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TITLE OF THE INVENTION 

OPTICAL DISK, AND INFORMATION RECORDING/REPRODUCTION 

APPARATUS -

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 res~ect 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 optical disk is- a high density memory which has a 

large capacity, on which non-contact recording and 

reprod~ction can be conducted, and which can be replaced 
-· J" 

with another one. Capacities -of typical optical -d.isks are 

as follows: When an optical head of a lens NA of 0.5 is 
'· 

used, a 130--mrn 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 

per 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 capacitie$ has been 

studied. 

Fig. 10 shows plan views Cupper ones) and section views 

Clower ones> of continuous servo track formats in the prior 

art. 

Fig. lOCa> 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 land record track format. In the land 

record track format, a track consists of a groove 2 which is 

formed on a transparent substrate 1 and which has a depth of 

A. IC 8 • n) C A. is the wavelength of a J.aser, and n is the 

refractive index of the substrate l. The same applies to 

the followings.), and pits 4 constituting a sector 

.identification CID) signal, and record marks 5 ar~ recorded 

onto a l.and 3 sandwiched by the tracks. Th.e pi ts 4 for .the 

ID signal are convex-concave· pits having a phase depth of 

.1/C4"n). 

~ I' 
.The track pitch is ·selected so as to be about A. /NA 

which is obtained from the laser wavelength C A. l and a lens 

aperture <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 µ m or 

less in the view point of a land forming process. 
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Fig. lOCb) shows an example of a groove record track 

format in which tracks are formed by simple grooves 6 having 

a phase depth of l IC 8Nn > and lands 7, and pi ts 8 

constituting an ID signal and record marks 9 wherein data 

signals are recorded are recorded into the grooves 6. Since 

such a groove record track has a track structure consisting 

of the simple grooves 6, a disk of· a track pitch which isl 

µ. m or less can easily be produced. 

Fig. lOCc> shows an example of a land/groove record 

track format in which groove record tracks are formed by 

setting the width of grooves 11 having a depth of about 

1/(S•n> to be one-half of the track pitch,~~nd 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 recordi~g of Fig. lOCa). 

~jmerally, 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 

recording, and in the stability of a tracking ~ervo. 

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. lOCc), the track pitch is one-half of .:l/NA. In the 

case where .:l is 830 nm and NA is- 0.5, even when the pitch 

of tracks for recording signals is O. 8 µ. m, the tracking· 

servo can be conducted with respect to the track pitch of 

1.6 µ.m consisting of each groove and land. Consequently, 

the tracking can be done stably by either of the 3-oeam 

method and the push-pull method which are conventionally 

employed. 

Even in the land/groove recording in which record"ing is 

conducted as described above, when the track pitch is 

further reduced in order to increase the recording density,-

there arises a problem in that a cross-talk between the 

track of the groove 11 and that of the land·lO occurs. 

Specifically, in the case where an optical head .in 

which the laser wavelength ~ is 83Q nm and the lens 

aperture NA is 0.5 is used, a cross-talk of -30 to -35 dB 

occurs when the track pitch is 1. 6 µ. m, and· that of -15 to -. , 

20 dB·: occurs when the track pitch is O. 8 JL m, thereby 

producing a problem in that an ID signal and a data signal 

cannot ~e reproduced normally. 

Particularly, there arise the following problems: In 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-ta1k on the ID signal, and that an ID signal Of 

an adjacent track is erroneously reproduced. In 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 th~ 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 

reproducing process, a cross-talk, or a cross-erase produces 

errors which exceed a criterion, so that defective sectors 

are generated in an increased number. 
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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 

5 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 

10 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; 

15 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; 

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

tra~ks; 

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 SH.BET HAS BEEN 
REPLACED 
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output of said track designation means, and for actuating an operation of recording or 

reproducing information on the track or the sector; and 

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 

5 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 disk comprising a recording plane 

having a spiral first track and a spiral second track, information being recorded into and/or 

10 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 

15 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 

20 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 
REPLACED 



- 8 -

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, 

5 in such a manner that address signals of adjacent ones of said firs~ ·and second tracks do not 

overlap with each other in a radial direction. 

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 

10 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 

15 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 

20 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 
REPLACED 
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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 

5 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. 

10 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 

15 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 

20 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 
REPLACED 
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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 

tracks which are formed on the same recording plane, and in which both first address 

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 is recorded into and/or reproduced 

from both said first and second tracks. 

THIS SHEET HAS BEEN 
REPLACED 
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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, 

5 (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 

10 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 

15 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 

20 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 
REPLACED 
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adjacent ones of said first and second tracks do not overlap with each other in a radial 

direction. 

In another aspect, there is provided a method for recording information on an optical 

5 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, and 

10 (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. 

15 

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, 

20 (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, 

THIS 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 

5 (t) forming said disk management area into a volume management area for recording 

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

reproduced from both said first and second tracks. 

THIS 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 which is another 

embodiment of the invention. 

Fig. 5 is a block diagram of an embodiment of an 

information recording/reproduction appa~~tus which is to be 

appl~ep to the optical disk of the invention . 
. ; ;_ 
_F"ig. 6 is a block diagram of a focus tracking control 

circuit . 
. -

Fig. 7 is a block diagram ofa 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 diagram illustrating an information 

recording conducted on an optical disk of the prior art. 

Fig. 11. is a block diagram showing a part of the 

config.uration 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 

recordJ..ng/reproduction apparatus which is applied to the 

optical disk of the invention. 

Fig. l3 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 embpdiment of the invention. 

Fig. 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. 

I : 
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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 IDl in which address 

signals Al and A2 for the sector and modulated by a first 

modulation method are recorded, a data field DF in which 

data are recorded in a second modulation method, a gap Gl in 

which no signal is recorded, and a buffer field Bl for 

absorbing variations of the disk rotation and various time 

periods. The data field OF 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 16. 

Fig. l(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 of 

Fig. l(a). In Fig. 1, for example, the PE (Phase Encoding) 

modulation which is a digital modulation me~~od is employed 

as the first modulation method, and, for example, the <2-7> 

RLL (Run Length Limited) modulation which is a digital 

modulation method is employed as the second modulation 

method. Since the DR (Density Ratio> of the modulation 

methods is 1 : 3 ,and the reproduction of an RLL signal 

requires a PLL <Phase 'Lock Loop> circuit, an address signal 

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

sectors 13 and 17 have the same length. 

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

in a radial direction of the disk,· and a cross-talk of about 
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-15 dB occurs between the ID fields. Since the modulation 

methods of IDl 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. l, only the ID fields of the groove record 

track and ~he land record track are subjected to recordings 

of different modulation methods. Alternatively, also the ID 

fields and the data fields may be ·subjected to recordings of 

different modulation methods. When at least the ID fields 

among the ID fields and the data fields are subjected to 

recordings of different modulation methods, the same effect 

can be at~ained. 

Fig. 2 is a diagram showing the sector format of a 

land/groove record optical disk whlch is an embodiment 

of the invention. 

In Fig. 2, the same reference numerals as those of Fig. 

l 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. 2Ca> 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. 2Ca' ), "l" of 

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

of the land, and 11 0" at the level of the groove. In ID4, as 

shown in Fig. 2Cb'), "l" of a channel bit is recorded at the 

level of the groove, and "O" at the l~vel 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 the 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 

proces$ corresponding to the respective track, and therefore 

normally reproduce the respective ID signal without being 

af fect~d by a cross-talk• 

Fig. 3 is a diagram showing the sector format of a 

land/gro.ove 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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pluraiity of sectors 19. 

of a land record track. 

Fig. 3Cb> shows the sector format 

The track 20 is divided into a 

plurality of sectors 21. Fig. 3(c) shows the format of 

sector ID fields ID of the sectors 19 and 21. Each sector 

ID field consists of a VF02 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 gr~ove record track 18 is positionally 

shifted from the initial sector 21 of the land record track 

~O 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 sec~or 

indicates whether the corresponding ID belongs to the groove 

record tr.ack 18 or to the land record track 20. For 

example, when the ID belongs to the groove record track 18, 

11 0• is recorded, and, when the ID belonjs to the land record 

track.20, "l" is recorded. 
~ J" 

Since the IDs of the tracks 18 and 20 are arranged in a 

radial direction 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 configuration of an address 

signal of each sector which is used in another embodiment. The 

configuration is the same as that shown in Fig. 3Cc). Fig. 

4Cb) shows the relationship of the record!~~ positions of 

the VF02 fields which are respectively at the beginnings 0£ 

the ID signals of a groove record track 23 and a land record 

track 24. Record pits 25 of a channel bit "l" of the 

address signal of the groove record track 23 are formed so 

as to ,correspond to the level of a land 28, and no" is 

formed so as to correspond to the level of a groove 29. 

Record pits 26 of the address signal of the land record 

track 24 are formed in such a manner that a channel bit "l" 

corresponds to the level of the groove 29, and "On to the 

level of the land 28. Also in the first and thirdabove-

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 24 are 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 currently tracked by the 

light beam is allowed to be normally reproduced, by checking 

the 1and/g~oove identification signal 22. 

In the first to fourth disks des~ribed above, the 

address signal may be composed of one of the following sets: 

the track address TA, and the sector address SAi the track 

identification· signal 22, the address information AM, and 

the error detection signal CRC; and the track address TA, 

the ~ector 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 l /ca·n> where l is the 

wavelength of a laser beam, and n is the refractive index of 

the disk substrate. 

Fig. S 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 ~ade while setting the track 

designation means as a CPU 47, the track search means as a 

linear motor 34, the signal reproduction means as a head 

~mplifier 36, the address reproduction means as a sector ID 

reproduction circuit 40, the data recording/reproduction 

control means as a sector recording/reprodu~tion control 

circuit 41, and the information recording/reproduction means 

as a data modem circuit 42. 

In Fig. S, 30 designates an optical disk which is to be· 

atta~hed to a motor 31 so as to be rotated thereby, 32 
.:. J" 

designates a recording plane of the optical disk 30, 33 

designates an optical head for focusing a laser beam on the 

recording plane 32, and 34 designates the linear motor <LM> 

whic~ functions as the track search means, and which moves 

the optical head 33 to s~arch 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. The 

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 c 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 

semiconductor 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~oduction means, and which outputs the sector address e 

and the land/groove identification signal q of the track of 

a sector ID, from an output d of the binary coding circuit 

37. "The reference numeral 41 designates the sector 
·:1 

recording/reproduction control circuit which functions as 

the data recording/reproduction control means, which 

compares the track sector address e with a target sector 

address "of a CPU data bus f at which data are to be recorded 

or reproduced, to check whether they coincide with each 

other or not, and whi6h generat~s a write gat~ 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 a·ata i with the ( 2-7) RLLC (Run 

Length Limited Code> or the like and outputs a modulated 

signal j, and which demodulates the binary-coded reproduced 

signal d and outputs demodulated data k. The reference 

numeral 43 designates an error correction.circuit which 

generates coded data i wherein an error correction code is 

added to data to be recorded, and which detects an error in 

demodulated data k to correct the data, 44 designates a 

~emery 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 (Small Computer 

System Interface> bus x, and 47 designates the CPU of.a 

microcomputer which functions as the track ·designation 

means, .and which controls the whole of the information 

recording/reproduction ~pparatus·, In Fig. S, rn designates a 

land/~roove selection signal which is output from the CPU 47 
~ J' 

and supplied to the focus tracking control circuit 35 and 

the sector ID reproduction circuit 40, and which selects one 

of the recording/reproduction on the iand 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 designates 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, SO 

designates a tracking servo circuit, and p designates an 

actuator driving signal for driving a tracking actuator of 

the optical head 33. The land/groove selection signal mis 

switched and the polarity of the tracking error signal n is 

inverted, so that the tracking is conducted 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 differ.ent from that of the groove record track. In 

the figure, SlA designates an address reproduction circuit A 

which. reproduces the se.ctor ID of the groove record track, 

SlB designates an address reproduction circuit B which 

reproduces the sector ·ro of the land record track, and 52 

designates a multiplexer MPX which selects either of 

reproduction address outputs el and e2 of the address 

reproduction .circuits SlA and·SlB ·in accordance with the 
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land/groove selection signal m. 

Fig. 8 is a view showing the configuration 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. In the figure, 53 designates 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 re~roduced signal d or an 

~nverted signal d' of the reproduced signal in accordance 

with the land/groove selecti.on signal m, 55. designates an 

address reproduction circuit, and q designa~~s 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 d, 

whereby the land record track or the groove record track is 

identified with using the land/groove identification signal 
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q 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 recordin~/ieproduction control circuit 41 which 

is applied to the optical disks shown in Figs. 3 and 4. In 

the figure, 56 designates a register which latches the 

target address of the CPU data bu·s f 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 

land/groove identification signal q with the land/groove 

selection signal m and outputs a coincidence signal when the 

two signals coincides with each other unoer-=-the state where 

the_ comparator circuit A 57 outputs a coincidence signal_, 

and 59· designates a read/write gate generator which outputs 

at the timing of the output of the comparator circuit B 58 a 

read or write command that has be·en latched in a register 60 

from the CPU data bus f in response to a strobe s2, as the 

write gate g_ or the read gate h to the data modem circuit 

42. 

The operation of the recording/reproduction apparatus 

which is configured as described above and recqrds 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 whether the target track 

is the land record 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. 

signal n inverted or non-inverted which is supplied from the 

optical head 33 depending on the land/groove selection 

signal m, and supplies the actuator driving~~ignal p to a 

tracking actuator coil of the optical head 33. The focus 

tracking control circuit then supplies a seek command for 

the ~arget track to the linear motor driving circuit 39 to 

drive the linear motor 34, thereby moving the optical head 

33 to~~he 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 modu·lated signal j is supplied to the 

laser driving circuit 38. 

The optic~l head 33 records the modulated signal j into 

the sector o~ the recording plane 32. The above data record 

operation is repeated in the given number of sectors. 

Hereinafter, the data read operation will be described. 

The host computer 45 outputs the read command to the 

SCSI bus x. The CPU 47 receives the command through the IF 

46 to ,interpret it. Depending on whether the ·target track 
.;i 

is t~~ land record track or the groove r~cord 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 

signal n inverted or non-inverted ·which is supplied from the 
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optical 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 linear motor ~4, 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 

cir~uit 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 coi~9idence of the 

addresses, the read gate signal h is supplied to the data 

modem circuit 42. 

The data modem circuit 42 is. actuated in response to 

the read gate h, and demodulates the detection signal d 

detec~ed by the optical head 33, to obtain the reproduced 
.. ,. 

data K: 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 a·gain 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 interf·ace 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 

con£iguration shown in Fig. 7. In the optical disk of Fig. 

l, the IO 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 SlA and SlB simultaneously 

conduct the reproduction operation on the binary-coded 

reproduced ~ignal d. When the modulation method of the 

binary-coded reproduced signal d coincides with the 

modulation methods of the first and second address 

reproduction circuits SlA and SlB, the reproduced address 

signals el and e2 are output. One of the address signals el 

and e2 ¥hi.ch corresponds to the land/groove selection signal 
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m is selected by the multiplexer 52 and then output as the 

reproduced address signal e. 

To the optical disk of the embodiment of Fig. 2, 

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. 2, the address s~gnals of 

t.he ID fields of the land record t·rack and the groove record 

track are recorded in such a manner that they are opposite 

to each 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/groove 

selection signal m. The selected signal is demodulated by 

the address reproduction circuit 55 which in turn outputs 

the ~eproduced address signal e and the land/groove 

identi£ication signal q to the sector recording/reproduction 

control apparatus 41 of Fig. 9. 

In Fig. 9, the target address of the CPU data bus f is 

latched in the register 56 in response to the strobe sl, and 

compared with the reproduced address signal e .in the 



34 

comparator circuit 57. The land/groove identification 

signal q 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 operation 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, 

applied are the ID.reproduction circuit 40 having the 

configuration shown in Fig. 8, and the sector 

recording/reproduction circuit 41 havin9 the configuration 

shown in Fig. 9. · 

In the optical disk of Fig. 3, the address signals of 

the ID fields of the land record track and the groove record 

track. are recorded in such a manner that the ID fields do 

not overlap with each.other in the track direction. 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 d. · 
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To the optical disk of Fig. 4, 

app1ied 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 fie1ds 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 checkered 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 app1ied to the optica1 disk of Fig. 2, 

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

binary-coded reproduced signa1 d. 

According to the configuration-· descried above, a cross­

talk b~tween land and groove record tracks which are 

adjacent to each other is reduced as compared with that in 

the prior art by making the modu1ation methods and/or the 

signal polarities different from each other, or changing the 

positions of IDs or the pit phase, while increasing the 

recording density of the optica1 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 increa_sed as compared with that in the prior 

c:trt,_ 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 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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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 •nd second tracks is 

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

since address signals which are address information are 

recorded into t~e adjacent first and second tracks in 

polarities opposite to each other and in such a manner that 

th~y 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 optical head with inverting the polarity of the 

signal, 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 tracks can reduced 

and a recording/reproduction error due· ta a cross-talk 

between the first and secqnd tracks is prevented from. 

occurring in an ~D signal or a data signal. 

since, when information is to be recorded onto or repro~uced 

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 

identiftcation signal, outputs a reproduction address signal 

corresp~nding to the track, information can be recorded onto 

or reproduced from the optical disk so that th~ recording 

density can be increased as compaz::ed with that in th~ p~ior 

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 optic~~ disk 101, 103 

designates a recording plane of.the optical disk 101, 104 

designates an optical head for focusing a laser beam on the 

recording plane 103, 105 designates a linear motor <LM> 

which moves the optical head 104 to aearch a target track, 

io6 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 c, 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, ana 

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 f, and a track identification signal g of a 

sector ID, from the binary-coded si.gnal. e. The reference 

numeral 112 designates a read/write gate generator which 

compares the track address and sector address f with a 

target sector address of a CPU data bus h at which data are· 

to be recorded or reproduced, and which generates a write 

gate signal i and read gate signal j for the sector. The 
.. 

reference numeral l.13 designates a data modem 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 

reprqd,uced signal e and outputs demodul.ated data n. The 
~ .. 

reference numeral 114 designates an error correction circuit 

which generates coded data k wherein an error correction 
,_ 

code is added 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 

CCPU> 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 for 

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 selects either of the recording/reproduction of the 

first track wherein data ar• recorded into a groove, and the 

recording/reproduction of the second track wherein data are 

recorded onto a land. 

iA the focus tracking control circuit 106, 121 

designates a polarity inversion circuit for the tracking 

error signal c, 122 designates a multiplexer CMPX> which 

selects ~he tracking error signal nor an inverted signal n' 

of the error signal in accordance with the track selection 

signal p, 123 designates a focus t~acking servo circuit, and 

q designates an actuator driving signal for driving a 
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tracking actuator of the optical head 104. The polarity of 

the tracking error signal c is inverted in accordance wit~ 

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 l24 with the reproduction address f, 

and the track identification signal g with the track 

designation signal p, 126 designates a register for latching 

the read or write command from the CPU data bus h, and 127 

designates a gate generator which outputs the write gate 

signal i or the read gate signal j in respon.S·e to the output 

of the comparator circuit 125 or that of the register 126 to 

the data modem circuit 113, thereby actuating the data 

modulation or the data demodulation. 

A~~emory 119a reads out data of the subject sector from 

the disk management area of the optical 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 

management method identification information. In accordance 

with the contents of the memory 119, the CPU 118 contro1s 
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the data recording and the defective sector alternation 

process of the first and second track of the optical disk 

101. The reference numeral ll9b designates a memory for 

recording defect list information, and ll9c designates a 

working area for conducting the defect alternation process. 

Fig. 13 is a view showing the appearance of an optical 

disk in which a first 

track records data into a groove and a second track records 

data onto a land. In Fig. 13, an ID signal is not shown. 

Fig. 13Ca) is a plan view of the first and second tracks, 

and Fig. 13(b) is a section view of portion A-A' of Fig.· 

l.3(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 substrate of the optical disk, 

133 de$ignates a recording film, 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 of a depth d. In order to suppress the amplitudes of 

the tracking signal and the reproduced signal, ~nd the 

_degree of a cross-talk between the first and second tracks, 

the depth d is set to be about l /6n. 
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In Fig. 14, (a) shows a 

recording plane 1100 consisting of the first track, and Cb> 

shows a recording plane 1101 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 sector 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 defective sectors of the data record areas 138 and 

139. Defective sectors are alternated in the spare area 140 

in a iump. 

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, Ca> shows a recording plane 1100 consisting 

of the first track, and (b) shows a recording 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 

re~ording 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 a~ea 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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a1ternated in the spare area 141 or 142 of the track. 

Therefore, it is not necessary to change the track selection 

from the first track Cor 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. In other words, the alternation process can be 

conducted rapidly. 

·In Fig. 16, Ca) shows a recording plane 1100 consisting 

of the first track, and Cb} shows a recording plane 1101 

consisting of the. second track. In the figure, 35 and 36 

respectively designate disk management areas formed in the 

first and second 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 ar~as 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, thereby 

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 so 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 ptocess, 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 mana~ement information 
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to be recorded into the disk identification areas 35 and 36. 

In Fig. 17Cal, 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 v~lume management 

identifier. In Fig. 17Cb>, 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 

identifier. 

The disk management identifiers 144 ana·150 indicate 

that the respective sector is a disk management information 

area. The defect list area addresses 145 and 151 indicate 

the positions and sizes of the defect list areas 137 and 143 

of th~.recording planes 1100 and 1101. The spare area 
• r 

addre~~es 146 and 152. indicate the positions and sizes of 

the spare areas 140, 141, and 142 of the Lecording planes 
'· 1100 and 1101. The data record area addresses 147 and 153 

indicate. the positions and sizes of the recording planes 

1100 and 1101. The defect management method identifiers 148 

and 154 indicate the defect manage~ent 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 

13e and 139 constituting the volumes. 

Figs. 18 to 20 are track access diagrams showing 

track addressing 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 track to be accessed is switched such 

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 - l' - 2 - 2' - 3 - · • · ·• In 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 t~acks. 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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signaJ.. 

Fig. 19 is a diagram showing 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 1 - 2 - 3 - · · · • - n are accessed in the 

first track 156 of the recording plane·1sa, and tracks l' -

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 average.access time can 

be 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 which 

address information of sectors of the first and second 

tracks is recorded. In the figure, TA designates a track 

address, SA designates ~ 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 t~e .most 

significant bit of the track and indicates whether the track 

is the first track or the second track. 

I ~ 
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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 

SCSI 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 track, 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 

multipYexer 122 supplies the tracking error signal c to the 

focus tracking circuit 123 so that the tracking is conducted 

on the f"irst 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 ~rea 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 f 

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 113 is actuated by the r~a~ gate j, demodulates the 

reproduced 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 memory. The 

demodulated data n stored in the memory 115 are subjected to 

the error detection and correction in the error correction 

circuit 114, and then stored in the memory 115. The CPU 118 

reads; qut the reproduc_ed data which have undergone the error 

correc~'ion, and writes ·the data into the memory 119 . 

. •,. . 
Furthermore, 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 

ori 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 

SCSI 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 defect list 

information stored in the memory 119. If the sector is not 

a defective sector, the track selection signal is set to the 

first.or second track depending on the sector. If the 

sector is a defective sector, the track selection circuit 

120 is:Jset so as to select the second track having the spare 

area 140. In response to the track designation signal p, 

the tracRing error signal c or an 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 lOSJ thereby moving the optical head 104.td~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 f of the ID reproduction-circuit 111. At 

the same time, the comparator circuit 125 compares the track 

designation signal p from the track designation c~rcuit 120 

with the track identification signal g of the ID 

reproduction circuit 111. ~n response to the coincidence 

outpuf.tof the comparator circuit 125, and the write/read 

command 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 

i, modulates the coded data k with the C2-7> RLLC, and 

supplies the modulated signal m to the laser driving circuit 

109. '1:'he optical head 104 ·r'e'cords 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 

specifical.ly, the host computer 11.6 sends out the read 

command for a record sector, and the CPU 118 causes 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 sector address into the register~l24 of the 

read/write gate generator 112, and the read command into the 

register 126. In the read/write gate generator i12, the· 

comparator .circuit .125 compares the read sector address of 

the register 124 with the address output f of the ID 

repro~µction 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 i13 is 

actuated by the read gate j, demodulates the reproduced 

··· ··· signal e of the recording plane ·103 which is suppl.ied ·from 
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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 

subjected to the error detection 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 criterion 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 cq~mand is issued. 

The CPU 118 outputs the track designation signal p for 

selecting the second track, to the track selection circuit 

120. The multiplexer 122 supplies the inverted tracking 

error signal c' to the focus tracking circuit 123 so that 

the tEacking is conducted on the second track. Then, data 
~I 

are recorded into the spare area in the same manner as the 

data recording discussed above. The addresses of the 

defective 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 spare 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 

list area to which the defective sector belongs. The above-

mentioned data recording, and the alter~ation process of a 

defective sector are conducted depending on :the contents of 

the volume management identifiers 149 and 155, and the 

defect mana·gement method identifiers 148 and 154. 

~~£erring now to Fig. 14, the data recording conducted 

on the1 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 

I i 
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circuit 120 is set so as to select the second track having 

the spare ~rea 140. In response to the track designatiori 

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 

1.04 to the target track. 

Depending on the defect list infor.mation, the CPU 11.8 

sets a read sector address into the register 124 of the 

read/write gate generator 112, and the read command into the 

register 126. ~n the read/write gate generator 1.12, the 

comparator circuit 1.25 compares the read sector address of 

the register 124 with the address output f of the ID· 

reproduction circuit 111, and the track designation signal p 

with the track identification signal ~· The gate generator 

127 decodes the coincidence output and the output of the 

regis~~r 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, demodul.ates 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 ar~ stored in the memory. 

The demodulated data n stored in the memory 115 are 
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subjected to the error detection and correction in the error 

correction circuit 114, and again stored in the memory 115. 

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 ~he 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 conducted ~epending on 

the contents of the defect management method identifiers-148 

and 154, and the volume identifiers 149 and 155. 

Ai described above, the 

data re~ording 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 in 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, 

thereby 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 detected. Depending on 

the 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 alternations of defective 

sectors, and records ·the addresses and sizes 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. In the defect list areas 137 , recorded are 

altern~tion lists of defective sectors of the recording 

plane.~ilOO of the first t~ack 130 and the recording plane 

1101 of the 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 appar_ent 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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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; 

20 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 fo~ reading out address signals of said first and second 

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 
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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 

5 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 

10 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 

15 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. 

20 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 

25 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 

30 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'),./ (S·n) where A. is a wavelength of a laser beam, and 

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

5 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 

10 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 

15 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 

20 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" corresponds to a level of the land and a channel bit "O" corresponds 

to a level of the groove, and 

said second address signals of said second track are recorded in such a manner that a 

25 modulated channel bit "l" corresponds to a level of the groove and a· channel bit "O" 

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 

30 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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. 

5 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 

10 dat~ 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 

15 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 

20 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 

25 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. 

30 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').../ (8·n) where A. is a wavelength of a laser bea..'11, 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 

10 of recording or reproducing information, 

15 

20 

. 25 

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. 

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 information, 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. An optical 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 

30 modulated channel bit "l" corresponds to a level of the land and a channel bit "O" corresponds 

to a level of the groove, and 

THIS SHEET HAS BEEN 
REPLACED 



11111111111111 11111 1111111 1111 
* C L M S * - 68 -

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 "O" 

corresponds to a level of the land. 

5 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 "O" corresponds 

10 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 "O" 

corresponds to a level of the land. 

15 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 

20 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 the first modulation method, the address signals of said second track being opposite 

25 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, 

30 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 
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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 

5 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 

10 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 

15 direction. 

27. 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: 

20 (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) 

25 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 

30 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, 

(e) 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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