TITLE OF THE INVENTION
OPTICAL DISK, AND INFORMATION RECORDING/REPRODUCTION

APPARATdS
BACKGROUND OF THE INVENTION

l. Field of the Invention

The invention relates to a high density optical disk on
which recording and reproduction of information are
conducted with respect to a land and a.groove of a track,
and also to an information recording/reproduction apparatus
which conducts recording and reproduction of information on

the optical disk.

2. Description of the Prior Art
An oétical disk is- a high density memory which has'a

large capacity, on which non-contact recording and
reproduction can be conducted, and which can be replaced
with_%&other_one. Capacities of typical optical -disks are
as folléws: When an bptical'head of a lens NA of 0.5 is
used, a 130-mm disk has a capacity of 300 to 500 MB per
face, and a 90-mm disk has a capacity of about 128 to 250 MB
pér face. For a multimedia purpose, a high density

recording/reproduction technique which uses a.short-
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- wavelength laser of 680 nm to obtain a capacity that is

about 2 to 4 times the above-mentioned capacities has been
studied. .

Fig. 10 shows plan views (upper ones) and section views
(lower ones) of continuous servo track formats in the prior
art. |

Fig. 10(a) shows a continuous servo track which is

- employed in a 130-mm or 90-mm optical disk of the prior art

and which is of a iand record track format. In the land
record track format, a track consists of a groove 2 which is
formed on a transparent substrafe'l and which has a depth of
2/(8°n) (1 is the wavelength of a laser, and n is the
refractive index of the substrate 1. The same applies to

the_followings.), and pits 4 constituting a sector

identification (ID) signal, and record marks 5 are recorded

onto a land 3 sandwiched by the tracks. The pits 4 for the
ID signal are convex-concave pits having a phase depth of

L/(4°n).

.%Be track pitch is ‘selected so as to be about 1 /NAa
which ié obtained from the laser waveléngth (%) and a lens
apertur; (NA). In the prior art disk, since the lands must
remain to exist between the grooves 2 and the ID signal pits’

4, it is difficult to reduce the track pitch to 1.3 gm or

- less in the view point of a land forming process.



Fig. 10(b) shows an example of a groove record tracg
format in which tracks are formed by simple grooves 6 having
a phése depth of 1 /(8Nn) and lands 7, and pits 8
constituting an ID signal and record marks 9 wherein data
signals are recorded are recorded into the grooves 6. Since
such a gréove record track has a track structure consisting
of the simple grooves 6, a disk of-a track pitch which is 1

g m or less can easily be produced.

Fig. 10(c) shows an example of a land/groove record
frack format in which groove record tracks are formed by
setting the width of grooves 11 having a depth of about
2 /(8°n) to be one-half of the track pitch,ﬁénd signals 12
are recorded also onto lands 10. In principle, this
land/groove recording can achieve an area recording density

which is twice that of the land recording of Fig. 1l0(a).

é?nerally, when a track pitch is to be reduced, there
arise.problems in a cross-talk of a signal recorded in an
adjacent. track, in a cross—-erase in which also signals into
two adjacent tracks are erased by conducting a data
recordiné, and in the stability of a tracking servo.

The stability of a tracking servo will be discussed.

In the land record track 10 for the land/groove recording of
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Fig. 10(c), the track pitch is one-half of 1 /NA. In the
case where 1 is 830 nm and NA is 0.5, even when the pitch
of tracks for recording signals is 0.8 zm, the tracking:
servo can be conducted with respect to the track pitch of
1.6 um consisting of each groove and land. Consequently,
the tracking can be done stably by either of the 3-beam
method and the push-pull method which are conventionally

employed.

Even in the land/groove recording in which recording is
condﬁcted as described above, whern the track pitch is
further reduced in order to increase the recording density,
£here arises a problem in that a cross—talk between the

track of the groove 11 and that of the land 10 occurs.

Specifically, in the case where an optical head in
which the laser wavelength A is 830 nm and the lens |
aperture NA is 0.5 is used, a cross-talk of -30 to -35 dB
occugs’when the track pitch is 1.6 pgm, and that of -15 to -
20 dB'bccurs when the track pitch is 0.8 pgm, thereby
producing a problem in that an ID signal and a data signal

cannot be reproduced normally.

Particularly, there arise the following problems: 1In a

track search process, the confirmation of a target track is
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made difficult by reproduction errors such as that an ID
signal is caused to be erroneously reproduced by an effect
of a cross-talk on the ID signal, and that an ID signal of
an adjacent track is erroneously reproduced. 1In a recording
process conducted on an unrecorded sector, even when an ID
signal leaks from an adjacent track, the reproduction is
apparently conducted in a normal manner, thereby causing
data to be recorded into a wrong sector.

In the groove/land recording conducted as described
above, however, the track density is doubled, and hence
there arises a problem in that, in a recording or |
Feproducing process, a cross-talk, or a cross-erase produces
errors which exceed a criterion, so that defective sectors

are generated in an increased number.



10

15

20

—_—
This Sheet Has B

o I

SUMMARY OF THE INVENTION

In accordance with the invention, there is provided an optical information
recording/reproduction apparatus by which information is recorded on and/or reproduced
from an optical disk,

said optical disk comprising:

a spiral first track formed into a groove-like shape; and a spiral second track formed
into a land-like shape,

these first and second tracks being formed on the same recording plane, and

said apparatus comprising:

an optical head which irradiates said tracks with a light beam to record and/or
reproduce a signal;

track designation means for selecting one of said first and second tracks, in order to
record and/or reproduce information;

focus means for focusing the light beam of said optical head on a track;

tracking means for causing said track to be tracked, and for selectively tracking said
first and second tracks; |

track search means for moving said optical head in order to search a track;

signal generation means for amplifying a signal reproduced by said optical head;

address reproduction means for reading out address signals of said first and second
tracks;

data recording/reproduction control means for selecting one of said first and second

tracks in accordance with an output of said address reproduction means of the basis of an

| THIS SHEET HAS BEEN
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output of said track designation means, and for actuating an operation of recording or

-7 -

reproducing information on the track or the sector; and

information recording/reproduction means for condm_:ting the operation of recording
or reproducing information on the track or the sector of the recording plane, in accordance
with an output of said data recording/reproduction control means, thereby to record

information into and/or reproduce from said first and second tracks.

In another aspect, there is provided an optical diék comprising a recording plane
having a spiral first track and a spiral second track, information being recorded into and/or
reproduced from said first and second tracks, wherein

said first track is formed into a groove-like shape,

said first track is formed between adjacent said first tracks and into a land-like shape,
and |

said first track records both first address signals and respective first data and said
second track records both second address signals and second respective data using an identical
modulation method, the address signal of said first track being opposite in polarity to the

address signal of said second track.

In another aspect, there is provided an optical disk comprising a recording plane
having a spiral first track and a spiral second track, information being recorded into and/or
reproduced from said first and second tracks, wherein

said first track is formed into a groove-like shape,

said second track is formed between adjacent said first tracks and into a land-like

THIS SHEET HAS BEEN
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shape, and

said first track records both first address signals and respective first data and said
second track records both second address signals and respective second data, the address
signal of said first track being opposite in polarity to the address signal of said second track,
in such a manner that address signals of adjacent oﬂes of said ﬁrst";nd second tracks do not

overlap with each other in a radial direction.

In anofher aspect, there is provided an optical disk comprising a recording plane
having a spiral first track and a spiral second track, information being recorded into and/or
reproduced from said first and second tracks, wherein

said first track is formed into a groove-like shape, said second track is formed between
adjacent said first tracks and into a land-like shape, and

a VFO signal for clock synchronization of an address signal for i) recording both first
address information and respective first data in said first track and ii) recording both second
address information and respective second data in said second track is recorded in such a
manner that the VFO signals of adjacent ones of said first and second tracks are shifted in

phase from each other by one-half of a wavelength of said VFO signal.

In another aspect, there is provided an information recording/reproduction method for
recording information to and reproducing information from an optical disk comprising first
and second tracks which are formed on the same recording plane, wherein

both first address information and first respective data is recorded and/or reproduced

'in said first track and both second address information and second respective data is recorded

THIS SHEET HAS BEEN
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and/or reproduced in said second track while alternately switching said first and second tracks

-9-

at each rotation of said optical disk, a sequence such as said first track (or second track), said
second track (or first track), said first track (or second track), said first track is a track in
which both said first address information and said first respective data is recorded into a
groove, said second track is a track in which both said second address information and said
second respective data is recorded onto a land sandwiched by said first track, and the
switching of said first and second tracks is conducted by inverting a polarity of a tracking

error signal.

In another aspect, there is provided an information recording/reproduction method for
recording information to and reproducing information from an optical disk comprising first
and second tracks which are formed on the same recording plane, wherein

both first address information and first respective data is recorded and/or reproduced
in said first track and both second address information and second respective data is recorded
and/or reproduced in said second track while conducting an addressing in an addressing
sequence of said first and second tracks in which an end address of said first track (or second
track) is connected to an initial ad&ress of said second track (or first track), said first track is
a track in which both said first address information and said first respective data is recorded
into a groove, said second track is a track in which both said second address information and
said second respective data is recorded onto a land sandwiched by said first track, and the
switching of said first and second tracks is conducted by inverting a polarity of a tracking

error signal.

THIS SHEET HAS BEEN
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In another aspect, there is provided an information reproduction method by which
information is reproduced from an optical disk, said optical disk comprising:

a first track in which both first address information and first respective data is
recorded into and/or reproduced from a groove;

5 and a second track in which both second address information and second respective
data is recorded onto and/or reproduced from a land sandwiched by said first track, said first
and second tracks being formed on the same recording plane, wherein

in a process of initializing said optical disk, volume identification information is
recorded into disk management areas of said first and second tracks, said volume
10 identification information indicating a volume configuration for recording and reproducing

data into and from both said first and second tracks.

In another aspect, there is provided an optical disk which comprises first and second
tratks which are formed on the same recording plane, aﬁd in which both first éddresé
15 information and first respective data is recorded into or reproduced from said first track and
both second address information and second respective data is recorded into or reproduced
from said second track, wherein
each of said first and second tracks comprises an information record area, and a disk
management area, and
20 said disk management areas comprise a volume management area in which information
indicating a volume configuration of information which ié recorded into and/or reproduced

from both said first and second tracks.

THIS SHEET HAS BEEN
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In another aspect, there is provided a method for recording information on an optical

disk having a spiral first track and a spiral second track, the information being recorded into
and/or reproduced from said first and second tracks, the method comprising the steps of:

(a) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape,

(c) recording into said first track both first address signals and respective first data
using a first modﬁlation method, and

(d) recording into said second track both second address signals and respective second
data using the first modulation method, the address signals of said second track being opposite’

in polarity to the address signals of said first track.

In another aspect, there is provided a method for recording information on an optical
disk having a.spiral first track and a spiral second track, the information being recorded into
and/or reproduced from said first and second tracks, the method comprising the steps of:

(a) fornﬁng said first track into a groove-like shape,

(b) forming said second tra-ck between adjacent said first tracks and into a land-like
shape,

(c) recording into said first track both first address signals and respective ﬁr;t data
using a first modulation method, and

_(d) recording into said second track both second address signals and respective second
data, using a first modulation method, the address signals of said second track being opposite

in polarity to the address signals of said first track, in such a manner that address signals of

THIS SHEET HAS BEEN
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adjacent ones of said first and second tracks do not overlap with each other in a radial

-12 -

direction.

In another aspect, there is provided a method for recording information on an optical
disk having a spiral first track and a spiral second track, the information being recorded into
and/or reproduced from said first and second tracks, the method comprising the steps of:

(2) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape, and

(c) recording a VFO signal for clock synchronization of an address signal for i)'
recording both first address information and respective first data in said first track and ii)
recordihg both second address information and respective second data in said second track,
in such a manner that the VFO signals of adjacent ones of said first and second tracks are

shifted in phase from each other by one-half of a wavelength of said VFO signal.

In another aspect, there is provided a method for recording information on an optical
disk having a spiral first track and a spiral second track, the information being recorded into
and/or reproduced from said first and second tracks, the method comprising the steps of:

(a) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape,

(c) recording both first address information and respective first data into or '

reproducing from said first track,

Ems SHEET HAS BEEN
REPLACED
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(d) recording both second address information and respective second data into or
reproducing from said second track,

(e) providing an information record area and a disk management area in both said first
track and said second track, and

(f) forming said disk management area into a volume management area for recording
information indicating a volume configuration of information which is recorded into and/or

reproduced from both said first and second tracks.

is Sheet Has Been Replaced
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the sector format of a
first example of an optical disk.

. Fig. 2 is a diagram showing the sector format of an
optical disk which is a an embodiment of the invention.
Fig. 3 is a diagram showing the sector format of

another example of an optical disk.

Fig. 4 is a diagram showing the format of an ID signal
and the arrangement of an optical disk whicg is another
embodiment of the invention.

Fig. 5 is a block diagram of an emgodiment of an
information recording/reproduction appacatus which is to be
applied to the optical disk of ﬁhe invention.

%ﬁg.'G is a block diagram of a focus tracking control
circuit.

Fié: 7 is a block diagram of a sector ID reproduction
circuit.

‘'Fig. 8 is a block diagram of another example of the

sector ID reproduction circuit,
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Fig. 9 is a block diagram of an embodiment of a sector
recording/reproduction control circuit.

Fig. 10 is a diagrém illustrating an information
recording conducted on an optical disk of the prior art.

fig. 1l is a block diagram showing a part of the
configuration of an embodiment of an information
recording/reproduction apparatus which is applied to the
optical disk of the invention. .

Fig. 12 is a-block diagram showing the remaining part
of the configuration of the embodiment of the information
recording/reproduction apparétus which.is applied to the
optical disk of the invention.

Fig. 13 is a view showing the appearance of an optical
disk of an embodiment of the invention in which a first
track records data into a groove and a second track records
data on a land. |

Fig. 14 is a diagram showing areas in a disk of a first
embodiment of the' invention.

Fig. 15 is a diagram showing areas in a disk of a
second embodiment of the invehtion.

Fié. 16 is a diagram showing areas in a disk of a third
embodiment of the invention.

Fig. 17 is a diagram illustrating an embodiment of
management information stored in disk identification areas

135 and 136.
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Fig. 18 is a diagram illustrating a track access of
first and second tracks of a disk.

Fig. 19 is a diagram illustrating another track access
of first and second tracks of a disk.

Fig. 20 is a diagram showing an example of a sector ID
in which address information of a sector of a first or

second track is recorded.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a diagram showing the sector format of a
land/groove record optical disk,
In Fig. 1, (a)-shows the sector format of
a groove record track which functions as the first track. A
sector 13 consists of a sector ID field ID1 in which address
signals Ai and A2 for the sector and modulated by a first
modulation method are reéorded, a data field DF in which
data aré recorded in a second modulation methéd, a gap Gl in
which no signél is recorded, and a buffer field Bl for
absorbing variations of the disk rotation and various time
periods. The data field DF includes a synchronous clock

field VFO 14 for pulling a clock signal, a data mark SYN 15
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indicating the beginning of data, and user data and error

correction codes 1l6.

Fig. 1(b) shows the sector format of a land record
track which functions as the second track. A sector 17
consists of a sector ID field ID2 in which address signals
al, a2 and a3 for the sector are recorded in the second
modulation method, a data field DF in which data are
recorded in the second modulation method, a gap G2, and a

buffer field B2.

The data field DF has the same configuration as that 6f
Fig. 1(a). 1In Fig. 1, for example, the PE (Phase Encoding)
modulation which is a digital modulation me;hod is employed
as the first modulation method, and, for exgmple, the (2~-7)
RLL (Run Length Limited) modulation which is a digital
modulation method is employed as the second modulation
method. Since ghe DR (Density Ratio) of the modulation
methods is 1 : 3 .and the reproduction of an RLL signal
requi?és a PLL (Phése'Lock Loop) circuit, an address signal

is written twice in ID1 and thrice in ID2 so that the

sectors 13 and 17 have the same length.

The ID1 and ID2 of the sectors 13 and 17 are arranged

in a radial direction of the disk, and a cross—-talk of about



18

-15 dB occurs between the ID fields.. Since the modulation
methods of ID1l and ID2 are different from each other and ID1
and ID2 signal reproduction circuits operate in different
modulation methods, however, respective ID signals can
normally be reproduced without being affected by a cross-

talk.

In Fig. 1, only the ID fields of the groove record
track and the land record track are subjected to recordings
of different modulation methods. Alternatively, also the ID
fields and the data fields may be'subjécted to recordings of
different modulation methods. When at least the ID fields
émong the ID fields and the data fields are subjected to
recordings of different modulation methods, the same effect

can be attained.

Fig. 2 is a diagram showing the sector format of a
land/groove record optical disk which is an embodiment

of the invention.

In Fig. 2, the same reference numerals as those of Fig.
1 designate blocks having the same'functions. In Fig. 2,
ID3 and ID4 designate sector identification fields in which

address information is recorded.
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The sector format of a groove record track shown in
Fig. 2(a) is the same as that of a land record track shown
in Fig. 2(b). In the sector identification fields ID3 and
ID4, signals which are modulated by the same modulation
method are recorded so as to be opposite in polarity to each

other. Specifically, in ID3, as shown in Fig. 2(a'), "1" 6f

‘a channel bit of a modulated signal is recorded at the level

of the land, and "0" at the level of the groove. 1In ID4, as
shown in Fig. 2(b'), "1" of a channel bit is recorded at the

level of the groove, and "0" at the level of the land.

.The ID3 and ID4 of the sectors 13 and 17 are arranged
in a radial direction of the disk, and a cross—talk of about
~15 dB occurs between the ID fields. Since the ID signals
in the land and fhe groove are opposite in polarity to each
other, however, an ID signal reproduction circuit can read
only an ID signal which has undergone a signal inversion.
process corresponding to the respective track, and therefore
normally reproduce the respective ID signal without being

affected by a cross-talk.

Fig. 3 is a diagram showing the sector format of a
land/groove record of another example of an optical disk.

In Fig. 3, (a) shows the sector format of

a groove record track. The track ‘18 is divided into a
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plurality of sectors 19. Fig. 3(b) shows the sector format
of a land record track. The track 20 is divided into a
plurality of sectors 2L. Fig. 3(c) shows the format of
sector ID fields ID of the sectors 19 and 21. Each sector
ID field consists of a VFO02 for clock synchronization, an
address mark AM indicating the beginning of address
information, a track address TA, a sector address SA, a
land/groove identification signal 22, an error detection
signal CRC, and a postamble PA. In Fig. 3, the initial
sector 19 of the groove record track 18 is positionally
shifted from the initial sector 21 of fhe land record track
20 by a distance G3, so that IDs of the sectors do not
overlap with each other in the track direction. The
land/groove identification signal 22 of each sector
indicates whether the corresponding ID belohgs to the groove
record track 18 or to ghe land record track 20. For
example, when the ID beldﬁgs.to the groove record track 18,
"0" is recorded, énd, when the ID_belongs to the land record
track .20, "1" is recorded.

T

Since the IDs of the tracks 18 and 20 are arranged in a
radial Eirection of the disk with being positionally shifted
by G3, they are not mutually affected by a cross—-talk. Even

when a cross-talk occurs, the ID signal of the ‘track which

is currently tracked by the light beam is allowed to be
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normally reproduced, by checking the land/groove
identification signal in the ID signal reproduction circuit.
Since the ID signals are shifted in the track direction,
also an effect that pits in the ID fields can easily be

formed is produced.

Fig. 4 is a diagram showing the arrangement of signals
in a land/groove record optical disk which is a fourth

embodiment of the invention.

In Fig. 4, (a) shows the configurétion of an address
signal of each sector which is used in another embodiment. The
configuration is the same as that shown in Fig. 3(c). Fig.
4(b) sho&s ﬁhe relationship of the recording positions of
the VFO2 fields which are respectively at {ge beginnings of
the ID signals of a groove record track 23 and a land record
track 24. Record pits 25 of a channel bit "1" of the
address signal of the groove record track 23 are formed so
as to .correspond to the level of a land 28, and "0" is
formed so as to correspond to the level of a groove 29.
Record éits 26 of the address signal of the land record
track 24 are formed in such a manner that a channel bit "1"
corresponds to the level of the groove 29, and "0" to the
level of the land 28. Also in the first and third above-
described disks, the pits 25 and 26 may be formed in a

similar
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manner as described above. The pits 25 |
and 26 are recorded with being shifted by one-half of the
maximum frequency period T of the address signal, or so as

to form a checkered pattern.

Since the record pits of the address signals of the
tracks 23 and 24iare arranged in a radial direction of the
disk with being positionally shifted by T/2, the influence
of a cross-talk can greatly be suppressed. Even when an
address signal is erroneously reproduced by a cross-talk,
the ID signal of the track which is cufrently tracked by the
;ight beam is allbwed to be normally reproduced, by checkiﬁg

the land/groove identification signal 22.

In the first to fourth disks described above, the
address signal may be composed of one of the followiﬁg sets:
the track address TA, and the sector address SA; the track
identification signal 22, the address information AM, and
the error detection signal CRC; and the track address TA,
the sector address SA, the track identification signal 22,
the address information AM, and the error detection signal

CRC.

The optical disks described above are generally

formed so that the depth of the
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groove record track is set to be 1/(8°n) where 1 is the
wavelength of a laser beam, and n is the refractive index of

the disk substrate.

Fig. 5 is a view showing the configuration of an
embodiment of an information recording/reproduction
apparatus by which information is recorded onto and/or
reproduced from the optical disk of the invention;
Hereinafter, the description is made while setting the track
designation means as a CPU 47, the track search means as a
linear motor 34, the signal reproducticn means as a head
amplifier 36, the address reproduction means as a sector ID
reproduction circuit 40, the data recording/reproduction
control means as a sector recording/reproduction control
circuit 41, and the informétion recording/réproduction means

as a data modem circuit 42.

In Fig. 5, 30 designates an optical disk which is to be’
attached to a motor 31 so as to be rotated thereby, 32
desidgétes a recording plane of the optical disk 30, 33
designates an optical head for focusing a laser beam on the
recordi;g plane 32, and 34 designates the linear motor (LM)
which- functions as the track search means, and which moves
the optical head 33 to search a target track. The reference

numeral 35 designates a focus tracking control circuit which
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consists of focus means for conducting a focus control of
the light beam of the optical head 33, and tracking means
‘for conducting a tracking control and a track retrace. fhe
reference numeral 36 designates the head amplifier which
functions as the signal reproduction means, and which
amplifies and outputs a tracking error signal n and a
reproduced signal ¢ in a detection signal a from the optical
head 33. The reference numeral 37 designates a binary
coding circuit for binary-coding the reproduced signal c, 38
designates a laser driving circuit which drives a
sémicondgctor laser of the optical head 33, and 39
designates a linear motor control circuit which controls the
linear motor 34 so that the optical head 33 seeks the target
track. The reference numeral 40 designates:the sector ID
reproduction circuit which functions as the address
rep;oéuctién means, and which outputs the sector address e
and the land/graove identification signal g of the track of
a sector ID, from an output d of the binary coding circuit
37. '?he reference numeral 41 designates the sector
recor;;pg/reproduction control circuit which functions as
the datg recording/reproduction control means, which
compares the track sector address e with a tafget sector
address of a CPU data bus £ at which data are to be recorded
or reproduced, to check whether they coincide Qith each

other or not, and which generates a write gate signal g and
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a read gate signal h for the sector. The reference numeral
42 designates the data modem circuit which functions as the
information recording/reproduction means, which conducts a
digital modulation on coded data i with the (2-7) RLLC (Run
Length Limited Codé) or the like and outputs a modulated
signal j, and which demodulates the binary-coded reproduced
signal d and outputs demodulated d&ata k. The reference
numeral 43 designateslan error correction circuit which
generates coded data i wherein an error correction code is
added to déta to be recorded, and which detects an error in
demodulated data k to éorrect the aata; 44 designates a
memory for temporarily storing data, 45 designates a host
computer, 46 designates an interface IF to which the.host
computer 45 is connected through a SCSI (Smg;l'Computer.
System Interface) bus x, and 47 designates éhe CPU of. a
microcomputer which functions as the track designation
means, .and which controls the whole of the information
recording/reproduction apparatus; In Fig. 5, m designates. a
land/groove selection signal which is output from the CPU 47
and s&éplied to the focus tracking control circuit 35 and
the sector ID reproduction circuit 40, and which selects one
of the ;écording/reproduction on the land record track and

that on the groove record track.

Fig. 6 is a view showing the configuration of a
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tracking control unit of the focus tracking control circuit
35 of Fig. 5. In the figure, 48 desighates a polarity
inversion circuit for the tracking error signal n, 49
designates a multiplexer MPX which selects the tracking
error signal n or an inverted signal n' of the error signal
in accordance with the land/groove selection signal m, 50
designates a tracking servo circuit, ahd p designates an
actuator driving signal for driving a tracking actuator of
the optical head 33. The land/groove selection signal m is
switched and the polarity of the tracking error signal n is
inverted, so that the tracking is éondﬁcted on the land

record track or the groove record track.

Fig. 7 is a view showing the configuration of the
sector ID reproduction circuit 40 which is used when, in the
optical disk of Fig. 1, the signal
modulation method of the sector ID field of the land record
track is different from that of the groove record track. 1In
the figure, 51A designates an address reproduction circuit A
which. reproduces the sector ID of the groove record track,
51B designateé an address reproduction circuit B which
reproduc;s the sector ID of the land record track, and 52
designates a multiplexer MPX which selects either of
reproduct;on address outputs el and e2 of the address

reproduction .circuits S1A and-S51B 'in accordance with the
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land/groove selection signal m.

Fig. 8 is a view showing the configuratién of the
sector ID reproduction circuit 40 which is used when, in the
optical disk of the embodiment of Fig. 2, the
modulated signals of the sector ID fields of the land and
groove record tracks are inverted in polarity with respect
to each other. 1In the figure, 53 desigqates an inverting
circuit which inverts the polarity of the binary-coded
reproduced signal d, and 54 designates a multiplexer MPX
which selects the binary-coded repfoduéed signal 4 or an
inverted signal d' of the reproduced signal.in accordance
with the land/groove selection signal m, 55.designates an
address reproduction circuit, and g designates the

land/groove identification signal.

In the circuit of Fig. 8, when, in the optical disk of
Fig. 3, the IDs of the groove record
track- 18 and the land record track 20 which are disposed so
as not to positionally overlap with each other and recorded
in the same modulation method are to be reproduced, the
land/groove selection signal m is set so that the
multiplexer 54 selects the binary-coded reproduced signal 4,
whereby the land record track or the groove record track is

identified with using the land/groove identification signal
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g and combining the circuit with that of Fig. 9 which will

be described below.

Fig. 9 is a view showing in detail the configuration of
the sector recording/reproduction control circuit 41 which
is applied to the optical disks shown in Figs. 3 and 4. 1In
the figure, 56 designates a register which latches the
target address of the CPU data bus £ in response to a strobe
sl, 57 designates a comparator circuit A which compares an
output of the register 56 with the reproduction address e,
58 designates a comparator circuit B which compares the
iand/groove identification signal g with the land/groove
selection signal m and outputs a coincidence signal when the
two signals coincides with each other underkfhe state where
the comparator circuit A 57 outputs a coincidence signal,
and 59 designates a read)write gate generator which outpﬁts
aﬁ the timing of the output of the comparator circuit B 58 a
read‘oF write command that has been latched in a register 60
from the CPU data bus f in response to a strobe s2, as the
write gate g or the reaﬁ gate h to the data modem circuit
42.

The operation of the recording/reproduction apparatus
which is configured as described above and records and/or
reproduces information on a double sided optical disk will

be described.
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Hereinafter, the data record operation will be

described.

_ The host computer 45 outputs the write command to the
SCSI bus x. The CPU 47 receives the command through the IF
46 to interpret it. Depending on whéther the target track
is the land recérd track or the groove record track, the CPU
47 outputs the land/groove selection signal m so that the
optical head 33 conducts the focus tracking on the given
record track. As shown in Fig. 6, the focus tracking
control circuit 35 makes the polarity of the tracking error
éignal n inverted or non-inverted which is supplied from the
optical head 33 depending on the land/groove selection
signal m,.énd supplies the actuﬁtor drivingﬁéignal p to a
tracking actuator coil of the optigal head 33. The focus
tracking control circuit then supplies a seek command for
the target track to the linear motor driving circuit 39 to
drive the linear motor 34, thereby moving the optical head

33 toithe target track.

Data to be recorded which are supplied from the host
computer 45 are once stored in the memory 44. The error
correction circuit 43 outputs the coded data i wherein an

error correction code is added to the data to be recorded.
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‘The CPU 47 sets a record sector address and the record
command into the sector recording/reproduction control
circuit 41 which in turn compares the record sector address
with the address output e of the ID reproduction circuit 40.
When the given sector is detected as a result of coincidence
of the addresses, the write gate signal g is supplied to the
data modem circuit 42. The write gate g actuates the data
modem circuit 42 so that the coded data i are modulated with
the (2-7) RLL, and the modulated signal j is supplied to the

laser driving circuit 38.

. The optical head 33 records the modulated signal j into
the sector of the recording plane.32. The above data record
operation is repeated in the given number of sectors.
Hereinafter, the data read operation will be descriped.
The host cémputer 45 outputs the read command to the
SCSI bus x. The CPU 47 receives the command through the IF
46 tq ,interpret it. Depénding on whether the target track
is thg;land record track or the groove record track, the CPU
47 outpﬁts the land/groove selection signal m so that the
optical:head 33 conducts the focus tracking on the given
record track. As shown in Fig. 6, the focus tracking
control circuit 35 makes the polarity of the tracking error

signal n inverted or non-inverted which is supplied from the
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opticél head 33 depending on the land/groove selection
signal m, and supplies the actuator driving signal p to the
tracking actuator coil of the optical head 33. The focus
tracking control circuit then supplies a seek command for
the target track to the linear motor driving circuit 39 to
drive the 1inéar motor 34, thereby moving the optical.head

33 to the target track.

The CPU 47 sets a read sector address and the read
command into the sector recording/reproduction control
circuit 41 which in turn compares the read sector address
with the address output e of the ID reproduction circuit 40;
When the sector recording/reproduction control circuit 41
detects the given sector as a result of coiqgidence of the
addresses, the read gate signal h is suppli;d to the data
modem circuit 42.

The data modem circuit 42 is.;ctuated in response to
the read gate h, and demodulates_the detection signal d
detected by the optical head 33, to obtain the reproduced
data éf The reproduced data k are then stored in the memory

44.

The. reproduced data which are stored in the memory 44
are subjected to the error detection and correction in the

error correction circuit 43, and again stored in the memory
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44. The reproduced data which have undergone the error
correction are transferred to the host computer 45 through
the interface 46. The above data read operation is repeated

in the given number of sectors.

The operations of the ID reproduction circuit 40 and
the sector recording/reproduction control circuit 41 will be
described in detail while comparing them with the
examples of the optical disks of the invention to which

the circuits are.applied.

To the optical disk of Fig. 1,
applied is the ID reproduction circuit 40 having the
configuration shown in Fig. 7. In the optical disk of Fig.
1, the ID fields of the land record track and the groove
record track are modulated in different modulation methods
and recorded. In Fig. 7, therefore, the first and second
address reproduction circuits 51A and 51B simultaneously
conduct the reproduction operation on the binary-coded
reproduced signal 4. -When the modulation method of the
binary—coded reproduced signal 4 coincides with the
moaulation methods of the first and second address
reproduction circuits 51A and 51B, the reproduced address
signals el and e2 are output. One of the address signals el

and e2 which corresponds to the land/groove selection signal
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m is seiected by the multiplexer 52 and then output as the

reproduced address signal e.

To the optical disk of the embodiment of Fig. 2,
épplied.are the ID reproduction circuit 40 having the
configuration éhown in Fig. 8, and the sector
recording/reproduction circuit.4l having the configuration

shown in Pig. 9.

In the optical disk of Fig. 2, the address signals of
the ID fields of the land record track and the groove record
track are recorded in such a manner tha£ they are opposite
to eqéh other in polarity. In Fig. 8, the multiplexer 54
selects one of the binary-coded reproduced signal d and the
binary-coded reproduced signal d' which has been inverted by
the inverting circuit 53, in accordance with the land/gréove
selection signal m. The selected signal is demodulated by
the address reproduction circuit 55 which in turn outputs
the neprbdhced address signal e and the land/groove
identification signal g té the sector recording/reproduction

control apparatus 41 of Fig. 9.

In Fig. 9, the target address of the CPU data bus £ is
latched in the register 56 in response to the strobe sl, and

compared with the reproduced address signal e .in the " -
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comparator circuit 57. The land/groove identification
signal g is compared with the land/groove selection signal
m. The write command or the read command of the CPU data
bus f is latched in the register 60 in response to the
strobe s2, and is processed by AND dperation with the output
of the comparator circuit 58 so that the write gate g or the
read gate h is output. The write gate g or the read gate h
is supplied to the data modem circuit 42, thereby actuating

the data modulation or the data demodulation.

To the optical disk of Fig. 3,
gpplied are the ID reproduction circuit 40 having the
configuration shown in Fig. 8, and the sector
recofding/reproduction circuiﬁ 41 having the configuraﬁion

shown in Fig. 9. .

In the optical disk of Fig. 3, the address sign;ls of
the ID fields of the land fecord'track and the groove record
track are recorded in such a méﬁner that the ID fields do
not overlap with each other in the track direction. The
reproduéfion of an address, and the generation of the write
gate or the read gate are conducted in the same manner as
those applied to the optical disk of Fig. 2,
except that the multiplexer 54 in Fig. 8 always selects the

binary-coded reproduced signal 4. -
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To the optical disk ofFig. 4,
applied are the ID reproduction circuit 40 having the
configuration shown in Fig. 8, and the sector
recording/reproduction circuit 41 having the configuration

shown in Fig. 9.

In the optical disk of Fig. 4, the address signals of
the ID fields of the land record track and the groove record
track are recorded in such a manner that pits are shifted by
T/2 in the track direction or form a cﬁeckered pattern. The
reproduction of an address, and the generation of the write
gate or the read gate are conducted in the same manner as
those applied to the optical disk of Fig. 2,

except that the multiplexer 54 in Fig. 8 always selects the

binary-coded reproduced signal 4.

According to the configuration-descried above, a cross-
talk between land and groove record tracks which are
adjacent to each other.is reduced as compared with that in
the prior art by making the modulation methods and/or the
signal polarities different from each other, or changing the
positions of IDs or the pit phase, thle increasing the
recording density of the optical disk of the land/groove

- recording to a level higher than that of the prior art,
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whereby data or-an ID signal can be read out with a reduced

error level and without being affected by a cross-talk.

The features of the first to fourth optical disks

described above may be combinedly executed in order to

attain the object of the invention.

Since information is recorded into the first and second
tracks in different modulation methods, the recording
density can be increased as compafed with that in the prior’
art, and a cross-talk between the first and second tracks
can be reduced so that a recording/reproduction error due a
the cross—talk between the first and second tracks is

prevented from occurring in an ID signal or a data signal.

since information is recorded into the first and second
tracks in the same modulation method and in opposite
polarities, the ¥ecording density can be increased as
compareé with that in the prior art, and a cross-talk
between the first and second tracks can be reduced so that a
recording/reproduction error due to a cross-talk between the
first and second tracks is prevented from occurring in an ID

signal or a data signal.
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Also, since

address signals each including address information for
identifying the respective track are recorded into the
adjacent first and second tracks in such a manner that they
do not overlap with each other in a radial direction, the
recording density can be increased as compared with that in
the prior art, and a cross-talk between the first and second
tracks can be reduced so that a recording/reproduction error
due to a cross-talk.between the first and second tracks is

prevented from occurring in an ID signal or a data signal.

s ince address signals which are address information are
recorded into the adjacent first and second tracks in
polarities opposite to each other and in such a manner tﬁat
they do not overlap with each other in a radial direction,
the recording density can be increased as compared with that
in the prior art, and a cross—talk between the first and
second tracks can be reduced so that a
recording/reproduction error due to a cross-talk between the
first and second tracks is prevented from occurring in an ID

signal or a data signal.
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Since, when information is to be recorded onto or reproduced
from an optical disk, the tracking for the first and second
tracks is controlled while the track designation means
outputs a tracking error signal obtained from the optical
head, to the optiéal head with inverting the polarity of the
signal, information can be recorded onto or reproduced from
the opticgl disk so that the recording density can be
increased as compared with_thaﬁ in the prior art, and that a
cross—-talk between the first and second tracks can reduced
and a recording/reproduciion error due to a cross—talk
between the first and second tracks is prevented from.

occurring in an ID signal or a data signal.

since, when information is to be recorded onto or reproduced
from an optical disk, the address reproduction means
compares the output of the track designation means with the
track identification signal of the address'reproduction
means, and, when the output of the track designation means
coincides with the track identified by the track
identification signal, outputs a reproduction address signal
corresponding to the track, information can be recorded onto
or reproduced from the optical disk so that the recording
density can be increased as compared with that in the prior

art, and that a cross-talk between the first and second
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tracks can reduced and a recording/reproduction error due to
a cross—-talk between the first and second tracks is

prevented from occurring in an ID signal or a data signal.

Figs. 11 and 12 are block diagrams showing the
configuration of an embodiment of an information
recording/reproduction apparatus which is applied to an
optica; disk as described above. In Figs. 11 and 12, 101
designates an optical disk attached to a motor 102, 102
designates the motor for rotating the optical disk 101, 103
designates a recording plane of.the optical;disk 101, 104
designates én.optiéal heéd for focusing a laser beam.op ;he
recording plane 103, 105 designates a linear motor (LM)
which moves the optical head 104 to search a target track,
106 designates a focus tracking control circuit which
conducts a focus/tracking control of a light beam and a
track retrace on the optical head 104, 107 designates a head
amplifier which conducts addition and subtraction on
detection signals of the optical head 104 to obtain a focus
error signal b, a tracking error signal ¢, and ‘a reproduced

signal d, 108 designates a binary coding circuit for binary-
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coding the reproduced signal d to obtain a binary-coded
signal e, 109 designates a laser driving circuit which
drives a semiconductor laser of the optical head 104, and
110 designates a linear motor control circuit which controls
the linear motor 105 so that the optical head 104 seeks the
target track. The reference numeral 111 designates a sector
ID reproduction circuit which reads out a track address and
~sector address £, and a track identificétion signal g of a ‘
sector ID, from the binary-coded signal e. The reference
numeral 112 designates a read/write gate generator which
compares the track address and sector éddress £ with a
target sector address of a CPU data bus h at which data are
éo be recorded or reproduced, and which generates a write
gate signal i and read gate signal j for thg sector. The
reference numeral 113 designates a data'modgﬁ circuit which
conducts a digital modulation on coded data k with the (2-7)
RLLC (Run Length Limited Code) or the like, to output a
modulated signal m, and which demodulates the binary-coded
reproduced signal e and outputs aemodulated data n. The
refe;éﬁce numeral 114 designates an error correction circuit
which génerates coded data k wherein an error correction
code isrhdded to data to be recorded, and which detects and
corrects an error in the demodulated data n, 115 designates
a.memory for temporarily storing data, 116 designates a host

computer, 117 designates an interface IF to which the host
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computer 116 is connected through a SCSI (Small.Computer
System Interface) bus x, 118 designates a microcomputer
(CPU) which controls the whole of the information
recording/reproduction apparatus, 119 designates a memory
for storing disk management information, defect list
information, etc., of the optical disk 101, 128 designates
an error number detection circuit which counts the number of
errors detected by the error correction circuit, for each
sector, and 129 designates a working area. The reference
numeral 120 designates a track designation circuit fér
outputting a track selection signal p which is output from
the CPU 118 to be applied to the focus tracking control
circuit 106 and the sector ID reproduction circuit 111, and
which éelects either of the recording/feproéﬁction of the
first track wherein data are recorded into a groove, and the
recording/reproduction of the second track wherein data are

recorded onto a land.

fﬁ the focus tracging control circuit 106, 121
designates a polarity inversion circuit for the tracking
error signal c, 122 designates a multiplexer (MPX) which
selects the tracking error signal n or an inverted signal n'
of the error signal in accordance with the track selection
signal p, 123 designates a focus tracking servo circuit, and

q designates an actuator driving signal for driving a



42

tracking actuator of the optical head 104. The polarity of
the tracking error signal c is inverted in accordance with
the track selection signal p, so that the tracking is

conducted on the first track or the second record track.

In the read/write gate generator 112, 124 designates a
~register which latches the target address of the CPU data
bus h, 125 designates a comparator circuit which compares an
output of the register 124 with the reproduction address £,
and the track identification signal g with the track
designation signal p, 126 designates a register for latching‘
tﬁe read or write command from.the CPU data bus h, and 127
designates a gate generator which outputs the write gate
signal i of'the read gate signal j in responéé to the output
of the comparatbr circuit 125 or that of the register 126 to
the data modem circuit 113, thereby actuating the data

modulation or the data demodulation.

Ajﬁemory-llga reads out data of the subject sector from
the disk management area of the optiéal disk 101 as
required;- or reads out and stores a defect list area
address, a spare area address, a data record area address;
defect management identification information, and volume
managemeﬁt method identification information. In accordance

with the contents of the memory 119, the CPU 118 controls-
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the data recording and the defective sectof alternation
process of the first and second track of the optical disk,
10l. The reference numeral 119b designates a memory for
recording defect list information, and 119c designates a

working area for conducting the defect alternation process.

Fig. 13 is a view showing the appearance oOf an optical
disk in which a first |
track records data into a groove and a second track records
data oﬁto a land. 1In Fig. 13, an ID signal is not shown.
Fig. 13(a) is a plan view of the first and second tracks,
and Fig. 13(b) is a section view of portion A-A' of Fig.:

13¢(a).

In Fig. 13, 130 designates the first track which is a
groove~like spiral guide track, 131 designates the second
track consisting of a land which is sandwiched by the first
track 130, 132 designates a substréte of the optical disk,
133 designates a recording £ilm, and 134 designates a light
spot by which information is recorded into or reproduced
from the first and second tracks. The first track 130 is a
groove oﬁ a depth 4. 1In order to suppress the amplitudes of
the tracking signal and the reproduced signal, and the
~degree of a cross—-talk between the first and second tracks,

the depth d is set to be about A /6n.
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<

In FPig. 14, (a) shows a
recording plane 1100 consisting of the first track, and (b)

shows a recording plane 110l consisting of the second track.

The reference numerals 35 and 36 respectively designate
the disk management areas formed in the recording planes
1100 and 1101 of the first and second tracks of the optical
disk 101, 137 designates the defect list area for managing a
defective sSector and an alternate sector for the defective
sector, 138 and 139 designate data record areas for
recording data, and 140 designates the spare-area for
alternatively recording a defective sector. The defect list
area 137 is formed on one side of the disk 101 or in the
first track in Fig. 14, and collectively
manages defeétive sectors of the data record areas 138 and

139. Defective sectors are alternated in the spare area 140

in a Ilump.

As described above, the
recording planes 1100 and 1101 are collectively processed.
Therefore, it is easy to manage the data record areas 138
and 139 of the_disk as one volume, and the spare area can be

utilized effectively. A single defect
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list area is used. Even when an access extending over both
the first and second tracks occurs, therefore, it is not
necessary to read out the defect list area each time,

whereby the process can be done rapidly.

In Fig. 15, (a) shows a recording plane 1100 consisting
of the first track, and (b) shows a récording plane 1101
consisting of the second track. In the first and second
tracks of the optical disk 101, formed are disk management
areas 35 and 36, data record areas 138 and 139 for recording
data, and spare areas 141 and 142 for alternatively
recording a defective sector. A defect list area 137 is
formed on one side of the disk 101 or in the first track in

the embodiment of Fig. 15.

A defective sector in the data record area 138 is
alternated in the spare area 141, and that in the data

record area 139 is alternated in the spare area 142.

As described above, a
defective sector which is detected during a process of

conducting a recording on the first or second track is
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alternated in the spare area 141 or 142 qf the track.
Therefore, it is not necessary to change the track selection
from the first track (or the second track) to the second
track (or the first track). The track selection must be
conducted while the polarity of the tracking error signal c
is inverted by the tracking circuit 106, and hence the time
for pulling the retracking into the target track is not
required. 1In other words, the alternation process can be

conducted rapidly.

'In Fig. 16, (a) shows a recording plane'lloo consisting
of the first track, and (b) shows a recording plane 1101
consisting of the second track. 1In the figure, 35 and 36
respectively designate disk management areas formed in the
first and seéond tracks of the optical disk 101, 137 and 143
designate the defect list areas, 138 and 139 designate data
record areas for recording data, and 141 and 142 designate

spare aréas for alternatively recording a defective sector.

A defective sector in the data record area 138 is
alternated in the spare area 141, and that in the data

" record area 139 is alternated in the spare area 142.
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As described above, the

alternation process for a defective sector in the recording
plane 1100 is conducted in a combination of the defect list
area 137 and the spare area 141, and that in the recording
plane 1101 is conducted in a combination of the defect list
area 143 and the spare area 142. Therefore, it is not
necessary to conduct the track change between the first and
second tracks, and hence the time for repulling the tracking
is not required. Since the spiral track access can be
utilized efficiently, the time to wait the rotation of the
disk due to the track change can be shortened, théreby
allowing the alternation process for a defective sector to

be conducted rapidly.

In the recording planes 1100 and 1101, the data record
areas 138 and 139 can be secured sb as to have the same
capacity. In a system using the optical disk, therefore,
the system design can be simplified. Since the recording
Planes 1100 and 1101 and be subjected independently to the
defect process, the structure of data to be written into the
data record areas 138 and 139 can easily be managed while

being divided into plural volumes.

Fig. 17 shows an example of management information
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to be recorded into the disk identification areas 35 and 36.
In Fig. 17(a), 144 designates a disk management identifier,
145 designates a defect list area address, 146 designates a
spare area address, 147 designates a data record area
address, 148 designates a defect management method
identifier, and 149 designates a volume management
identifier. In Fig. 17(b), 150 designates a disk management
identifier, 151 designates a defect list area address, 152
designates a spare area address, 153 designates a data
record area address, 154 designates a defect management
method identifier, and 155 designates a volume management
iéentifier.

The disk management identifiers 144 an&{lso indicate
that the respective sector is a disk management information
area. The defect list area addresses 145 and 151 indicaée
the positions and sizes of the defect list areas 137 and 143
of the recording planes 1100 and 1101. The spare area
addreéées 146 and 152 indicate the positions and sizes of
the spare areas 140, 141, and 142 of the recording planes
1100 and 110l. The data reco;d area addresses 147 and 153
indicate. the positions and sizes of the recording planes
1100 and 110l. The defect managemeﬁt method identifiers 148
and 154 indicate the defect management methods shown in

Figs. 14 to 16. The volume management identifiers 149 and
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155 indicate the volume structures recorded onto the
recording planes 1100 and 1101, and record the number of .
volumes, and allocation information of the data record areas

138 and 139 constituting the volumes.

Figs. 18 to 20 are track access diagrams showing
track addreésing which is conducted in the
disk 101 wherein the first and second tracks are spiral

tracks.

In the figures, 156 designates the first track, 157
designates the second track, 158'designates the recording
plane of the first track 156, and 159 designates the

recording plane of the second track.

In Fig. 18, the frack to be accessed is switched suéh
as the first track, and the second track at each rotation of
the disk so that tracks are accessed in the sequence of
tracks 1 — 1" - 2 = 2' = 3 = ***'*, 1In the optical disk
101, the first and second tracks can be accessed as one
'~ volume, and the first and second tracks 156 and 157 are
spiral tracks. When data of a large volume are to be
recorded, therefore, it is not required to search tracks, so
that the data recording or reproduction.can rapidly be

conducted only by switching the polarity of the tracking
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signal.

Fig. 19 is a diagram éhowing a track access in which
the first and second tracks 156 and 157 are sequentially
accessed. The data recording or reproduction is conducted
while tracks 1L — 2 —- 3 — *°** — pn are accessed in the
first track 156 of the recording plane 158, and tracks 1' -
2' — 3' — *°°** — n' are accessed in the first track 157
of the recording plane 159. This attains the effects that,
when a prolonged time is required for switching the tracking
of the first and second tracks, an averagé.access time can
Bé shortened, and that the time to wait the rotation of the
disk to the target sector which is caused by the track

change between first and second tracks is eliminated.

Fig. 20 shows an example of the sector ID in whiéh
address information of sectors of the first and second
tracks is recorded. 1In the figure, TA designates a track
addre;s, SA designates a sector address, and 160 designates
track identification information indicative of first and
second tracks which are newly added to the most significant
track addresses. The track identification information 160
is the track identification signal g which is the most
significant bit of the track and indicates whether the track

is the first track or the second track.
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Referring now to Fig. 14, the operation of the optical
disk recording/reproduction apparatus which records and/or
reproduces information onto the thus configured optical disk

will be described. -

Hereinafter, the initialization operation of the
information recording/reproduction apparatus will be

described.

The host computer 116 outputs the read command to the
éCSI bus x in order to read out the disk management areas 35
and 36. The CPU 118 receives the command through the IF 117
to interpret it, and outputs the track selection signal p,
for example, the groove track selection for selecting the
first ﬁrack, to the track selection circuit 120 in order.
that the disk management information area 35 is accessed.
In response to the track designation signal p, the
multié!exer 122 supplies the tracking error signal c to the
focus tracking circuit.123 so that the tracking is conducted
on the first track. The linear motor driving circuit 110
then drives the linear motor 105 so that the optical head

seeks the initial track of the disk management area 35.

The CPU 118 sets a read sector address into the
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register 124 of the read/write gate generator 112, and the
read command in the register 126. In the read/write gate:
generator 112, the comparator circuit 125 compares the read
sector address of the register 124 with the address output £
of the ID reproduction circuit 111, and the track
designation signal p with the'track_identification signal g.
The gate generator 127 decodes the coincidence output and |
the output of the register 126, and supplies the read gate
signal j to the data modem circuit 113. The data modem
circuit li3 is actuated by the read gate j, demodulates the
rgproduced signal e of the disk management area 35, and
sends the demodulated data n including the disk management
information and the defect list information to the memory
115 so that the data are stored in the memog;. The
demodulated data n stored in the memory 115 are subjected to
the error detection and correction in the error correctién
circuit 114, and then stored in the memory 115. The CPU 118
reads;out the reproduced data which have undergone the error

correction, and writes the data into the memory 119.

Fur%hermore, the CPU 118 sets the track selection
signal p. to the land track selection, and writes the disk
management information 2 of the disk management area 36 of

the second track, into the memory 119.
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As a result, the CPU 118 knows the volume management
method, the defect management method, the defect list areas,
the spare areas, the data record areas, defect list
information of the optical disk 101, and executes the data

recording and reproduction described below.

Next, the data record and verify operations conducted
of the data record areas 138 of the optical disk of Fig. 14
will be described.

The host computer 116 outputs the write command to the
SéSI bus x. The CPU 118 receives the command through the IF
117 to interpret it, and checks whether the subject sector
is a defective sector or not, from the defeéﬁ list
information stored in the memory 119. If the sector is not
a defective sector, the track selection signal is set tonthe ,
first or second track depending on the sector. If the
sectog’is a defective sector, the track selection circuit
120 i$USet so as to select the second track having thé spare
area 140. In response fo the track designation signal p}
the tracking error signal ¢ or an inverted tracking signal
c' is supplied to the focus tracking circuit 123 so that the
trécking is conducted on the first track or the second
track. The linear motor driving c;rcuit 110 drives the

linear motor 105, thereby moving the optical head 104 to ‘the



54

target track.

Data to be recorded which are supplied from the host
computer 116 are once stored in the memory 115, and then
converted by the error correction circuit 114 to the coded
data k wherein an error correction code is added to the data

to be recorded.

Depending on the defect list information, the CPU 118
sets a record sector address into the register 124 of the
read/write gate generator 112, and the write command into
the register 126. The read/write gate generator 112
compares. the record sector address of the register 124 with
the address output £ of the ID reproductionféircuit 111. At
the same time, the comparator circuit 125 compares the track
designation signal p from the track designation ciréuit 120
with the track identification siénal g of the ID .
reproduction circuit 111. In response to the coincidence
outpuﬁ;of the comparator circuit 125, and the write/read
commaﬁd of the register.126, the gate generator 127 supplies
the write gate signal i to the data modem circuit 113. The
data modem circuit 113 is actuated by the write gate signal
-1, modulates the coded data k with the (2-7) RLLC, and
supplies the modulated signal m to the laser driving circuit

109. The optical head 104 records the modulated signal m
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into the target sector of the recording plane 103. The
above data record operation is repeated in the given number

of sectors.

When the data recording is completed, the CPU 118 reads
out the record sectors in sequence, and checks the number of -
errors of the demodulated data. If the number of detected
errors exceeds a predetermined criterion, the sector is
alternatively recorded into the spare area 140. More
specifically, the host computer 116 sends out the read
command for a record sector, and the CPU 118 causeé the
optical head 104 to be moved to a recorded track in the same
manner as the above-mentioned data recording. The CPU 118
sets a read secto; address into the registgf;124 of the
read/write gate generator 112, and the read command in;o the
register 126. 1In the read/write gate generator 112, the’
comparator circuit 125 éompares the read sector address of
thé register 124 with the address output £ of the ID
repr&@bction circuit 111, and the track designation signal p
with fhe track identifiéation signal g. The gate generator
127 decodes the coincidence output and the output of the
register 126, and supplies the read gate signal j to the
data modem circuit 113. The data modem circuit 113 is
_actuated by the read gate'j, demodulates the reproduced

signal e of the recording plane ‘103 which is suppiied from
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the opﬁical.head 104, and sends the demodulated data n to
the memory 115 so that the data are stored in the memory..
The demodulated data n stored in the memory 115 are .
subjected to the error detectian and correction in the error
correction circuit 114. The error number detection circuit
128 counts the number of detected errors for each sector.
The CPU 118 monitors the error number of the error number
detection circuit 128 to check whether the number exceeds
the criterion number or not. A sector in which the error
number exceeds the criterioﬁ is judged as a defective sector

and alternated in the spare area 140.

In order to alternatively record data of the defective
sector into the spare area 140, the write cqpm;nd is issued.
The CPU 118 outputs the track designation siénal p for
selecting the second track, to the track selection cireuit
120. The multiplexer 122 supplies the inverted tracking
error signal c¢' to the focus tracking circuit 123 so that
the tracking is conducted on the éecond track. Then, data
are rég;rded into the spare area in the same manner as the
data recﬁrding discussed above. The addresses of the
defectiv; sector and the alternate sector for it are

recorded ‘as one list set into the defect list area 137.

With respect to a spare sector and a defect list
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sector, the defective sector alternation is conducted as

required in the same manner as described above.

In the case where the épare areas are respectively
formed in the first and second tracks as shown in Fig. 15, a
detected defective sector is alternated in the spare area
141 or 142 of the track to which this defective sector
belongs. In the case where the defect list areas 137 and
143 are respectively formed in the first and second tracks
as shown in Fig. 16, the address list for sectors used in
the defect alternation process is recorded into the defect
iist area to which the defective sector belongs. The above-
mentioned data recording, and the alternation process of a
defective Sector are conducted depending on}éhe contents of
the volume management identifiers 149 and 155, and the

defect management method identifiers 148 and 154.

Referring now to Fig. 14, the data recording conducted

on thé’data record area 138 will be described.

When the host computer 116 outputs the read command,
the CPU 118 interprets the command, and checks whether the
subject sector is a defective sector or not, from the defect
list stored in the working area 119c of the memory 119. If

the sector is a defective sector, the track selection
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circuit 120 is set so as to select the second track having
the spare area 140. In response to the track designation
signal p, the tracking error signal c or the inverted
tracking signal c' is supplied to the focus tracking circuit
123 so that the tracking is conducted on the first track or
the second track. The linear motor driving circuit 110
drives the linear motor 105, thereby moving the optical head

104 to the target track.

Depending on the defect list information, the CPU 118
sets a read sector address into the register 124 of'the
read/write gate generator 112, and the read command into the
register 126. In the read/write gate generg?or 112, the
comparator circuit 125 compares the read seéior address of
the register 124 with the address output £ of the ID.
reproduction circuit 111, and the track designation signal p
with the track identification signal a. The gate generator
127 decodes the coincidence outéut and the output of the
regiséér 126, and supplies the read gate signal j to the
data modem circuit 113. The data modem circuit 113 is
actuated.by the read gate j, demodulates the reproduced
signal e of the recording plane 103 which is supplied from
the optical head 104, and sends the demodulated. data n to
the memory 115 so that the data are stored in the memory.

The demodulated data n stored in the memory 115 are
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subjeéted to the error detection and correction in the error
correction circuit 114, and again stored in the memory 1l1S.
The reproduced data which have undergone the error '
correction are transferred to the host computer 116 through
the interface 117. The above data read operation is

repeated in the given number .of sectors.

In the case where the data record areas 138 and 139 or
the spare areas are respectively formed in the first and
second tracks as shown in Fig. 15, or the case where the
defect list areas 137 and 143 are respectively formed in the
first and second tracks as shown in Fig. 16, the reading is
conducted while the track selection signal p is switched by
the track selection circuit 120. The defect-management
method, and the volume management are coﬁducted-@epending on
‘the contents of the defect management method identifiérs7l48

and 154, and the volume identifiers 149 and 155.

As described above, the
data recording and reproduction, and the defect alternation
process can be conducted on the optical disk comprising
first and second tracks which are formed on the same
recording plane, so that the recording of a large data
volume which is doubled as compared with that iﬁ the prior

art is conducted.
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The disk management areas are generated in the
initialization of the disk. A method of initializing the

disk of Fig. 16 will be described.

While tracking the first track 130 with the light spot
in accordance with the track selection signal p, a test
signal is recorded, and then read out to be verified,
théreby detecting a defective sector. Then, the polarity of
the track selection signal p is inverted, and a defective
sector of the second track 131 is aeteéted. Depending on
;he capacity of the optical disk 101 and the quality data,
the CPU 118 secures the sizes of the defect list areas 137
and 143 required for the number of alternatg?ns of defective
sectors, and records ‘the addresses and size;'of the areas,
the addresses and sizes of the spare areas 141 and 142, and
the.addresses and sizes of the data record areas 138 and
139. 1In the defect list areas 137 , recorded are
alte;naﬁion lists §f defective sectors of the recording
planeﬁfloo of the first track 130 and the recording plane
1101 of fhe second track 131. The defect management method
information 148 and 154, and the volume identification
information 149 and 155 are recorded into the disk
management information areas 35 and 36 in response to

"instructions from the host computer 116.
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It is a matter of course that the above-described
embodiments of the optical disk can be adequately combined.

As apparent from the above description, according to
the invention, data recording and reproduction can be
conducted on an optical disk comprising first and second
tracks which are formed on the same recording plane, and the
defect alternation process can rapidly be conducted thereon,
whereby the capacity can greatly be improved as compared

with the prior art.
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6. R0 o

‘What is claimed is:

1. An optical information recording/reproduction apparatus by which information is
recorded on and/or reproduced from an optical disk,
5 said optical disk comprising:. _
a spiral first track formed into a groove-like shape; and a spiral second track formed
into a land-like shape,
these first and second tracks being formed on the same recording plane, and
said apparatus comprising:
10 an optical head which irradiates said tracks with a light beam to record and/or
reproduce a signal;
track designation means for selecting one of said first and second tracks, in order to
record and/or reproduce information; '
focus means for focusing the light beam of said optical head on a track;
15 tracking means for causing said track to be tracked, and for selectively tracking said
first and second tracks;
track search means for moving said optical head in order to search a track;
signal generation means for amplifying a signal reproduced by said optical head;
address reproduction means for reading out address signals of said first and second
20 tracks;_
data recording/reproduction control means for selecting one of said first and second
tracks in accordance with an output of said address reproduction means of the'basis of an
output of said track designation means, and for actuating an operation of recording or
reproducing information on the track or the sector; and
25 information recording/reproduction means for conducting the operation of recording
or reproducing information on the track or the sector of the recording plane, in accordance
with an output of said data recording/reproduction control means, thereby to record

information into and/or reproduce from said first and second tracks.

30 2. An information recording/reproduction apparatus according to claim 1, wherein

said track designation means switches the tracking for said first and second tracks of

is Sheet Has Been Replaced

T




10

15

20

25

30

* [ L M S *

-63-
the optical head by inverting a polarity of a tracking error signal.

3. An information recording/reproduction apparatus according to claim 1, wherein
said address reproduction means compares the output of said track designation means

with a track identification signal of said address reproduction means, and for outputting only

a reproduction address signal which corresponds to a track coinciding with the output of said

track designation means.

4, An optical disk comprising a recording plane having a spiral first track and a spiral
second track, information being recorded into and/or reproduced from said first and second
tracks, wherein

said first track is formed into a groove-like shape,

said first track is formed between adjacent said first tracks and into a land-like shape,'
and

said first track records both first address signals and respective first data and said
second track records both second address signals and second respective data using an identical
modulation method, the address signal of said first track being opposite in polarity to the

address signal of said second track.

5. An optical disk comprising a recording plane having a spiral first track and a spiral
second track, information being recorded into and/or reproduced from said first and second
tracks, wherein '

said first track is formed into a groove-like shape,

said second track is formed between adjacent said first tracks and into a land-like
shape, and

said first track records both first address signals and respective first data and said
second track records both second address signals and respective second data, the address
signai of said first track being opposite in polarity to the address signal of said second track,
in such a manner that address signals of adjacent ones of said first and second tracks do not

overlap with each other in a radial direction.
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6. An optical disk according to claim 4, wherein
said first track has a depth of A/ (8-n) where A is a wavelength of a laser beam, and

n is a refractive index of a substrate of said disk.

7. An optical disk according to claim 4, wherein

said first and second tracks are divided into sectors each of which constitutes a unit
of recording or reproducing information,

a track address and a sector address is recorded in said first address signals and said
second address signals, and _

information is recorded into and/or reproduced from said sectors in a unit of the

sector.

8. An optical disk according to claim 4, wherein
said first and second address signals of respectively said first and second tracks record
a track identification signal for identifying the respective track, address information, and an

error detection signal.

9. An optical disk according to claim 4, wherein

said first and second address signals of said first and second tracks are constituted by
a mark position recording method,

said first address signals of said first track are recorded in such a manner that a
modulated channel bit "1" correspdnds to a level of the land and a channel bit "0" corresponds
to a level of the groove, and

said second address signals of said second track are recorded in such a manner that a
modulated channel bit "1" corresponds to a level of the groove and a channel bit "0"

corresponds to a level of the land.

10.  An optical disk comprising a recording plane having a spiral first track and a spiral
second track, information being recorded into and/or reproduced from said first and second

tracks, wherein

said first track is formed into a groove-like shape, said second track is formed between
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adjacent said first tracks and into a land-like shape, and

a VFO signal for clock synchronization of an address signal for i) recording both first
address information and respective first data in said first track and ii) recording both second
address information and respective second data in said second track is recorded in such a
manner that the VFO signals of adjacent ones of said first and second tracks are shifted in

phase from each other by one-half of a wavelength of said VFO signal.

11.  An information recording/reproduction method for recording information to and
reproducing information from an optical disk comprising first and second tracks which are
formed on the same recording plane, wherein

both first address information and first respective data is recorded and/or reproduced
in said first track and both second address information and second respective data is recorded
and/or reproduced in said second track while alternately switching said first and second tracks'
at each rotation of said optical disk, a sequence such as said first track (or second track), said
second track (or first track), said first track (or second track), said first track is a track in
which both said first address information and said first respective data is recorded into a
groove, said second track is a track in which both said second address information and said
second respective data is recorded onto a land sandwiched by said first track, and the
switching of said first and second tracks is conducted by inverting a polarity of a tracking

error signal.

12.  An information recording/reproduction method for recording information to and
reproducing information from an optical disk comprising first and second tracks which are
formed on the same recording plane, wherein

both first address information and first respective data is recorded and/or reproduced
in said first track and both second address information and second respective data is recorded
and/or reproduced in said second track while conducting an addressing in an addressing
sequence of said first and second tracks in which an end address of said first track (or second
track) is connected to an initial address of said second track (or first track), said first track is
a track in which both said first address information and said first respective data is recorded

into a groove, said second track is a track in which both said second address information and
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said second respective data is recorded onto a land sandwiched by said first track, and the
switching of said first and second tracks is conducted by inverting a polarity of a tracking

error signal.

13.  An information reproduction method by which information is reproduced from an
optical disk, said optical disk comprising:

a first track in which both first address information and first respective data is
recorded into and/or reproduced from a groove;

and a second track in which both second address information and second respective
data is recorded onto and/or reproduced from a land sandwiched by said first track, said first
and second tracks being formed on the same recording plane, wherein

in a process of initializing said optical disk, volume identification information is
recorded into disk management areas of said first and second tracks, said volume’
identification information indicating a volume configuration for recording and reproducing

data into and from both said ﬁrst_ and second tracks.

14.  An optical disk which comprises first and second tracks which are formed on the same
recording plane, and in which both first address information and first respective data is
recorded into or reproduced from said first track and both second address information and
second respective data is recorded into or reproduced from said second track, wherein

each of said first and second tracks comprises an information record area, and a disk
management area, and . '

said disk management areas comprise a volume management area in which information
indicating a volume configuration of information which is recorded into and/or reproduced

from both said first and second tracks.

15.  An optical disk according to claim 4, wherein said information is recorded and/or

reproduced from both said first and second tracks.

16.  An optical disk according to claim 5, wherein said information is recorded and/or

reproduced from both said first and second tracks.
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17.  An optical disk according to claim 10, wherein said information is recorded and/or

reproduced from both said first and second tracks.

18.  An optical disk according to claim 5, wherein
said first track has a depth of A/ (8:n) where A is a wavelength of a laser beam, and

n is a refractive index of a substrate of said disk.

19.  An optical disk according to claim 5, wherein

said first and second tracks are divided into sectors each of which constitutes a unit
of recording or reproducing information,

a track address and a sector address is recorded in said first address signals and said
second address signals, and

information is recorded into and/or reproduced from said sectors in a unit of thé

sector.

20.  An optical disk according to claim 5, wherein
said first and second address signals of said first and second tracks record a track
identification signal for identifying the respective track, address informatio_n, and an error

detection signal.

21.  An optical disk according to claim 7, wherein
said first and second address signals of said first and second tracks record a track
identification signal for identifying the respective track, address information, and an error

detection signal.

22.  Anoptical disk according to claim 5, wherein -

said first and second address signals of said first and second tracks are constituted by
a mark position recording method,

said first address signals of said first track is recorded in such a manner that a
modulated channel bit "1" corresponds to a level of the land and a channel bit "0" corresponds

to a level of the groove, and
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said second address signals of said second track is recorded in such a manner that a
modulated channel bit "1" corresponds to a level of the groove and a channel bit "0"

corresponds to a level of the land.

23.  An optical disk according to claim 7, wherein

said first and second address signals of said first and second tracks are constituted by
a mark position recording method,

said first address signal of said first track is recorded in such a manner that a
modulated channel bit "1" corresponds to a level of the land and a channel bit "0" corresponds
to a level of the groove, and |

said second address signal of said second track is recorded in such a manner that a
modulated channel bit "1" corresponds to a level of the groove and a channel bit "0"

corresponds to a level of the land.

24. A method for recording information on an optical disk having a spiral first track and
a spiral second track, the information being recorded into and/or reproduced from said first
and second tracks, the method comprising the steps of:

(a) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape,

(c) recording into said first track both first address signals and respebtive first data
using a first modulation method, and

(d) recording into said second track both second address signals and respective second
data using the first modulation method, the address signals of said second track being opposite

in polarity to the address signals of said first track.

25.  The method of claim 24 in which step (c) includes recording into said first track both
first address signals and respective first data throughout the first track at predetermined
positions,

step (d) includes recording into said second track both second address signals and

respective second data, throughout the second track at predetermined positions, the address
T
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signals of said second track being opposite in polarity to the address signals of said first track.

26. A method for recording information on an optical disk having a spiral first track and
a spiral second track, the information being recorded into and/or reproduced from said first
and second tracks, the method comprising the steps of:

(a) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape, | :

(c) recording into said ﬁrst track both first address signals and respective first data
using a first modulation method, and

(d) recording into said second track both second address signals and respective second
data, using a first modulation method, the address signals of said second track being opposite
in polarity to the address signals of said first track, in such a manner that address signals of
adjacent ones of said first and second tracks do not overlap with each other in a radial

direction.

27. A method for recording information on an optical disk haviﬁg a spiral first track and
a spiral second track, the information being recorded into and/or reproduced from said first
and second tracks, the method comprising the steps of:

(a) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape, and .

(c) recording a VFO signal for clock synchronization of an address signal for i)
recording both first address information and respective first data in said first track and ii)
recording both second address information and respective second data in said second track,
in such a manner that the VFO signals of adjacent ones of said first and second tracks are

shifted in phase from each other by one-half of a wavelength of said VFO signal.

28. A method for recording information on an optical disk having a spiral first track and
a spiral second track, the information being recorded into and/or reproduced from said first

and second tracks, the method comprising the steps of:
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(a) forming said first track into a groove-like shape,

(b) forming said second track between adjacent said first tracks and into a land-like
shape,

(c) recording both first address information and respective first data into or

5 reproducing from said first track,

(d) recording both second address information and respective second data into or
reproducing from said second track,

() providing an information record area and a disk management area in both said first
track and said second track, and

10 (f) forming said disk management area into a volume management area for recording

information indicating a volume configuration of information which is recorded into and/or

reproduced from both said first and second tracks.
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