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OPTICAL HEAD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
08/306/065, filed on Sep. 14, 1994, now abandoned, which 
is a Reissue of application Sen No. 07/685,409, ?led onApr. 
16, 1991, US. Pat. No. 5,148,421. 

FIELD OF THE INVENTION 

The present invention relates generally to an optical head 
of an optical disc recording-reproducing apparatus for 
recording and reproducing information to an optical disc, 
and more particularly to a convertible optical head Which is 
applicable to both the standard optical disc and a nonstand 
ard optical disc. 

DESCRIPTION OF THE RELATED ART 

AreWritable optical disc such as a magneto-optical disc is 
standardized by the “Draft Proposal DP10090 of ISO Stan 
dard”. According to the standard of the Draft Proposal, the 
reWritable optical disc is 86 mm in diameter and has a 
recording area on one surface of a transparent polycarbonate 
substrate of 1.2 mm thick. Moreover, a protection layer of 
0.2 mm thick at the most is placed on the recording area, and 
thus entire thickness is 1.4 mm at the most. In a magneto 
optical disc according to the standard, a magnetic device is 
arranged to generate a magnetic ?eld in immediate proxim 
ity to the recording area. A recording capacity of the 
above-mentioned standard optical disc is 128 MB, for 
example. The reWritable optical disc in the prior art men 
tioned above has the recording area on only one side of the 
optical disc, and hence signi?cant increase of the recording 
capacity has been impossible. In order to signi?cantly 
increase the recording capacity, an optical disc having the 
recording area on both sides of a substrate is devised, and 
hence a convertible optical head must be developed to be 
applicable to both the standard optical disc and the optical 
disc having the recording area on both the sides of the 
substrate. 

OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide an optical 
head of an optical disc recording-reproducing apparatus 
Which can use an optical disc having a recording area on one 
side of a substrate in accordance With the draft proposal 
DP10090 of ISO standard or an optical disc having record 
ing areas on both sides of a substrate in order to increase 
recording capacity. 

The optical head in accordance With the present invention 
comprises: 

laser light emitting means for emitting laser light, 
collimating means for collimating the laser light emitted 
by the laser light emitting means, 

focusing means for focusing the laser light collimated by 
the collimating means on a recording area of an optical 

disc, 
a beam splitter for separating laser light re?ected from the 

recording area of the optical disc, 
laser light sensing means for detecting laser light sepa 

rated by the beam splitter, 
at least one optical plate for correcting aberration of the 

focusing means, and 
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2 
actuator means for positioning the optical plate betWeen 

the optical disc and the focusing means or for removing 
the optical plate therefrom. 

While the novel features of the invention are set forth 
particularly in the appended claims, the invention, both as to 
organization and content, Will be better understood and 
appreciated, along With other objects and features there, 
from the folloWing detailed description taken in conjunction 
With the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side vieW of an optical disc recording 
reproducing apparatus of an embodiment in accordance With 
the present invention; 

FIG. 2(a) is a cross-section of an optical disc according to 
the draft proposal DP10090 of ISO standard; 

FIG. 2(b) is a cross-section of an optical disc having 
recording areas on both sides of the optical disc; 

FIG. 3 is a graph of a relation betWeen a numerical 
aperture and a peak intensity ratio of a laser beam. 

It Will be recognized that some or all of the FIGURES are 
schematic representations for purposes of illustration and do 
not necessarily depict the actual relative sizes or locations of 
the elements shoWn. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a side vieW of an optical head of an embodiment 
in accordance With the present invention. Referring to FIG. 
1, an optical disc 2 is enclosed in a cartridge 1 having an 
aperture 101 covered by a transparent member 102 on the 
loWer face thereof to alloW passing of laser light. The 
cartridge 1 is set to a driving apparatus comprising a driving 
motor 4, and the optical disc 2 is rotated by a shaft 5 of the 
driving motor 4. The cartridge 1 has identi?cation pits (or 
holes) 23 on the circumferential part thereof. The identi? 
cation pits 23 are sensed by a detector 3 comprising a light 
source and a light sensing device, and a kind of cartridge is 
identi?ed by the position of the identi?cation pits 23. The 
detected output of the detector 3 is output on a terminal 24. 

An optical head comprising a stationary optical part 6 and 
a moving optical part 7 is placed under the cartridge 1. The 
stationary optical part 6 comprises a laser light emitting 
device 9 for emitting a laser light and an opto-electronic 
device 14. The laser light emitted from the laser light 
emitting device 9 is passed through a beam splitter 11, a 
)t/4-optical plate 12 and a collimator lens 10, and a colli 
mated laser beam 16 is emitted from the stationary optical 
part 6. 
A moving optical part 7 is movably held by a guide rail 

22 secured to the stationary optical part 6, and is moved 
along the guide rail 22 by a linear driving motor 21 mounted 
on the moving optical part 7 in a direction shoWn by arroW 
A. The moving optical part 7 comprises a re?ection mirror 
17 for directing the laser beam 16 upWard in FIG. 1, a 
focusing lens 18 for focusing the laser beam 16A re?ected 
by the re?ection mirror 17 on a recording area 8 of the 
optical disc on Which information is recorded and an optical 
plate 19 for correcting aberration of the laser beam 16B 
focused by the focusing lens 18. 
The focusing lens 18 is moved in the direction of the 

optical axis thereof by a focusing lens drive means 18A. 
The optical plate 19 is shifted by a shift mechanism 20 in 

a direction shoWn by arroW B, so that the optical plate 19 is 
positioned in front of the focusing lens 18 or is removed 
therefrom. 
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“Focusing” and “tracking” of the laser beam 16B to a 
predetermined track of the optical disc 2 are performed by 
moving the collimator lens 10 in the stationary optical part 
6, Which is moved by an actuator 15 in the stationary optical 
part 6. 

Laser light re?ected by the recording surface 8 of the 
optical disc 2 is applied to the re?ection mirror 17 through 
the focusing lens 18, and is directed to the collimator lens 10 
of the stationary optical part 6. In the stationary optical part 
6, the re?ected laser light is directed to the opto-electronic 
device 14 by the beam splitter 11. 

FIGS. 2(a) and 2(b) are cross-sections of the standard 
optical disc 25 and a “double recording optical disc” 26 
having the recording area on both sides of the substrate of 
the optical disc, respectively. 

Referring to FIG. 2(a), a spiral track 28 or a plurality of 
tracks 28 of concentric circles are formed on a surface of a 
substrate 27 made of transparent material such as polycar 
bonate plastics or glass. According to the Draft Proposed 
DP10090 as ISO Standard, the substrate 27 is 1.2 mm thick 
(t1) and the entire thickness (t) is 1.4 mm. A recording layer 
34 is plated on the face having the tracks 28, and further the 
recording layer 34 is covered With a protection layer 29 for 
protecting the recording layer 34 and tracks 28. Recording 
reproducing operation of the optical disc 25 is performed by 
applying a laser beam 16B for the moving optical part 7 to 
the surface of the substrate 27. 

Referring to FIG. 2(b), tracks 35 are formed on a surface 
of a ?rst substrate 30 in a similar manner of the standard 
optical disc 25. On the other hand, tracks 36 are formed on 
a surface of a second substrate 31 in a similar manner of the 
?rst substrate 30. Then, a recording layer 33 for recording 
information by variation of status of crystalliZation is plated 
on both the tracks 35 and 36. Subsequently, the ?rst substrate 
30 is adhered With the second substrate 31 by suitable 
adhesive substance 37 in a manner that the surface having 
the tracks 35 of the substrate 30 faces to the surface having 
the tracks 36 of the second substrate 31. Both the substrates 
30 and 31 are 0.6 mm thick (t2) and the adhesive substance 
37 is made to 0.2 mm thick, and consequently, the entire 
thickness is 1.4 mm. 

The focusing lens 18 is adequately designed in a manner 
that various aberrations are minimiZed With respect to the 
standard optical disc 25 having the substrate of 1.2 thick. 
Therefore, in the double recording optical disc 26 shoWn in 
FIG. 2(b), since the thickness t2 of the ?rst substrate 30 is 
0.6 mm, Which is thinner than that of the substrate 27 of the 
standard optical disc 25, the various aberrations increases. In 
order to correct the various aberrations in the double record 
ing optical disc 26, an optical plate 19 made of a ?at-plate 
optical member is inserted betWeen the focusing lens 18 and 
the double recording optical disc 26. The laser beam 16B 
focused by the focusing lens 18 is applied to the double 
recording optical disc 26 through the optical plate 19. 
Consequently, the double recording optical disc 26 and the 
standard optical disc 25 are compatibly usable in the same 
optical disc recording-reproducing apparatus by insertion or 
removing of the optical plate 19. In the double recording 
optical disc 26, the distance betWeen the focusing lens 18 
and the recording area 35 must be kept on the same value as 
that in the standard optical disc 25 to focus the laser light 
16B on the recording area 34 Which is nearer than the 
recording area 35 of the standard optical disc 25 to the 
focusing lens 18. The shift of the focusing lens 18 is 
performed by the focusing lens drive means 18A (shoWn in 
FIG. 1). 
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The thickness t3 of the optical plate 19 is given by 

Where, 
n1: refractive indeX of substrate 27, 
n2: refractive indeX of substrate 30, 
n3: refractive indeX of optical plate 19, 
t1: thickness of substrate 27, 
t2: thickness of substrate 30. 
For eXample, it is assumed that refractive indexes n1, n2 

and n3 are 1.5, and the thickness t1 is 1.2 mm and the 
thickness t2 is 0.6 mm, the thickness t3 is 0.6 mm. 
Moving operation of the optical plate 19 is determined by 

detection of the identi?cation pits 23 of the cartridge 1. 
Though one optical plate 19 is illustrated in FIGS. 2(a) and 
2(b), a plurality of optical plates 19 having a variety of 
thicknesses may be mounted on a revolving holder to alloW 
use of a variety of optical discs. 

Recording operation of the standard optical disc 25 is 
elucidated hereafter for a magneto-optical disc. The direc 
tion of magnetiZation of the recording layer 34 is oriented 
into a predetermined direction by erasing operation in 
advance. Subsequently, a laser beam of Which the diameter 
of the cross-section is 1 pm of smaller is applied to a 
predetermined position of the recording layer 34. The inten 
sity of the laser beam 16B is selected to heat the recording 
layer 34 to the Curie temperature or higher. Then biasing 
magnetic ?eld is applied to the recording layer 34 by a 
magnetic ?eld generating means (not shoWn) in concurrence 
With temperature rise of the recording layer 34, and thereby 
the direction of magnetization of the recording layer 34 is 
turned over. Namely, the recording of the information is 
performed by change of the direction of magnetiZation. 

In the above-mentioned operation, the intensity of the 
laser beam is controlled by the input current of the laser light 
generating device 9. 

In reproducing operation of the information recorded as 
mentioned above, a laser beam 16B of Which the intensity is 
loWer than that of the recording operation is applied to the 
recording layer 34, and a variation of a plane of polariZation 
of the re?ected laser light is detected. The plane of polar 
iZation is varied by Kerr effect in compliance With the 
direction of magnetiZation. 
The recording-reproducing operation by means of the 

phase-change of crystalliZation in the recording layer 34 is 
elucidated hereafter. A laser beam 16B having a predeter 
mined intensity is applied to the recording layer 34, and 
Which is transferred to amorphous state or crystal state. For 
instance, in recording operation, the laser beam having a ?rst 
intensity Which is relatively large is applied to a predeter 
mined part of the recording layer 34 to record information, 
and thus the recording layer 34 is heated to a temperature 
Which is higher than the melting point of the recording layer 
34. Then the part of the recording layer 34 is rapidly cooled 
by sudden extinction of the laser beam 16B. Consequently, 
the part of the recording layer 34 transfers to amorphous 
state, and thereby the information is recorded. 

In erasing operation of the information, the part of the 
recording layer 34 is heated to a temperature Which is loWer 
than the melting point by a laser beam 16B having a second 
intensity Which is loWer than that of the ?rst intensity. 
Consequently, the part transfers to crystalliZed state Which 
represents erased status of the recording layer 34. 

Erasing operation and recording operation can be per 
formed simultaneously at the same part of the recording 
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layer 34 by applying the ?rst intensity of the laser beam. The 
above-mentioned operation is named “direct overwrite”. 

In reproducing operation of the information recorded by 
the above-mentioned operation, a laser beam of a third 
intensity Which is loWer than the second intensity used in the 
erasing operation is used, and the information is reproduced 
in a manner that is familiar to one skilled in the art. 

In reproducing operation of the double recording optical 
disc 26 shoWn in FIG. 2(b), a side of the optical disc Which 
is used presently for in recording-reproducing operation is 
faced to the moving optical part 7 and is set to the shaft 5 of 
the driving motor 4. The recording-reproducing operation is 
similar to that of the standard optical disc 25 shoWn in FIG. 

2(a). 
In general, the recording density D of the optical disc is 

given by 

Where, 
NA: numerical aperture, 
7»: Wavelength of the laser light. 
In the equation (2), the wavelength A of the laser light 

must be reduced or the numerical aperture NA of the 
focusing lens 18 must be increase din order to increase the 
recording density D. The reduction of the wavelength A of 
the laser light depends on the status of research and devel 
opment of the laser light emitting device in the present 
technology of electronics. Therefore, the increase of the 
numerical number NA of the focusing lens must be consid 
ered in order to increase the recording density D. HoWever, 
the increase of the numerical aperture NA is limited by the 
thickness of the substrate 27 or 30 of the optical disc or by 
increase by “Coma aberration” and “Astigmatism” Which 
are caused by tilt of the optical disc set on the driving motor 
4 of the optical disc recording-reproducing apparatus. 

In the event that the tilt angle of the optical disc is 
relatively small, for eXample 0.2 degree, Coma aberration 
mainly increases. OWing to the increase of the Coma 
aberration, the intensity of the laser beam 16B in recording 
operation is reduced, crosstalk is increased and C-N ratio is 
decreased in reproducing operation. 

In order to maintain the reduction of the intensity of the 
laser beam Within several per cent in 0.2 degree of the tilt 
angle of the optical disc, the numerical aperture NA must be 
selected to 0.5—0.55. 

FIG. 3 is a graph of relation betWeen a numerical aperture 
NA and a “peak intensity” of the laser beam. The peak 
intensity represents an intensity of the laser light at a part 
having a maXimum intensity in the cross-section of the laser 
beam focused on the recording layer 34. In the graph, 
abscissa is graduated by the numerical aperture NA, and 
ordinate is graduated by the peak intensity. The tilt angle of 
the optical disc is 0.2 degree, the refractive indeX of the 
substrate is 1.5, and the thickness t1 of the substrate of the 
optical disc is 1.2 mm, 0.6 mm or 0.3 mm. The graph is 
obtained by the calculation of “diffraction integration” 
according to “Kilchhoff’s diffraction theory”, and detailed 
description of the calculation is omitted. 

Referring to FIG. 3, When the thickness t1 is 1.2 mm and 
the numerical aperture NA is 0.5, the peak intensity is 
reduced to 99%. On the other hand, When the numerical 
aperture NA is 0.65, the thickness t1 must be 0.6 mm and 
beloW in order to maintain 99% of peak intensity. 
Furthermore, When the numerical aperture NA is 0.75, the 
thickness t1 must be 0.3 mm and beloW in order to maintain 
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6 
99% of peak intensity. In other Words, an optical system 
having a large numerical aperture NA can be employed by 
reduction of the thickness of the substrate. 

In?uence of dust in recording-reproducing operation of an 
optical disc increases in proportion to the reduction of the 
thickness of the substrate of the optical disc, because the 
cross-section area of a laser beam on the surface of the 
substrate decreases in proportion to the reduction of the 
thickness of the substrate. The dust problem in the optical 
disc recording-reproducing operation is described in “Sys 
tem coding parameters, mechanics and electro-mechanics of 
the re?ective video disc player”, (IEEE Trans. on Consumer 
Electronics, page 309—317, and FIG. 19, November 1976). 
According to this paper, When the thickness t1 is 0.6 mm or 
more, in?uence of dust can be ignored With respect to dust 
having a diameter of 75 pm and beloW. Moreover, When the 
thickness t1 is 0.3 mm, the in?uence of dust can be ignored 
With respect to dust having a diameter of 20 pm and beloW. 
Since the optical disc is enclosed in the cartridge 1, dust 
having 20 pm of diameter can not be entered into the 
cartridge 1. Therefore, the substrate of 0.3 mm thick is 
usable in the recording-reproducing apparatus. 

Furthermore, in the optical disc having a thin substrate 
such as 0.3 or 0.6 mm thick, the optical recording 
reproducing operation is preferable to the magneto-optical 
recording-reproducing operation, because rotation of mere 
0.2 degree of the plane of polariZation must be detected in 
the magneto-optical recording-reproducing operation. On 
the contrary, in the optical recording-reproducing operation, 
the reproducing operation can be performed by detecting 
variation of re?ection indeX by 20—30%. 

The recording capacity of the optical disc depends on the 
numerical aperture NA as shoWn in equation In the 
embodiment of the present invention, since the thin substrate 
such as 0.6 mm thick is used, the numerical aperture NA is 
increased. A resolving power 6 is inversely proportional to 
a numerical aperture NA as Well knoWn to those having skill 
in the art. Thus, the resolving power 6 decreases by increase 
of the numerical aperture NA. In other Words, a recording 
area occupied by one bit is reduced in inverse proportion to 
the square of an increase ratio of the numerical aperture NA. 
An “increase ratio R” representing increase of a recording 
capacity caused by variation of the numerical aperture NA is 
represented by 

R=(NA2/NA1)2 (3), 

Where, 
NA1: ?rst numerical aperture, 
NA2: second numerical aperture. 
For eXample, the ?rst numerical aperture NA1 is 0.53, and 

When the valve 0.53 of the ?rst numerical aperture NA1 is 
increased to a value 0.65 of the second numerical aperture 
NA2, the increase ratio R is about 1.5 ((0.65/0.53)2). 
Consequently, the recording capacity of the double record 
ing optical disc 26 becomes three times (1.5><2=3) of that of 
the standard optical disc (384 MB, for example). 

Although the present invention has been described in 
terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modi?cations Will no doubt 
become apparent to those skilled in the art after having read 
the above disclosure. Accordingly, it is intended that the 
appended claims be interpreted as covering all alternations 
and modi?cations as fall Within the true spirit and scope of 
the invention. 
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What is claimed is: 
1. An optical disc recording-reproducing apparatus com 

prising: 
laser light emitting means for emitting laser light, 
collimating means for collimating said laser light emitted 
by said laser light emitting means, 

focusing means for focusing said laser light collimated by 
said collimating means on a [recording] information 
area of a ?rst optical disc having a ?rst substrate of a 
?rst thickness (t1) and a ?rst refractive indeX (n1) or a 
second optical disc having a second substrate of a 
second thickness (t2) and a second refractive indeX 

(n2), 
a beam splitter for separating laser light re?ected from 

said [recording] information area of said ?rst optical 
disc or said second optical disc, 

laser light sensing means for detecting laser light sepa 
rated by said beam splitter, 

at least one optical plate for correcting aberration of said 
focusing means, having a thickness (t3) equal to a 
difference (n1*t1—n2*t2) betWeen the product of said 
?rst refractive indeX (n1) multiplied by said ?rst thick 
ness (t1) and the product of said second refractive indeX 
(n2) multiplied by said second thickness (t2) divided by 
a refractive indeX (n3) of said optical plate, and 

actuator means for positioning said optical plate betWeen 
said optical disc and said focusing means or for remov 
ing said optical plate therefrom. 

2. An optical disc recording-reproducing apparatus in 
accordance With claim 1, Wherein 

said optical disc is enclosed in a cartridge having at least 
one identi?cation pit for identifying said optical disc 
enclosed in said cartridge, and said identifying pit 
being detected by a sensing means, the detected output 
of said sensing means being utiliZed to control said 
actuator means. 

3. An optical disc recording-reproducing apparatus in 
accordance With claim 2, Wherein said sensing means 
includes a light source and a light sensing element. 

4. An optical disc comprising: 
a ?rst substrate of [at least] a thickness of about 0.6 mm 

[thick having a recording] consisting essentially of a 
layer having a tracked surface and an information 
layer on one side thereof, 

a second substrate of [at least] a thickness of about 0.6 
mm [thick having a recording] consisting essentially of 
a layer having a tracked surface and an information 
layer on one side thereof, said second substrate being 
adhered to said ?rst substrate With adhesive substance 
of at most 0.2 mm thick in a manner that the [recording] 
information layer of said second substrate is faced to 
the [recording] information layer of said ?rst substrate, 
said adhesive forming a solid boundary betWeen said 
?rst and second substrates. 

5. The optical disc of claim 4 wherein the recording or 
erasing of at least one of said information layers is ejfected 
by changing the phase of said information layer. 

6. The optical disc of claim 5 wherein said information 
layers are erased by crystallization of said information 
layers. 

7. An optical disc comprising: 
?rst and second substrates of a thickness of about 0.6 mm, 

an adhesive substance of at most 0.2 mm thick inter 
posed between said ?rst and second substrates, said 
adhesive forming a solid boundary between said ?rst 
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and second substrates, at least one of said ?rst and 
second substrates consisting essentially of a layer 
having a tracked surface and having an information 
layer on one side thereof said one side of said substrate 
having said information layer facing said other sub 
strate. 

8. A process for recording to or reproducing from optical 
discs of dijferent substrate thicknesses comprising: 

emitting laser light, 
collimating the emitted laser light, 
focusing the collimated laser light on an information area 

of a ?rst optical disc having a ?rst substrate of a 
thickness (t1) and a ?rst refractive index (n1) or a 
second optical disc having a second substrate thickness 
(t2) and a second refractive index (n2), 

separating the laser light reflected from said information 
area of said ?rst optical disc or said second optical 
disc, 

detecting the separated laser light, 
correcting aberration of a focusing means using an opti 

cal plate having a thickness (t3) equal to the dijference 
(n1 *t1—n2*t2) between the product of said ?rst refrac 
tive index (n1) multiplied by said ?rst thickness (t1 ) and 
the product of said second refractive index (n2) multi 
plied by said second thickness (t2) divided by a refrac 
tive index (n3) of said optical plate, and 

positioning said optical plate between said optical disc 
and said focusing means. 

9. An optical disc reproducing apparatus comprising: 
laser light emitting means for emitting laser light, 
collimating means for collimating said laser light emitted 

by said laser light emitting means, 
focusing means for focusing said laser light collimated by 

said collimating means on an information area of a ?rst 
optical disc having a ?rst substrate of a thickness (t1) 
and a ?rst refractive index (n1) or a second optical disc 
having a second substrate thickness (t2) and a second 
refractive index (n2), 

a beam splitter for separating the laser light re?ected 
from said information area of said ?rst optical disc or 
said second optical disc, 

laser light sensing means for detecting separated laser 
light, 

at least one optical plate for correcting aberration of said 
focusing means using an optical plate having a thick 
ness (t3) equal to the dijference (n1 *t1—n2*t2) between 
the product of said ?rst refractive index (n1) multiplied 
by said ?rst thickness (t1) and the product of said 
second refractive index (n2) multiplied by said second 
thickness (t2) divided by a refractive index (n3) of said 
optical plate, and 

actuator means for positioning said optical plate between 
said optical disc and said focusing means or for 
removing said optical plate therefrom. 

10. An optical disc comprising: 
a ?rst substrate of a thickness of about 0.6 mm consisting 

essentially of a layer having an indented surface and an 
information layer on one side thereof 

a second substrate of a thickness of about 0.6 mm 
consisting essentially of a layer having an indented 
surface and an information layer on one side thereof, 
said second substrate being adhered to said ?rst sub 
strate with adhesive substance of at most 0.2 mm thick 
in a manner that the information layer of said second 
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substrate is faced to the information layer of said ?rst 
substrate, said adhesive forming a solid boundary 
between said ?rst and second substrates. 

1]. An optical disc comprising: 
a ?rst substrate of a thickness of about 0.6 mm consisting 

essentially of a layer having a tracked surface and a 
re?ective layer on one side thereof 

a second substrate of a thickness of about 0.6 mm 
consisting essentially of a layer having a tracked 
surface and a re?ective layer on one side thereof said 
second substrate being adhered to said ?rst substrate 
with adhesive substance of at most 0.2 mm thick in a 
manner that the re?ective layer of said second substrate 
is faced to the re?ective layer of said ?rst substrate, 
said adhesive forming a solid boundary between said 
?rst and second substrates. 

12. An optical disc comprising: 
a ?rst substrate of a thickness of about 0.6 mm consisting 

essentially of a layer having an indented surface and a 
re?ective layer on one side thereof 

a second substrate of a thickness of about 0.6 mm 
consisting essentially of a layer having an indented 
surface and a re?ective layer on one side thereof said 
second substrate being adhered to said ?rst substrate 
with adhesive substance of at most 0.2 mm thick in a 
manner that the re?ective layer of said second substrate 
is faced to the re?ective layer of said ?rst substrate, 
said adhesive forming a solid boundary between said 
?rst and second substrates. 

13. An optical disc comprising: 
?rst and second substrates of a thickness of about 0.6 mm, 

an adhesive substance of at most 0.2 mm thick inter 
posed between said ?rst and second substrates, said 
adhesive forming a solid boundary between said ?rst 
and second substrates, at least one of said ?rst and 
second substrates consisting essentially of a layer 
having an indented surface and having an information 
layer on one side thereof said one side of said substrate 
having said information layer facing said other sub 
strate. 

14. An optical disc comprising: 
?rst and second substrates of a thickness of about 0.6 mm, 

an adhesive substance of at most 0.2 mm thick inter 
posed between said ?rst and second substrates, said 
adhesive forming a solid boundary between said ?rst 
and second substrates, at least one of said ?rst and 
second substrates consisting essentially of a layer 
having a tracked surface and having a re?ective layer 
on one side thereof said one side of said substrate 
having said re?ective layer facing said other substrate. 

15. An optical disc comprising: 
?rst and second substrates of a thickness of about 0.6 mm, 

an adhesive substance of at most 0.2 mm thick inter 
posed between said ?rst and second substrates, said 
adhesive forming a solid boundary between said ?rst 
and second substrates, at least one of said ?rst and 
second substrates consisting essentially of a layer 
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having an indented surface and having a re?ective 
layer on one side thereof said one side of said substrate 
having said re?ective layer facing said other substrate. 

16. An optical disc comprising: 
a ?rst substrate of a thickness of about 0.6 mm consisting 

essentially of a layer having a tracked surface and an 
information layer on one side thereof 

a second substrate of a thickness of about 0.6 mm 
consisting essentially of a layer having a tracked 
surface and an information layer on one side thereof 
said second substrate being adhered to said ?rst sub 
strate with adhesive substance of at most 0.2 mm thick 
in a manner that the information layer of said second 
substrate is faced to the information layer of said ?rst 
substrate, wherein the information layer is a phase 
change material, said adhesive forming a solid bound 
ary between said ?rst and second substrates. 

17. An optical disc comprising: 
?rst and second substrates of a thickness of about 0.6 mm, 

an adhesive substance of at most 0.2 mm thick inter 
posed between said ?rst and second substrates, said 
adhesive forming a solid boundary between said ?rst 
and second substrates, at least one of said ?rst and 
second substrates consisting essentially of a layer 
having a tracked surface and having an information 
layer on one side thereof said one side of said substrate 
having said information layer facing said other 
substrate, wherein the information layer is a phase 
change material. 

18. An optical disc comprising: 
a ?rst substrate of a thickness of about 0.6 mm consisting 

essentially of a layer having an indented surface and an 
information layer on one side thereof 

a second substrate of a thickness of about 0.6 mm 
consisting essentially of a layer having an indented 
surface and an information layer on one side thereof 
said second substrate being adhered to said ?rst sub 
strate with adhesive substance of at most 0.2 mm thick 
in a manner that the information layer of said second 
substrate is faced to the information layer of said ?rst 
substrate, wherein the information layer is a phase 
change material, said adhesive forming a solid bound 
ary between said ?rst and second substrates. 

19. An optical disc comprising: 
?rst and second substrates of a thickness of about 0.6 mm, 

an adhesive substance of at most 0.2 mm thick inter 
posed between said ?rst and second substrates, said 
adhesive forming a solid boundary between said ?rst 
and second substrates, at least one of said ?rst and 
second substrates consisting essentially of a layer 
having an indented surface and having an information 
layer on one side thereof said one side of said substrate 
having said information layer facing said other 
substrate, wherein the information layer is a phase 
change material. 


