO          explained in Figs.
4a-d, the lock-in range is extended by the portion of the interval of 10
the guard data recording field.                 Accordingly, even if after
100,000 recording repetitions causing medium          deterioration at the
record start point, the lock-in range on synchronization is longer
than the interval T2 of the initial synchronous signal field VFO by the
portion of the          interval T5 of the guard data recording field. As a
result, stability and reliability of 15     (phase locked loop (PLL)
synchronization are improved.                 As described herein,
according to the present embodiment, by providing          guard data in
the guard data recording field 100 disposed between the header field 4
and data recording field of the optical disc, with the same recording
pattern as in the          synchronous signal field VFO, and keeping
continuity, the lock-in range on 20     synchronization can be extended
beyond the synchronous signal field VFO, and,          therefore, if medium
deterioration due to repeated recording occurs, the stability          and
reliability of acquisition of synchronism can still be maintained.
Embodiment 4                 Referring now to Fig. 6, an optical disc
device according to a fourth 25       embodiment of the invention is
described, which embodiment is intended to record          and reproduce by
providing the recording pattern guard data recording field at the
beginning of a sector, the guard data being the same as in the synchronous
signal          field VFO. Explanation is omitted for the parts already
described in the optical disc          device in Fig. 19 relating to the
prior art described above.                                               14
What is added to the prior art is a VFO guard data generating circuit 500
and a first record control circuit 201. The VFO guard data generating
circuit 500 generates the same recording pattern in the guard data
recording field 100 and synchronous signal field VFO. The first record
control circuit 201 generates continuous gate timing so as not to cause any
discontinuity between the guard data recording field 100 and synchronous
signal field 5b. As a result, in the guard data recording field 100 and
synchronous signal field 5b, the same recording patterns for
synchronization are generated continuously.       First, a recording
pattern is generated from the VFO guard data generating circuit 500. Then a
modulated data from the data modulation circuit 13 is placed next to the
recording pattern. Such data timing is controlled by the first record
control circuit 201. The combined data is provided to a laser driving
circuit 12 in a later stage, and is recorded on the optical disc.
According to the present embodiment, as described herein, by adding the VFO
guard data generating circuit 500 for generating common recording patterns
in the guard data recording field 100 and synchronous signal field VFO and
the fist record control circuit 201 to the conventional optical disc
device, the recording pattern for synchronization is recorded in the guard
data recording region 100 



between the header field 4 and synchronous signal field VFO, and,
therefore, the lock-in range on synchronization is extended beyond the
interval of the synchronous signal field VFO, so that an optical disc
device enhanced in reliability and stabilization of acquisition of
synchronism even in view of medium deterioration occurring due to repeated
recording can be realized.              WO 98/15951
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Embodiment 5    Fig. 7 is a step-by-step explanation of a recording method
for an optical disc          according to a fifth embodiment of the present
invention for recording and          reproducing the same recording pattern
in the synchronous signal field VFO in the  5       guard data recording
field at the beginning of a sector.                 At step 210, the
optical disc device reads the address information of the          optical
disc by a command from a host system in an address detecting circuit 17
(see          Fig. 6, for example). A system control circuit 18 confirms
whether an address of the          sector is to be recorded or not. 10
At step 211, the record data is coded in a coding circuit 15, and is
modulated          in a data modulation circuit 13 that outputs modulated
data.                 At step 212, to the beginning of the modulated data,
a synchronous signal          VFO for synchronization is added by a VFO
generating circuit 14.                 At step 213, to the beginning of the
synchronous signal VFO, guard data for 15     suppressing the effects of
medium deterioration is added by a guard data generating          circuit
200.                 Then, at step 214, in the corresponding sector to be
recorded, the record data          generated at steps 211, 212, and 213 are
controlled by the first record control circuit          201 and recorded in
the proper order. Specifically, the guard data is recorded in the 20
guard data recording field, and the synchronous signal VFO and user data
are          recorded in the data recording field.                 With
these steps, the data can be recorded and reproduced in the optical disc
in the recording format shown in Fig. L           Embodiment 6 25
Referring now to Figs. 8a-d, an optical disc according to a sixth
embodiment          of the invention is described below, in which the
recording interval of the guard          recording field is changed at
random in every recording.                 In Figs. 8a-d, the variable
recording intervals of the guard data recording          field 100 in
sectors 1, 2, 3, and 4, respectively, are shown.
r~~~~CT/JMr/03559        WO 98/15951
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In Fig. 8a, relating to sector 1, the recording interval of the guard data
recording field 100 is T1, and the interval of the succeeding synchronous
signal field 



VFO is T2. The combined interval of the guard data recording field 100 and
synchronous signal field VFO is T1+T2.  5           In Fig. 8b, relating to
sector 2 next to sector 1, the recording interval of the          guard
data recording field 100 is extended by interval dT compared to sector 1 to
be          T1+dT. The combined interval of the guard data recording field
100 and          synchronous signal field VFO is T1+T2+dT. It is understood
that since the guard          data recording field 100 is extended by dT,
the terminal end of the data recording 10     field is shifted backward by
the same amount.                 In Fig. 8c, relating to sector 3 next to
sector 2, the recording interval of the          guard data recording field
100 is extended by interval 2dT compared to sector 1 to          be T1+2dT.
The combined interval of the guard data recording field 100 and
synchronous signal field VFO is thus T1+T2+2dT. As the guard data recording
field 15       100 is extended by 2dT, the terminal end of the data
recording field is likewise          shifted backward by the same amount.
In Fig. 8d, relating to sector 4 next to sector 3, the recording interval
of the          guard data recording field 100 is T1, as in sector 1. The
combined interval of the          guard data recording field 100 and
synchronous signal field VFO is thus again 20       T1+T2.
According to this scheme, in every recording, the recording interval in the
guard data recording field 100 is randomly changed in every sector at a
time          resolution of dT. The number of bits for randomly changing
this time resolution dT          is determined appropriately by the system
configuration. A specific example with 25     respect to a phase change
optical disc is given below.                 When the channel bit frequency
is 29.18 MHz, for the period t = 34.27 nsec of          one bit of the
channel bit, supposing one byte of data corresponds to 16 channel bits,
16t = 548 nsec is defined to be one byte in the data. The line velocity is
about 6 m/s.          The guard data recording field 100 of interval T1 =
20 bytes changes by 20 bytes + K 30     (K = 0 to 7), in eight types of 0
to 7 bytes, at a resolution in the unit of one byte. By          such
random time shift, since the start point of the synchronous signal field
VFO can                WO 98/15951
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be changed at random, recording deterioration resulting from the same
recording          pattern can be prevented. The recording interval of the
guard data recording field is          20 bytes * 6 m/s * 548 nsec = 66
[err]m.                 Although not shown in Figs. 8a-d, the random time
shift is preferably also  5       given to the guard data recording feld
100 in which the recording pattern is the          same as in the
synchronous signal field VFO. Accordingly, the length of gap field 7 is
changed randomly in every recording. For instance, the gap field interval
of 10          bytes (34 [err]m) is changed in 16 ways corresponding to 0
to 15 channel bits, at the          resolution in the unit of one channel
bit t = 34.27 nsec. This is described in detail 10    later.
When using such random time shift, according to the relation between the
number of times of recording and the deterioration interval in the guard
data          recording field 100, the deterioration interval is 7 [err]m
at 20,000 repeated recordings,          10 [err]m at 50,000 repetitions,
and 33 [err]m at 100,000 repetitions. 15              As a result of
employing random time shift, it is found that the deterioration          of
the recording interval of the guard data recording field 100 is suppressed
to 33 [err]m          even if recording is repeated 100,000 times. The
recording interval of the guard data          recording field 100 is set at
66 [err]m, and even after 100,000 times of recording, the
deterioration of the recording interval is not extended up to the
synchronous signal 20     field VFO, so that the acquisition of synchronism
remains stable. 



Incidentally, since the recording pattern ofthe guard data recording region
is          identical to the synchronous signal VFO, the channel bits
repeating as 00010001,           and alternate repetition of mark and space
in the length of four channel bits on the          recording medium may be
employed.   25       Embodiment 7             Referring now to Fig. 9, an
optical disc device according to a sixth embodiment of          the
invention is described, which is intended to record and reproduce in an
optical          disc while randomly changing the recording interval of the
guard data recording           field in every recording. Explanation is
omitted for the parts already described with respect to the optical disc
device in Fig. 19 relating to the prior art described above.       What is
added to the prior art is a guard data generating circuit 200, a first
record control circuit 201, and a first random changing circuit 220. The
guard data generating circuit 200 generates specific guard data. First, a
guard data is generated from the guard data generating circuit 200. Then a
synchronous signal VFO from a synchronous signal VFO generating circuit 14
is placed next to the guard data, and then modulated data from a data
modulation circuit 13 is placed thereafter. The first random changing
circuit 220 changes the recording interval of the guard data recording
region, by 20 bytes + K (K changing randomly from 0 to 7), at the
resolution of 1 byte. While randomly changing the recording interval of the
guard data recording field, the timing of the combined guard data,
synchronous signal VFO and modulated data is controlled by the first record
control circuit 201, and these record signals are provided to a laser
driving circuit 12 in a later stage, and recorded in the sectors on the
optical disc while changing randomly in every recording.       As described
herein, according to the present embodiment, by adding the guard data
generating circuit 200 for generating guard data, first record control
circuit 201 and first random changing circuit 220 to the conventional
optical disc device, the record start point is changed randomly in every
recording, and thus signal deterioration due to repeated recording of
synchronous signal VFO and user data can be suppressed.  Embodiment 8
Fig. 10 shows a format structure of an optical disc according to an eighth
embodiment of the present invention for recording and reproducing by
randomly changing the length of first and second gap fields, and first and
second guard data recording fields, in every recording, and setting the
changing amount of the first gap field smaller than the changing amount of
the first guard data recording field. Explanation is omitted for the parts
already described in the format structure shown in Fig. 18 relating to the
prior art described above.
19 



What is added to the prior art is a mirror field 270 used to adjust a servo
signal, a first gap field 271 of no-signal interval, a first guard data
recording field 272 for recording guard data, a second guard data recording
field 273 for recording guard data next to the data recording field 5, and
a second gap field 274 of no-signal interval.        Herein, the recording
interval of the first and second gap fields 271, 274, and first and second
guard data recording fields 272, 273 is changed randomly in each sector in
every recording.        Fig. 11 depicts an optical disc device for
recording and reproducing in an optical disc by randomly changing the
length of first and second gap fields, and first and second guard data
recording fields, in every recording, and setting the changing amount of
the first gap field smaller than the changing amount of the first guard
data recording field. Explanation is omitted for same parts already
described with respect to the optical disc device of Fig. 19 relating to
the prior art described above.        What is added to the prior art device
is a guard data generating circuit 200, a second record control circuit
230, a second random changing circuit 240, and a polarity inverting circuit
250. The guard data generating circuit 200 generates specific guard data.
First, a guard data is generated from the guard data generating circuit
200. Then a synchronous signal VFO from a synchronous signal VFO generating
circuit 14 is placed next to the guard data, and then modulated data from a
data modulation circuit 13 is placed thereafter. The second random changing
circuit 240 changes randomly the recording interval of the first and second
gap fields. For example, the first gap field is changed by 10 bytes + J/16
(J changing randomly from 0 to 15) in every recording. Since the resolution
of the changing amount is J/16, one byte is composed of 16 bits in channel
bits. The second gap field is changed by 25 bytes - J/16 (J changing
randomly from 0 to 15) in every recording. Accordingly, the total length of
the recording interval of the first gap field and the recording interval of
the second gap field is kept constant. Moreover, the second random changing
circuit 240 also randomly changes the recording intervals of the first and
second guard data recording fields. For example, the first guard data
recording field is changed by 20 bytes + K (K changing randomly from 0 to
7, at the resolution of 1 byte. Similarly,               WO 98/15951
PCT/JP97/03559                                                 20
the second guard data recording field is changed by 55 bytes - K (K
changing          randomly from 0 to 7), at the resolution of 1 byte.
Herein, the total length of the          recording interval of the first
guard data recording field and the recording interval          of the
second guard data recording field is also kept constant.  5
While randomly changing the recording interval of the first and second gap
fields and first and second guard data recording fields, the timing of the
combined          guard data, synchronous signal VFO, and modulated data is
controlled in the second          record control circuit 230. The record
signal composed of these signals is passed to          the polarity
inverting circuit 250 in a later stage, and the polarity of the record
signal 10     is changed randomly in the sector interval in every
recording. The record signal          from the polarity inverting circuit
250 is provided to a laser driver circuit 12, and the          recording
interval of the first and second gap fields and the recording interval of
the          first and second guard data recording fields are changed
randomly, and the polarity          of the record signal is changed
randomly and is recorded in the sector on the optical 15     disc.
Referring now to Fig. 12, a structural example of the second random
changing circuit 240 is described. In Fig. 12, a random changing circuit
701 is 



composed of 13 stages of shift registers 702, and is designed to receive a
clock 703          and a random update command 704. By the command of the
random update 20       command 704, the signal polarity and the changing
amount are determined          randomly by a one-bit signal 705 for
determining the polarity of record signal, a          four-bit signal 706
for determining the changing amount of the first and second gap
fields, and a three-bit signal 707 for determining the changing amount of
the first          and second guard data recording fields.  25
Fig. 13 is a flowchart showing the operation for rewriting the record
information of a sector by this optical disc device.
Referring also to Fig. 11, the operation is described below according to
the           flowchart in Fig. 13.                  At step 261, the
optical disc device reads the address information of the 30       optical
disc by the command from a host system in an address detecting circuit 17.
A              WO 98/15951                                 PCT/JP97/03559
21            system control circuit 18 confirms whether an address of a
sector is to be recorded or          not.                 At step 262, the
record data is coded in a coding circuit 15, and is modulated          in a
data modulation circuit 13 that outputs modulated data.  5             At
step 263, to the beginning of the modulated data, a synchronous signal
VFO for synchronization is added by a VFO generating circuit 14.
At step 264, to the first guard data recording field at the beginning of
the          synchronous signal VFO and the second guard data recording
field consecutive to          the user data, guard data for suppressing the
effects of medium deterioration are 10       added by a guard data
generating circuit 200.                 At step 265, the changing amount of
the recording interval of the first and          second gap fields is
determined randomly by the changing amount of 0 to 15 channel
bits, at the resolution of one channel bit. Similarly, the changing amount
of the          recording interval of the first and second guard data
recording fields is determined 15       randomly by the changing amount of
0 to 7 bytes, at the resolution of one byte. That          is, by the
extended portion of the first gap field, the length of the second gap field
becomes shorter, and the total length is unchanged. Similarly, the total
length of the          first and second guard data recording fields does
not vary.                 At step 266, while randomly changing the
recording interval of the first and 20     second gap fields and first and
second guard data recording fields, a record signal is          created
from the combined guard data, synchronous signal VFO, and modulated
data.                 At step 267, it is determined whether to invert the
polarity of the record          signal. 25           At step 268, if
determined to invert the polarity at step 267, the polarity of the
record signal is inverted.                 At step 269, the record signals
determined in step 263 through step 268 are          recorded in the
corresponding sectors to be recorded.                 According to the
above-described scheme, the signals are recorded in the 30       optical
disc in the format as shown in Fig. 10.      
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The random changing state of the first and second gap fields and first and
second guard data recording fields is explained with reference to Figs.
14a-d. Figs.          14a-d depict a recording format in the sector by
randomly changing the length of the          first and second gap fields
and first and second guard data recording fields by the  5     above
method. On the sector of optical disc are formed an address signal 401, a
first          gap field 402, a first guard data recording field 403, a
record signal 404 composed of          synchronous signal VFO and user
data, a second guard data recording field 405, and          a second gap
field 406.                 Fig. 14a shows a case in which the changing
amount J of the first gap field 10     402 is the minimum J=0, and the
changing amount K of the first guard data          recording field 403 is
the minimum K=0. Therefore, the length of the first gap field          402
is the minimum value of G1min, and the length of the second gap field 406
is the          maximum value of G2max. The length of the first guard data
recording field 403 is          the minimum value of D1min, and the length
of the second guard data recording 15     field 405 is the maximum value of
D2max. In the case shown in Fig. 14a, the record          signal 404 is
located at the foremost position in the sector.                 In Fig.
14b, J=Jmax and K=0, in Fig. 14c, J=0, K=Kmax, and in Fig. 14d,
J=Jmax, K=Kmax. Herein, Jmax is the maximum changing amount of the gap
field,          which is usually 15 channel bits, and Kmax is the maximum
changing amount ofthe 20     guard field, which is usually 7 bytes. In the
case shown in Fig. 14d, the record signal          404 is located at the
rearmost position in the sector. The length of the first gap field
402 is the maximum value of G1max, and the length of the second gap field
406 is the          minimum value of G2min. The length of the first guard
data recording field 403 is          the maximum value of D1max, and the
length of the second guard data recording 25     field 405 is the minimum
value of D2min.                 Figs. 15a-b show schematic diagrams of
deterioration of a sector. In Fig. 15a,          J=0, K=0, and in Fig.15b,
J=Jmax, K=Kmax. As shown in the diagram, start end          deterioration
501 occurs in the first guard data recording field 403, and a start end
deterioration region 504 is formed in a total length of the maximum
changing 30       amount Jmax portions of the first and second gap fields.
Similarly, terminal end          deterioration 502 occurs in the second
guard data recording field 405, and a              WO 98/15951
PCT/JP97/03559                                                 23
terminal end deterioration region 505 is formed in a total length of the
maximum          changing amount Jmax portions of the first and second gap
fields. However, this          deterioration region is in the first and
second guard data recording fields, and          further expansion of the
start end and terminal end deterioration regions is  5     prevented, and
hence the deterioration region does not detrimentally affect the
record signal 404 composed of the synchronous signal VFO and user data.
Incidentally, in the record signal 404 composed of the synchronous signal
VFO and user data, since the recording interval is randomly changed and
expanded          at the resolution of one byte, the range 506 for inducing
local oscillation is expanded, 10     and the local deterioration 503 is
dispersed, so that the effects of local deterioration          may be
decreased. 



In actual recording operation, J is a channel bit, and one byte is composed
of          16 channel bits, and K is a larger value as compared with J.
Therefore, the positions          of the first and second gap fields change
randomly and minutely, while the recording 15     position changes rather
widely in the record signal 404 enclosed by the first and          second
guard data recording fields.                 In this embodiment, J is set
in channel bit unit, and K in byte unit, to satisfy          the following
requirements. That is, the random shift of the first and second gap
fields is small in scale so as not to expand the deterioration region at
the recording 20       start and terminal end, and random shift of channel
bit in the minimum unit for          handling digital data is realized,
whereas local deterioration is dispersed by          increasing the
changing amount of the recording fields of the synchronous signal
and user data record signal, and the arrangement of information is simple.
The first and second guard data recording fields are intended to prevent
the 25       deterioration phenomenon occurring at the start and terminal
end due to repeated          recording from propagating to the record
signals such as synchronous signal VFO          and user data. Therefore,
from the viewpoint of preventing expansion of the          deterioration
region, the random shift should not be increased too much.
The local deterioration in record signals such as synchronous signal VFO
and 30       user data should be preferably dispersed by expanding the
inducting region by                                                24
changing in byte unit,  thereby lowering the possible rate of effects due
to deterioration.       Usually, when handling digital data, it is
preferred to handle the data in byte units. However, if the random shift is
handled in the byte unit alone, deviation occurs in byte unit, and
deterioration in byte unit is likely to occur, and therefore as compared
with the random shift in channel bit unit, the deterioration preventive
effect of the medium is decreased. On the other hand, if random shift is
always handled in channel bit unit only a fractional shift of 5 bits or 9
bits occurs, and signal processing is difficult in reproduction.        In
this embodiment, accordingly, the random shift in the first and second gap
fields in no-signal interval is in channel bit unit, so that deterioration
in byte unit can be prevented, and effects of deterioration in byte unit
can be prevented, and effects of deterioration at start and terminal end of
a sector can be effectively suppressed. In the record signals of
synchronous signal VFO and user data, if the random shift is handled in
byte unit, the region to be recorded is expanded, and hence deterioration
in mark unit can be dispersed, and, moreover, the data to be reproduced can
be handled in byte unit, so that no inconvenience is caused in signal
processing in reproduction.       As a result, the recording position of
record signal 404 of synchronous signal VFO or user data as seen from the
entire sector is changed over in two stages of random shift, that is, large
random shift and small random shift, in every recording. In the embodiment,
for two types of deterioration, that is, deterioration at start and
terminal end of a sector and local deterioration occurring in every mark,
effects of these deteriorations on recording and reproducing of information
can be effectively decreased.       Further according to the present
embodiment, the polarity of the record signal is inverted randomly in every
recording. Figs. 16a-c shows the relation between the polarity of the
record signal and the actual recording state on an optical disc. In the
sector of the optical disc are formed an address signal 604, a first gap
field 606, a first guard data recording field 601, a record signal 607
composed of  
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25           synchronous signal VFO and user data, a second guard data
recording field 608, and         a second gap field 609.                The
record signal 601, if not inverted in polarity, is recorded in the
recording         medium in a state of 602, and if inverted in polarity, is
recorded in the recording  5     medium in a state of 603. That is, by
inverting the polarity, the non-fused portion          and the fused
portion of the foil forming a mark are completely opposite, so that a
further effect is added to prevention of deterioration.                Fig.
17 is a diagram showing the result of an experiment confirming the effect
of random shift of the invention. In this experiment, after repeatedly
recording the 10     same data signals in the sector of the optical disc,
the jitter values are shown. After          recording repeatedly 100,000
times, on the basis of the guideline of error probability          of less
than once in 10,000 times at the time of demodulation, the jitter value of
15 %          or less is regarded as the standard of data reproduction.
In curve 50, the maximum changing amount of the first gap field is Jmax=15
15     channel bits, and the maximum changing amount of the first guard
data recording          field is Kmax=7 bytes, and in curve 51, the maximum
changing amount of the first          gap field is Jmax=15 channel bits,
and the maximum changing amount of the first          guard data recording
field is Kmax=7 bytes, and polarity inversion is included.
As can be seen from curves 50 and 51, the desired conditions can be
satisfied  20       by the maximum changing amount of the first gap field
of Jmax=15 channel bits,          maximum changing amount of the first
guard data recording field of Kmax=7 bytes,          and inclusion of
polarity inversion. From the viewpoint of disc capacity, it is desired
that the changing amounts of the first gap field and first guard data
recording field          be as small as possible, and hence it is judged
that the combination of maximum 25       changing amount of the fist gap
field of Jmax=15 channel bits, maximum changing          amount of the
first guard data recording field of Kmax=7 bytes, and polarity
inversion is preferred.                 In the stage of the present
experiment, incidentally, the random shift was          Jmax=15 channel
bits and Kmax=7 bytes, but, in the future, along with the technical  30
progress such as development of high performance recording thin film
material, it is           believed that the error probability rate may be
lower than once in 10,000 times in              WO 98/15951
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demodulation after 100,000 times of repeated recording even at a smaller
shift          width. In such a case, too, according to the invention, as
in this embodiment, it is          possible to suppress the effects of the
deterioration phenomenon on the accurate          recording and reproducing
of information at a certain limited random shift amount.  5
Thus, according to the present embodiment, by randomly changing the 



length of the first gap field and first guard field in every recording, and
by inverting          the polarity of record signal in every recording, at
the maximum changing amount of          the first gap field of Jmax=15
channel bits, maximum changing amount of the first          guard data
recording field of Kmax = 7 bytes, signal processing is facilitated in a 10
limited random shift amount, and effects of the two types of deterioration
phenomenon in every sector and in every mark on the accurate recording and
reproducing of information can be suppressed.                 In the
present embodiment, by setting the recording pattern of guard data in
the first guard data recording field to the same recording pattern in the
synchronous 15     signal field, and keeping continuous the phase of the
record signal between the first          guard data recording field and
synchronous signal interval, the synchronous signal          interval is
expanded, and system stability can be enhanced.                 Moreover,
in the optical disc device using the reproduced light output and at
least one type or more of recorded light output, regardless of the type of
the 20     recording medium, evidently, the invention can be applied not
only in the phase          change optical disc, but also in magneto-optical
discs and others.
27      WHAT IS CLAIMED IS:      1. An optical disc, comprising: a
plurality of sectors disposed on a track of the optical disc,  each of said
sectors including (i) a header field containing a sector identification
signal, and (ii) a  data recording field containing a synchronous signal
field, and each of said sectors also including  a guard data recording
field, disposed between said header field and said data recording field,
for  recording guard data.       2. An optical disc of claim 1, wherein
said synchronous signal field contains a synchronous  signal for
synchronizing a starting portion of said data recording field and user data
is disposed  adjacent the synchronous signal.       3. An optical disc of
claim 1, wherein the guard data in said guard data recording field is the
same as a recording pattern of the synchronous signal.       4. An optical
disc of claim 3, wherein the phase of the recording pattern is continuous
near  the boundary of said guard data recording field and said synchronous
signal field.   



5. An optical disc of claim 1, wherein a recording interval of said guard
data recording field  is randomly changeable in every recording.       6.
An optical disc of claim 5, wherein the recording interval of said guard
data recording  field is changeable by an amount of 7 bytes or less, and is
randomly changeable by a unit of 1  byte, in every recording.
7. An optical disc of claim 6, wherein the period of 1 byte is 548 ns and
the frequency of a  channel bit for composing 1 byte by 16 channel bits is
29.18 Mhz.       8. An optical disc having a plurality of sectors, each one
of said sectors, sequentially  comprising: a first gap field with a
no-signal interval, a first guard data recording field for  recording guard
data, a data recording field containing a_synchronous signal and following
user  data, a second guard data recording field for recording the guard
data, and a second gap field with  a no-signal interval, the total length
of said first and second gap fields being constant, the total  length of
said first and second guard data recording fields being constant, the
length of said first  and second gap fields and the length of said first
and second guard data recording fields being  randomly changeable in every
recording, and the changing amount of said first and second gap  fields
being smaller than the changing amount of said first and second guard data
recording  fields.      9. An optical disc having a plurality of sectors,
each one of said sectors, sequentially  comprising: a first gap field with
a no-signal interval, a first guard data recording field for  recording
guard data, a data recording field containing a synchronous signal and
following user  data, a second guard data recording field for recording the
guard data, and a second gap field with  a no-signal interval, the total
length of said first and second gap fields being constant, the total
length of said first and second guard data recording fields being constant,
the length of said first 



and second gap fields and the length of said first and second guard data
recording fields being  randomly changeable in every recording, and the
changing amount of said first and second gap  fields being smaller than the
changing amount of said first and second guard data recording  fields,
wherein the resolution of the changing amount of said first gap field is a
channel bit unit,  and the resolution of the changing amount of said first
guard data recording field is a byte unit.       10. An optical disc having
a plurality of sectors, each one of said sectors, sequentially  comprising:
a first gap field with a no-signal interval, a first guard data recording
field for  recording guard data, a data recording field containing a
synchronous signal and following user  data, a second guard data recording
field for recording the guard data, and a second gap field with  a
no-signal interval, the total length of said first and second gap fields
being constant, the total  length of said first and second guard data
recording fields being constant, the length of said first  and second gap
fields and the length of said first and second guard data recording fields
being  randomly changeable in every recording, and the changing amount of
said first and second gap  fields being smaller than the changing amount of
said first and second guard data recording  fields,         wherein the
polarity of the guard data and signal in the data recording field is
randomly  changeable in every recording.       11. An optical disc of claim
9, wherein the resolution of the changing amount of said first gap field is
15 channel bits or less, and the resolution of the changing amount of said
first guard  data recording field is 7 bytes or less.       12. An optical
disc having a plurality of sectors, each one of said sectors, sequentially
comprising: a first gap field with a no-signal interval, a first guard data
recording field for 



recording guard data, a data recording field containing a synchronous
signal andfollowing user  data, a second guard data recording field for
recording the guard data, and a second gap field with
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a no-signal interval, the total length of said first and second gap fields
being constant, the total  length of said first and second guard data
recording fields being constant, the length of said first  and second gap
fields and the length of said first and second guard data recording fields
being  randomly changeable in every recording, and the changing amount of
said first and second gap  fields being smaller than the changing amount of
said first and second guard data recording  fields,         wherein the
guard data in said first and second guard data recording fields is the same
as the recording pattern of the synchronous signal.       13. An optical
disc device, operative on an optical disc having a plurality of sectors
divided  from a track, each of said sectors having a header field
containing a sector identification signal  and a data recording field
containing a synchronous signal field, the optical disc device,
comprising: guard data generating means for generating guard data; and
first record controlling means for recording the guard data in a guard data
recording field disposed between said header  field and said data recording
field.       14. An optical disc device of claim 13, wherein said
synchronous signal field includes a synchronous signal for synchronizing a
starting portion of said data recording field and user data  is disposed
adjacent the synchronous signal.      15. An optical disc device of claim
13, wherein the guard data in said guard data recording  field is the same
as a recording field is the same as a recording pattern of the synchronous
signal.    



31          16. An optical disc device of claim 15, wherein the phase of
the recording pattern is  continuous near the boundary of said guard data
recording field and said synchronous signal  field.       17. An optical
disc device of claim 13, further comprising first random changing means for
randomly changing the recording interval of said guard data recording
field.       18. An optical disc device of claim 17, wherein said random
changing means randomly  changes a changing amount of 7 bytes or less of
the guard data recording field in every recording  with a resolution unit
of 1 byte.       19. An optical disc device of claim 18, wherein the period
of 1 byte is 548 ns and the  frequency of a channel bit for composing 1
byte by 16 channel bits is 29.18 MHz.      20. An optical disc device,
operative on an optical disc having a plurality of sectors divided  from a
track, comprising:         guard data generating means for generating guard
data in first and second guard data  recording fields;         synchronous
signal generating means for generating a synchronous signal;         random
changing means for (i) randomly changing in every recording the length of
first  and second gap fields with no-signal intervals, the total length of
said first and second gap fields  being constant, (ii) randomly changing in
every recording the length of first and second guard  data recording fields
, the total length of said first and second guard data recording fields
being         



constant, and (iii) controlling the change amount of said first and second
gap fields to be smaller  than the change amount of said first and second
guard data recording fields; and         record controlling means for (i)
forming each sector comprising sequentially a first gap  field with a
no-signal interval, a first guard data recording field for recording guard
data, a data  recording field containing a synchronous signal and following
user data, a second guard data  recording field for recording guard data,
and a second gap field with a no-signal interval, and for  (ii) recording
signals in said first and second guard data recording fields and said data
recording  fields, on the basis of the changing amount of said first and
second gap fields and the changing  amount of said first and second guard
data recording fields.      21. An optical disc device, operative on an
optical disc having a plurality of sectors divided  from a track,
comprising:         guard data generating means for generating guard data
in first and second guard data  recording fields;         synchronous
signal generating means for generating a synchronous signal;         random
changing means for (i) randomly changing the length of first and second gap
fields with a no-signal interval in every recording, the total length of
said first and second gap fields being constant,(ii) randomly changing the
length of first and second guard data recording  fields in every recording,
the total length of said first and second guard data recording fields
being constant, and (iii)controlling the change amount of said first and
second gap fields to be  smaller than the changing amount of said first and
second guard data recording fields; and         record controlling means
for (i)forming each sector comprising sequentially a first gap  field with
a no-signal interval, a first guard data recording field for recording
guard data, a data  recording field containing a synchronous signal and
following user data, a second guard data
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recording field for recording guard data, and a second gap field with a
no-signal interval, and for  (ii) recording signals in said first and
second guard data recording fields and said data recording  fields, on the
basis of the changing amount of said first and second gap fields and the
changing  amount of said first and second guard data recording fields,
wherein the resolution of the  changing amount of said first and second gap
fields is in the unit of channel bits, and the  resolution of the changing
amount of the first and second guard data recording fields is in the unit
of bytes.      22. An optical disc device, operative on an optical disc
having a plurality of sectors divided  from a track, comprising:
guard data generating means for generating guard data in first and second
guard data  recording fields;         synchronous signal generating means
for generating a synchronous signal;         random changing means for (i)
randomly changing the length of first and second gap  fields with a
no-signal interval in every recording, the total length of said first and
second gap  fields being constant,(ii) randomly changing the length of
first and second guard data recording  fields in every recording, the total
length of said first and second guard data recording fields  being
constant, and (iii) controlling the change amount of said first and second
gap fields to be  smaller than the changing amount of said first and second
guard data recording fields; and         record controlling means for (i)
forming each sector comprising sequentially a first gap  field with a
no-signal interval, a first guard data recording field for recording guard
data, a data  recording field containing a synchronous signal and following
user data, a second guard data  recording field for recording guard data,
and a second gap field with a no-signal interval, and for  (ii) recording
signals in said first and second guard data recording fields and said data
recording      



fields, on the basis of the changing amount of said first and second gap
fields and the changing  amount of said first and second guard data
recording fields, further comprising polarity changing  means for randomly
changing the polarity of the guard data and signals in the data recording
field  in every recording.       23. An optical disc device of claim 21,
wherein the random changing means changes said  first gap field by an
amount of 15 channel bits or less in every recording, and changes said
first  guard data recording field by an amount of 7 bytes or less.
24. An optical disc device, operative on an optical disc having a plurality
of sectors divided  from a track, comprising:         guard data generating
means for generating guard data in first and second guard data  recording
fields;         synchronous signal generating means for generating a
synchronous signal;         random changing means for (i) randomly changing
the length of first and second gap  fields with a no-signal interval in
every recording, the total length of said first and second gap  fields
being constant,(ii) randomly changing the length of first and second guard
data recording  fields in every recording, the total length of said first
and second guard data recording fields  being constant, and (iii)
controlling the change amount of said first and second gap fields to be
smaller than the changing amount of said first and second guard data
recording fields; and         record controlling means for (i) forming each
sector comprising sequentially a first gap  field with a no-signal
interval, a first guard data recording field for recording guard data, a
data  recording field containing a synchronous signal and following user
data, a second guard data  recording field for recording guard data, and a
second gap field with a no-signal interval, and for        



(ii) recording signals in said first and second guard data recording fields
and said data recording  fields, on the basis of the changing amount of
said first and second gap fields and the changing  amount of said first and
second guard data recording fields, wherein the guard data in said first
and second guard data recording fields is the same as the recording pattern
of the synchronous  signal.       25. A recording method, comprising the
steps of: providing an optical disc having a plurality  of sectors divided
from a track, each of said sectors having a header field containing a
sector  identification signal and a data recording field containing a
synchronous signal field; and  recording guard data in a guard data
recording field disposed between said header field and said  data recording
field.      26. A recording method for an optical disc of claim 25, further
comprising providing said  synchronous signal field with a synchronous
signal for synchronizing a starting portion of said  data recording field
and providing user data adjacent the synchronous signal.      27. A
recording method for an optical disc of claim 26, further comprising
providing guard  data in said guard data recording field that is the same
as the recording pattern of the synchronous  signal.      28. A recording
method for an optical disc of claim 27, further comprising setting the
phase  of the recording pattern to be continuous near the boundary of said
guard data recording field and  said synchronous signal field.



29. A recording method for an optical disc of claim 25, further comprising
randomly  changing in every recording the recording interval of said guard
data recording field.       30. A recording method for an optical disc of
claim 29, further comprising setting the  changing amount of the recording
interval of said guard data recording field to 7 bytes or less,  and
randomly changing the amount in every recording by a unit of 1 byte.
31. A recording method for an optical disc of claim 30, further comprising
setting the period  of 1 byte to 548 ns and the frequency of a channel bit
for composing 1 byte by 16 channel bits to  29.18 MHz.       32. A
recording method for an optical disc having a plurality of sectors divided
from a track,  the method comprising the steps of:         forming a sector
structure comprised sequentially of a first gap field with a no-signal
interval, a first guard data recording field for recording guard data, a
data recording field  containing a synchronous signal and following user
data, a second guard data recording field for  recording the guard data,
and a second gap field with a no-signal interval;         setting the total
length of said first and second gap fields constant, setting the total
length  of said first and second guard data recording fields constant,
when recording, randomly changing the lengths of said first and second gap
fields and  randomly changing the lengths of said first and second guard
data recording fields in every  recording and         controlling the
change amount of said first and second gap fields to be smaller than the
changing amount of said first and second guard data recording fields.
37         33. A recording method for an optical disc having a plurality of
sectors divided from a track,  the method comprising the steps of: 



forming a sector structure comprised sequentially of a first gap field with
a no-signal  interval, a first guard data recording field for recording
guard data, a data recording field  containing a synchronous signal and
following user data, a second guard data recording field for  recording the
guard data, and a second gap field with a no-signal interval;
setting the total length of said first and second gap fields constant,
setting the total length  of said first and second guard data recording
fields constant,         when recording, randomly changing the lengths of
said first and second gap fields and  randomly changing the lengths of said
first and second guard data recording fields in every  recording,
controlling the change amount of said first and second gap fields to be
smaller than the  changing amount of said first and second guard data
recording fields,         further comprising setting the changing amount of
said first gap field to a resolution unit  of channel bits, and setting
the_changing amount of said first guard data recording field to a
resolution unit of bytes.      34. A recording method for an optical disc
having a plurality of sectors divided from a track,  the method comprising
the steps of:         forming a sector structure comprised sequentially of
a first gap field with a no-signal  interval, a first guard data recording
field for recording guard data, a data recording field  containing a
synchronous signal and following user data, a second guard data recording
field for  recording the guard data, and a second gap field with a
no-signal interval;  randomly changing in every recording the polarity of
the guard data and signals in said data  recording field;
setting the total length of said first and second gap fields constant,
setting the total length  of said first and second guard data recording
fields constant,  



when recording, randomly changing the lengths of said first and second gap
fields and  randomly changing the lengths of said first and second guard
data recording fields in every  recording and         controlling the
change amount of said first and second gap fields to be smaller than the
changing amount of said first and second guard data recording fields.
35. A recording method for an optical disc of claim 33, further comprising
setting the  changing amount of said first gap field of 15 channel bits or
less, and setting the changing  amount of said first guard data recording
field to 7 bytes or less.       36. A recording method for an optical disc
having a plurality of sectors divided from a track,  the method comprising
the steps of:         forming a sector structure comprised sequentially of
a first gap field with a no-signal  interval, a first guard data recording
field for recording guard data, a data recording field  containing a
synchronous signal and following user data, a second guard data recording
field for  recording the guard data, and a second gap field with a
no-signal interval setting the guard data  in said first and second guard
data recording fields to be the same as the recording pattern of the
synchronous signal;         setting the total length of said first and
second gap fields constant, setting the total length  of said first and
second guard data recording fields constant,
39            when recording, randomly changing the lengths of said first
and second gap fields and  randomly changing the lengths of said first and
second guard data recording fields in every  recording and
controlling the change amount of said first and second gap fields to be
smaller than the  changing amount of said first and second guard data
recording fields.   



37. An optical disc having a plurality of sectors, each of one of said
sectors, sequentially  comprising: a guard data recording field for
recording guard data, a data recording field  containing a synchronous
signal and following user data, the guard data in said guard data
recording field being the same as a recording pattern of the synchronous
signal, and the phase of  the recording pattern being continuous at the
boundary of said guard data recording field and said  data recording field.
38. An optical disc device, operative on an optical disc having a plurality
of sectors divided  from a track, comprising:                 guard data
generating means for generating guard data;                 synchronous
signal generating means for generating a synchronous signal; and
first record controlling means for (i) forming each sector comprising
sequentially  a guard data recording field for recording guard data, and a
data recording field containing the  synchronous signal and following user
data, (ii) setting the guard data in said guard data  recording field to be
the same as a recording pattern of the synchronous signal and the phase of
the recording pattern to be continuous at the boundary of said guard data
recording field and said  data recording field, and (iii) recording signals
in the guard data recording field and the data  recording field.
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39. A recording method for an optical disc having a plurality of sectors
divided from a track, the method comprising:               forming a sector
structure comprised sequentially of a guard data recording field for
recording guard data and a data recording field containing a synchronous
signal and following  user data,               setting the guard data in
said guard data recording field to be the same as a recording pattern of
the synchronous signal, and 



setting the phase of the recording pattern to be continuous at the boundary
of said  guard data recording field and said data recording field.      40.
An optical disc of claim 5, wherein the recording pattern of the guard data
in said guard data recording field repeats a mark and space with a length
of 4 channel bits, and the recording interval of said guard data recording
field is randomly changeable by an amount of 7 bytes or less  in units of 1
byte.      41. An optical disc of claim 40, wherein the recording pattern
of the guard data in said guard data recording field repeats a pattern of
channel bits 00010001.      42. An optical disc device of claim 17, wherein
the random changing means is for changing the recording pattern of the
guard data in said guard data recording field and repeats a mark and space
with a length of 4 channel bits, and the recording interval of said guard
data recording field is randomly changeable by an amount of 7 bytes or less
in units of 1 byte.                                                      41
43. An optical disc device of claim 42, wherein the recording pattern of
the guard data in said guard data recording field repeats a pattern of
channel bits 00010001.      44. A recording method of claim 29, wherein the
recording pattern of the guard data in said guard data recording field is
changed to repeat a mark and space with a length of 4 channel bits, and the
recording interval of said guard data recording field is randomly
changeable by an amount of 7 bytes or less in units of 1 byte.      45. A
recording method of claim 44, wherein the recording pattern of the guard
data in said  data recording field repeats a pattern of channel bits
00010001.      46. An optical disc of claim 37, wherein a recording level
of said guard data recording field is randomly changeable in every
recording.      47. An optical disc of claim 38, further comprising first
random changing means for randomly changing the recording interval of said
guard data recording field.      48. A recording method for an optical disc
of claim 39, further comprising randomly changing in every recording the
recording interval of said guard data recording field.    


