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OPTICAL STORAGE MEDIUM 

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

BACKGROUND OF THE INVENTION 

The present invention relates to an optical storage medium. 
Particularly, this invention relates to an optical storage 
medium having an information-visible Zone indicating addi 
tional medium-related information. 

Compact discs (CD) and digital versatile discs (DVD) are 
popular optical storage media. 

Single-substrate-type optical storage media such as CDs 
have an information-visible Zone on a label layer indicating 
additional medium-related information on the medium sur 
face opposite to the signal-reproducing surface, by silk screen 
printing or offset printing. 

In contrast, dual-substrate-type optical storage media such 
as DVDs do not have a space for such a label layer due to their 
disk diameter of 120 mm, center-hole diameter of 15 mm and 
inner storage-Zone diameter of 46 mm, like CDs, thus, record 
ing additional medium-related information being impossible. 

In order to overcome such a problem, Japanese Unexam 
ined-Patent Publication No. 10-143924 (1998) discloses 
“OPTICAL INFORMATION RECORDING MEDIUM”. 
The recording medium has two transparent disk substrates, 
formed on each substrate is a recording layer. The substrates 
are stuck to each other so that the recording layers face each 
other. Visibly printed on the disk surface, on which a laser 
beam is to be incident for reproduction, is a light-absorptive 
discoloring material, in accordance with the recorded con 
tents. 

Such printing is feasible for ROM- and dual-substrate-type 
DVDs because the recorded contents will not be changed. 
On the contrary, RAM-type DVDs require rewritable infor 

mation visibly formed thereon, related to the recorded con 
tents, because users are allowed to rewrite the recorded con 
tents. 

SUMMARY OF THE INVENTION 

An object of the present invention to provide an optical 
storage medium having a visible and rewritable information 
layer. 

The present invention provides an optical disk comprising: 
a ?rst substrate having a recording layer thereon, information 
to be recorded on the recording layer being reproducible with 
irradiation of a laser beam; a re?ective layer formed on the 
recording layer; a second transparent substrate, the laser 
beam being incident to the second substrate in reproduction; 
and a bonding layer provided between the ?rst and the second 
substrates, the substrates being bonded to each other by the 
bonding layer via the re?ective layer, the bonding layer 
including ultraviolet-hardened resin and at least one type of 
photochromic dye, the photochromic dye being stable against 
the laser beam. 

Moreover, the present invention provides an optical disk 
comprising: a transparent substrate having a recording layer 
thereon, information to be recorded on the recording layer 
being reproducible with irradiation of a laser beam; a re?ec 
tive layer formed on the recording layer, and a hardcoat layer 
formed on a surface of the substrate opposite to another 
surface thereof having the recording layer thereon, the laser 
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2 
beam being incident to the hardcoat layer in reproduction, the 
hardcoat layer including ultraviolet-hardened resin and at 
least one type of photochromic dye, the photochromic dye 
being stable against the laser beam. 

Furthermore, the present invention provides an optical disk 
comprising: a ?rst substrate having a recording layer thereon, 
information to be recorded on the recording layer being 
reproducible with irradiation of a laser beam; a re?ective 
layer formed on the recording layer; and a second transparent 
substrate, the laser beam being incident to the second sub 
strate in reproduction; a bonding layer provided between the 
?rst and the second substrates, the substrates being bonded to 
each other by the bonding layer via the re?ective layer; and a 
hardcoat layer formed on the second substrate at a surface 
thereof through which the laserbeam is incident to the second 
substrate in reproduction, the hardcoat layer including ultra 
violet-hardened resin and at least one type of photochromic 
dye, the photochromic dye being stable against the laser 
beam. 

Still furthermore, the present invention provides an optical 
disk comprising: a ?rst transparent substrate having a ?rst 
recording layer thereon, information to be recorded on the 
?rst recording layer being reproducible with irradiation of a 
?rst laser beam; a ?rst re?ective layer formed on the ?rst 
recording layer; a second transparent substrate having a sec 
ond recording layer thereon, information to be recorded on 
the second recording layer being reproducible with irradia 
tion of a second laser beam; a second re?ective layer formed 
on the second recording layer; a bonding layer provided 
between the ?rst and the second substrates, the substrates 
being bonded to each other by the bonding layer via the ?rst 
and the second re?ective layers; a ?rst hardcoat layer formed 
on the ?rst substrate at a surface thereof through which the 
?rst laser beam is incident to the ?rst substrate in reproduc 
tion, the ?rst hardcoat layer including ultraviolet-hardened 
resin and at least one type of photochromic dye, the photo 
chromic dye being stable against the ?rst laser beam; and a 
second hardcoat layer formed on the second substrate at a 
surface thereof through which the second laser beam is inci 
dent to the second substrate in reproduction, the second hard 
coat layer including ultraviolet-hardened resin and at least 
one type of photochromic dye, the photochromic dye being 
stable against the second laser beam. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates a cross section of a ?rst embodiment of 
optical storage medium according to the present invention; 

FIGS. 2A to 2F illustrate a ?rst exemplary procedure of 
multi-color displaying on an optical storage medium accord 
ing to the present invention; 

FIGS. 3A to 3F illustrate a second exemplary procedure of 
multi-color displaying on an optical storage medium accord 
ing to the present invention; 

FIG. 4 illustrates a laser-beam exposure (writing) system 
used for an optical storage medium according to the present 
invention; 

FIG. 5 illustrates a cross section of a second embodiment of 
optical storage medium according to the present invention; 

FIG. 6 illustrates a cross section of a third embodiment of 
optical storage medium according to the present invention; 

FIG. 7 illustrates a cross section of a fourth embodiment of 
optical storage medium according to the present invention; 

FIG. 8 illustrates a cross section of a ?fth embodiment of 
optical storage medium according to the present invention; 

FIG. 9 illustrates a cross section of a sixth embodiment of 
optical storage medium according to the present invention; 
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FIG. 10 illustrates a cross section of a seventh embodiment 

of optical storage medium according to the present invention; 
FIG. 11 illustrates a cross section of an eighth embodiment 

of optical storage medium according to the present invention; 
FIG. 12 illustrates a cross section of a ninth embodiment of 

optical storage medium according to the present invention; 
FIG. 13 illustrates a cross section of a tenth embodiment of 

optical storage medium according to the present invention; 
FIG. 14 illustrates a cross section of an eleventh embodi 

ment of optical storage medium according to the present 
invention; 

FIG. 15 illustrates a cross section of a tWelfth embodiment 

of optical storage medium according to the present invention; 
FIG. 16 illustrates a DVD With additional information 

recorded on a dye-contained layer according to the present 
invention and visibly displayed on the DVD; 

FIG. 17 illustrates a CD With a photo recorded on the 
dye-contained layer according to the present invention and 
visibly displayed on the CD; and 

FIG. 18 illustrates a DVD With additional information 
recorded, by a user, on the dye-contained layer according to 
the present invention and visibly displayed on the DVD. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Several embodiments according to the present invention 
Will be disclosed With reference to the attached draWings. 

[First Embodiment] 
Illustrated in FIG. 1 is a cross section of a ?rst embodiment 

of optical storage medium according to the present invention. 
An optical storage medium 10 shoWn in FIG. 1 is a single 

layer DVD-type optical storage medium. 
A transparent base substrate 4 is made of polycarbonate 

resin having 0.6 mm in thickness and 120 mm in diameter. 
The base substrate 4 may not be transparent. Formed on the 
substrate 4 is a recording layer 4a, information recorded 
thereon being optically reproducible. Formed on the record 
ing layer 4a is a re?ective layer 3 made of 70-nm-thick alu 
minum. 

Provided on the re?ective layer 3 is a 40-um-thick dye 
contained bonding layer 2. Bonded on the bonding layer 2 is 
a transparent substrate 1 having 0.6 mm in thickness and 120 
mm in diameter. 

Formed on the base substrate 4 but opposite to the re?ective 
layer 3 is a ZO-um-thick label layer 5. In detail, the label layer 
5 is formed by screen printing With dye (pigment)-contained 
ultraviolet-hardened resin. Recorded on the label layer 5 is 
information related to the contents recorded on the optical 
storage medium 10. 
The dye-contained bonding layer 2 Will be disclosed in 

detail. 
Photochromic dyes are added to liquid-state ultraviolet 

hardened resin. The dye-added ultraviolet-hardened resin is 
then heated. The heated resin is applied over the transparent 
substrate 1. The re?ective layer formed on the base substrate 
4 is placed on the resin. The substrates are being spun While 
forming the bonding layer 2 Which is then hardened With 
irradiation of ultraviolet rays. 
Used as ultraviolet-hardened resin is XR98 (made by 

Sumitomo Chemical Co. Ltd.) Which is epoxyacrylate resin. 
Acrylate resin is feasible as ultraviolet-hardened resin for its 
high strength and adhesiveness. In addition to epoxyacrylate, 
urethane acrylate or their compound can be used as ultravio 
let-hardened resin. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
The photochromic dyes are added to the ultraviolet-hard 

ened resin at 1% by Weight for red-color emission and also at 
1% by Weight for blue-color emission. 
A photochromic dye is colored When exposed to light of a 

speci?c Wavelength (such as, ultraviolet rays) Whereas it 
becomes colorless When exposed to light (such as, White 
light) of another speci?c Wavelength at Which the color is 
absorbed. 
A photochromic dye feasible in this invention is stable, or 

does not suffer color absorption against laser Wavelength in 
reproduction (780 nm for CDs, 650 nm for DVDs and 405 nm 
for next-generation optical media). In other Words, a laser 
beam can reproduce information from an optical medium 
With no re?ection and refraction even When such a photochro 
mic dye is being colored. 
The photochromic dye used for red color in this invention 

is cis- l ,2-dicyano-l ,2-bis(2,4, 5-trimethyl-3 -thienyl) ethene. 
That for blue color is l,2-bis(5 -phenyl-2-methylthiophene-3 
yl)per?uorocyclopentene. 

Such a photochromic dye can be selected from spiroox 
aZines, spiropyrans, fulgides, and diaryl ethene. One require 
ment for the photochromic dye in this invention is that it Will 
not absorb a laser beam When colored. 
The folloWing are feasible dyes among spirooxaZine- and 

spiropyran-types: 
6-bromo- l',3'-dihydro-l‘,3',3'-trimethyl-8-nitrospiro[2H 

l-benZopyran-2,2'-(2H)-indole]; 
5 -chloro- l ,3-dihydro- l ,3,3-trimethylspiro [2H-indole-2, 

3'-[3H]naphtho[2, l -b] [l ,4]oxaZine]; 
5 -chloro- l ,3-dihydro- l ,3,3-trimethylspiro [2H-indole-2, 

3'-[3H]naphtho[9, l0-b] [l ,4]oxazine]; 
6,8-dibromo-l',3'-dihydro-l',3',3'-trimethylspiro[2H-l - 

benZopyran-2,2'-(2H)-indole]; 
l',3'-dihydro- l ',3',3'-trimethyl-6-nitrospiro[2H-l -ben 

Zopyran-2,2'-(2H)-indole]; 
l',3'-dihydro-5'-methoxy- l ',3',3'-trimethyl-6-nitro spiro 

[2H- 1 -benZopyran-2,2'-(2H)-indole]; 
l',3'-dihydro-8-methoxy- l ',3',3'-trimethyl-6-nitro spiro 

[2H- 1 -benZopyran-2,2'-(2H)-indole]; 
1,3-dihydro-l ,3,3-trimethylspiro[2H-indole-2,3'-[3H] 

naphtho [2, l -b] [ l ,4]oxaZine]; 
1,3-dihydro-l ,3,3-trimethylspiro[2H-indole-2,3'-[3H] 

phenanthro[9, l O-b] [l ,4] oxaZine]; 
1,3-dihydro-l ,3,3-trimethylspiro[2H-indole-2,3'-[3H] 

naptho [2, l -b]pyran] ; and 
1,3-dihydro-5-methoxy- l ,3,3-trimethylspiro[2H-indole 

2,3'-[3H]naphtho[2, l -b]pyran. 
Dyes in fulgide type feasible in this invention are 2,5 

dimethyl-3 -furylethylidene succinic anhydride, and 2,5 -dim 
ethyl-3-furylisopropylidene succinic anhydride. 

Moreover, dyes in diaryl ethene type feasible in this inven 
tion are 2,3-bis(2,4,5-trimethyl-3-thienyl)maleic anhydride, 
2,3-bis(2,4,5-trimethyl-3-thienyl)maleimide, and cis-l ,2-di 
cyano-l ,2-bis(2,4, 5-trimethyl-3 -thienyl)ethene. 

Disclosed next is a method of displaying (recording) infor 
mation on a dye-contained layer (the dye-contained bonding 
layer 2). The method is also feasible for dye-contained hard 
coat layers and dye-contained substrates. 

Illustrated in FIGS. 2A to 2F is a ?rst exemplary procedure 
of multi-color displaying on an optical storage medium 
according to the present invention. Illustrated in FIGS. 3A to 
3F is a second exemplary procedure of multi-color displaying 
on an optical storage medium according to the present inven 
tion. 

Disclosed ?rst With reference to FIGS. 2A to 2F is record 
ing graphic and/or character information on a dye-contained 



US RE42,343 E 
5 

layer With masks (a ?rst method of graphic-/ character-pattern 
formation or multi-color displaying). 

Firstly, as shoWn in FIG. 2A, a dye-contained layer 122 
having a certain thickness is formed on a substrate 121, by 
spin coating. The dye-contained layer 122 is made of ultra 
violet-hardened resin containing tWo types of photochromic 
dyes Which Will be colored in blue and red, respectively, like 
the dye-contained bonding layer 2, explained above. 

The dye-contained layer 122 is then exposed to ultraviolet 
rays (UV light) 123 over the surface for 10 seconds to 60 
seconds, as shoWn in FIG. 2B. The layer 122 is thus hardened 
to become a colored dye-contained layer 122A. Red and blue 
dyes contained in the layer 122A are both colored, thus the 
layer 122A is colored in purple. 

The UV light 123 is emitted from a light source (ENF 
26OC/ J , made by Spectonics Co.) for emitting black light of 
365-nm Wavelength. 
A mask 127 is placed over the purple-colored dye-con 

tained layer 122A, as shoWn in FIG. 2C. It is patterned to have 
light-through openings 127A only over Zones 122AR to be 
colored in red on the layer 122A. In other Words, the mask 
pattern corresponds to a graphic or character pattern to be 
displayed in red on the layer 122A. 

The purple-colored dye-contained layer 122A is then 
exposed to a laser beam 124 through the mask 127, at a 
blue-absorbing Wavelength (kmax). The Zones 122AR of the 
layer 122A are exposed to the laser beam 124 through the 
openings 127A, With blue dyes on the Zones 122AR becom 
ing colorless Whereas red dyes on the same Zones being 
colored unchanged, thus the Zones 122AR being turned into 
red-colored dye-contained layers. 

The mask 127 is replaced With a mask 128 over the dye 
contained layer 122A, as shoWn in FIG. 2D. The mask 128 is 
patterned to have light-through openings 128A only over 
Zones 122AB to be colored in blue on the layer 122A. In other 
Words, the mask pattern corresponds to a graphic or character 
pattern to be displayed in blue on the layer 122A. 

The dye-contained layer 122A is then exposed to a laser 
beam 128 through the mask 128, at a red-absorbing Wave 
length (kmax). The Zones 122AB of the layer 122A are 
exposed to the laser beam 125 through the openings 128A, 
With red dyes on the Zones 122AB becoming colorless 
Whereas blue dyes on the same Zones being colored 
unchanged, thus the Zones 122AB being turned into blue 
colored dye-contained layers. 

The mask 128 is replaced With a mask 129 over the dye 
contained layer 122A, as shoWn in FIG. 2E, to make colorless 
or transparent (quasi-White) the purple-colored Zones of the 
layer 122A, according to need. The mask 129 is patterned to 
have light-through openings 129A only over Zones 122AW to 
be colorless on the layer 122A. 

The dye-contained layer 122A is then exposed to a White 
light 126 through the mask 129 for 5 seconds to 20 seconds. 
The Zones 122AW of the layer 122A are exposed to the White 
light beam 126 through the openings 129A, With red and blue 
dyes on the Zones 122AW becoming colorless, thus the Zones 
122AW being turned into transparent dye-contained layers. 
The White light 126 is emitted from MEGALIGHT (made 

by Hoya Co., Ltd.) 
The mask 129 is removed, as shoWn in FIG. 2F, thus a disk 

130 being produced, having the dye-contained layer 122A 
With a graphic or a character pattern of red, blue and trans 
parent, corresponding to an additional information to be dis 
played (recorded) on an optical storage medium having the 
disk 130. 

Disclosed next With respect to FIGS. 3A to 3F is recording 
graphic and/or character information on a dye-contained 
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6 
layer With ?lters and masks (a second method of graphic-/ 
character-pattern formation or multi-color displaying). 

Elements shoWn in FIGS. 3A to 3F that are identical or 
analogous to elements shoWn in FIGS. 2A to 2F are refer 
enced by the same reference numerals and Will not be 
explained in detail. 
As shoWn in FIG. 3A, a dye-contained layer 122 having a 

certain thickness is formed on a substrate 121, by spin coat 
ing. 
The dye-contained layer 122 is then exposed to ultraviolet 

rays (UV light) 123 over the surface, as shoWn in FIG. 3B. 
The layer 122 is hardened to become a colored dye-contained 
layer 122A. Red and blue dyes contained in the layer 122A 
are both colored, thus the layer 122A is colored in purple. 
A mask 127 and also a ?lter 131 are placed over the purple 

colored dye-contained layer 122A, as shoWn in FIG. 3C. The 
?lter 131 alloWs light (red light) only to pass therethrough 
having a Wavelength (kmax) at Which the blue dye becomes 
colorless. The mask 127 is patterned to have light-through 
openings 127A only over Zones 122AR to be colored in red on 
the layer 122A, the mask pattern corresponding to a graphic 
or a characterpattern to be displayed in red on the layer 122A, 
like shoWn in FIG. 2C. 
The dye-contained layer 122A is then exposed to a White 

light 126 through the ?lter 131 and the mask 127. The layer 
122A is exposed to the White light beam 126 through the 
openings 127A, With the blue dye on the Zones 122AR 
becoming colorless Whereas the red dye on the same Zones 
being colored unchanged, thus the Zones 122AR being turned 
into red-colored dye-contained layers. 
The ?lter 131 and the mask 127 are replaced With a ?lter 

132 and a mask 128, respectively, over the dye-contained 
layer 122A, as shoWn in FIG. 3D. The ?lter 132 alloWs light 
(yelloW-green light) only to pass therethrough having a Wave 
length (kmax) at Which the red dye becomes colorless. The 
mask 128 is patterned to have light-through openings 128A 
only over Zones 122AB to be colored in blue on the layer 
122A, the mask pattern corresponding to a graphic or a char 
acter pattern to be displayed in blue on the layer 122A. 
The dye-contained layer 122A is then exposed to the White 

light 126 again through the ?lter 132 and the mask 128. The 
layer 122A is exposed to the White light beam 126 through the 
openings 128A. In other Words, the White light 126 is con 
verted into a yelloW-green light through ?lter 132 and the 
openings 128A to reach the layer 122A, the red dye on the 
Zones 122AB becoming colorless Whereas the blue dye on the 
same Zones being colored unchanged, thus the Zones 122AB 
being turned into blue-colored dye-contained layers. 
The ?lter 132 and the mask 128 are removed and a mask 

129 is placed instead, as shoWn in FIG. 3E, to make colorless 
or transparent (quasi-White) the purple-colored Zones of the 
layer 122A, according to need. The mask 129 is patterned to 
have light-through openings 129A only over Zones 122AW to 
be colorless on the layer 122A. 
The dye-contained layer 122A is then exposed to the White 

light 126 again through the mask 129. The Zones 122AW of 
the layer 122A are exposed to the White light beam 126 
through the openings 129A, With red and blue dyes on the 
Zones 122AW becoming colorless, thus the Zones 122AW 
being turned into transparent dye-contained layers. 
The mask 129 is removed, as shoWn in FIG. 3F, thus a disk 

130 being produced, having the dye-contained layer 122A 
With a graphic or a character pattern of red, blue and trans 
parent, corresponding to a certain information to be displayed 
(recorded) on an optical storage medium having the disk 130. 
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Disclosed next With respect to FIG. 4 is a laser-beam expo 
sure (Writing) system for directly radiating a laser beam hav 
ing a certain Wavelength to a dye-contained layer. 
A laser-beam exposure system 150 is equipped With a 

semiconductor laser 141, a collimator lens 142, an aperture 
143, a movable mirror 144, and an exposure lens 145. The 
optical components 142 to 145 are arranged in order along a 
light path of a laser beam to be emitted from the semiconduc 
tor laser 141. 
An optical storage medium 146 is set on a stage (not 

shoWn) under the exposure lens 145. Formed on the storage 
medium 146 is a dye-contained layer 147 made of ultraviolet 
hardened resin containing photochromic dyes, disclosed 
above. 

In operation, a laser beam having a certain Wavelength is 
emitted from the semiconductor laser 141. The emitted laser 
beam is converted into a parallel beam through the collimator 
lens 142. 

The parallel beam is adjusted as having a certain beam 
diameter by the aperture 143 and then incident to the movable 
mirror 144. 

The movable mirror 144 is movable along the axis perpen 
dicular to its plane (surface) against the incident laser beam to 
change the direction of a re?ected beam, like tWo-dimen 
sional a fan beam, under control by a control signal supplied 
from a controller (not shoWn). 

The tWo-dimensional laser beam re?ected at the movable 
mirror 144 is refracted by the exposure lens 145 and perpen 
dicularly incident to the dye-contained layer 147. The stage 
(not shoWn) is movable in the directions perpendicular to the 
plane of FIG. 4. 

The laser beam is modulated by intensity modulation in 
accordance With pixels of a graphic or a character image to be 
displayed (recorded) on the dye-contained layer 147. The 
movable mirror 144 and the stage (not shoWn) are adjusted in 
angle and location, respectively, in accordance With the pixel 
arrangements. 

The dye-contained layer 147 is then exposed to the modu 
lated laser beam under the mirror/ stage adjustments, thus the 
layer 147 being colored. 

The colored dye-contained layer 147 becomes colorless 
When exposed to White light. Partial discoloring is achieved 
With a laser beam having a discoloring Wavelength radiated 
onto the Zones to be partially discolored on the colored dye 
contained layer 147. Thus, information displayed (recorded) 
on the dye-contained layer is reWritable. 

[Second Embodiment] 
Illustrated in FIG. 5 is a cross section of a second embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 20 shoWn in FIG. 5 is a dual 

layer DVD-type optical storage medium. 
A transparent substrate 11 and a transparent base substrate 

14 are made of polycarbonate resin, both having 0.6 mm in 
thickness and 120 mm in diameter. The base substrate 14 may 
not be transparent. Formed on the substrates 11 and 14 are 
recording layers 11a and 14a, respectively, information 
recorded thereon being optically reproducible. 

Formed on the recording layer 11a is a semi-transparent 
re?ective layer 16 made of gold or silicon having thickness in 
the range from 5 nm to 10 nm. Formed on the recording layer 
14a is a re?ective layer 13 made of 70-nm-thick aluminum. 
The transparent substrate 11 and the base substrate 14 are 

bonded each other via a 40-um-thick dye-contained bonding 
layer 12 so that the semi-transparent re?ective layer 16 and 
the re?ective layer 13 face each other. 
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Formed on the base substrate 14 but opposite to the record 

ing layer 14a is a label layer 15, like the label layer 5 disclosed 
in the ?rst embodiment. 
The dye-contained bonding layer 12 is formed in the same 

Way as the counterpart 2 in the ?rst embodiment. 
A visible information pattern can be displayed (recorded) 

on the dye-contained bonding layer 12 With irradiation of a 
colored beam 18' incident to the transparent substrate 11, in 
accordance With the ?rst or the second method of graphic-/ 
character-pattern formation or multi-color displaying, dis 
closed in the ?rst embodiment. 
The visible information pattern can be erased With irradia 

tion of a discoloring light 18 having a Wavelength (kmax) at 
Which the colored dye becomes colorless. Another informa 
tion pattern can be displayed after erasure. 
A laser beam 19 is radiated on the optical storage medium 

20 When reproducing information recorded on the recording 
layers 11a and 14a, Which is not affected by the dye-contained 
bonding layer 12 When passing therethrough. 

[Third Embodiment] 
Illustrated in FIG. 6 is a cross section of a third embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 30 shoWn in FIG. 6 is a single 

layer CD-type optical storage medium. 
A transparent substrate 21 is made of polycarbonate resin, 

having 1.2 mm in thickness and 120 mm in diameter. Formed 
on the substrate 21 is a recording layer 21a, information 
recorded thereon being optically reproducible. 
Formed on the recording layer 21a is a re?ective layer 23 

made of 70-nm-thick aluminum. Provided on the re?ective 
layer 23 is a IO-um-thick protective layer 26 made of epoxy 
acrylate resin Which is ultraviolet-hardened resin. 
Formed on the protective layer 26 is a 20-um-thick label 

layer 25. In detail, the label layer 25 is formed by screen 
printing With pigment (dye)-contained ultraviolet-hardened 
resin. Recorded on the label layer 25 is information related to 
the contents recorded on the optical storage medium 30. 
Formed on the substrate 21 but opposite to the recording 

layer 21a is a 20-um-thick hardcoat layer 27. In detail, pho 
tochromic dyes are added to ultraviolet-hardened resin. The 
resin is heated to melt the photochromic dyes. The dye 
melted resin is applied, by spin coating, onto the substrate 21 
but opposite to the recording layer 21a. The coated resin is 
exposed to ultraviolet rays to be hardened to become the 
hardcoat layer 27. 
The ultraviolet-hardened resin is XR98 (made by Sumi 

tomo Chemical Co. Ltd.) Which is epoxyacrylate resin. 
The photochromic dyes added to the ultraviolet-hardened 

resin are at 1% by Weight for red-color emission and also at 
1% by Weight for blue-color emission. 
The photochromic dye used for red color is cis-1,2-dicy 

ano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethene. That for blue 
color is 1,2-bis(5-phenyl-2-methylthiophene-3-yl)per?uoro 
cyclopentene. 
A graphic or a character information pattern of blue, red, 

colorless and purple can be displayed on the dye-contained 
hardcoat layer 27 With irradiation of a colored beam 28', in 
accordance With the ?rst or the second method of graphic-/ 
character-pattern formation or multi-color displaying, dis 
closed in the ?rst embodiment. 

Red, blue or purple graphic or character information pat 
tern can be discolored With irradiation of light (discoloring 
light 28) having a Wavelength at Which the corresponding 
colored photochromic dye is colorless, thus information rep 
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resented by the graphic or character information pattern being 
reWritable. White light discolors all of the red, blue and purple 
patterns. 
A laser beam 29 is radiated on the optical storage medium 

30 When reproducing information recorded on the recording 
layer 21a, Which is not affected by the dye-contained hardcoat 
layer 27 When passing therethrough. 

[Fourth Embodiment] 
Illustrated in FIG. 7 is a cross section of a fourth embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 40 shoWn in FIG. 7 is a single 

layer DVD-type optical storage medium. 
A transparent base substrate 34 is made of polycarbonate 

resin, having 0.6 mm in thickness and 120 mm in diameter. 
The base substrate 34 may not be transparent. Formed on the 
substrate 34 is a recording layer 34a, information recorded 
thereon being optically reproducible. 

Formed on the recording layer 34a is a re?ective layer 33 
made of 70-nm-thick aluminum. 

Bonded on the substrate 34 via the re?ective layer 33 With 
a 40-um-thick bonding layer 32 is a transparent substrate 31 
made of polycarbonate resin having 0.6 mm in thickness and 
120 mm in diameter. 
Formed on the substrate 33 but opposite to the protective 

layer 33 is a 20-um-thick label layer 35. In detail, the label 
layer 35 is formed by screen printing With pigment (dye) 
contained ultraviolet-hardened resin. Recorded on the label 
layer 35 is information related to the contents recorded on the 
optical storage medium 40. 
Used as the bonding layer 32, ultraviolet-hardened resin, is 

XR98 (made by Sumitomo Chemical Co. Ltd.) Which is 
epoxyacrylate resin. In detail, the epoxyacrylate resin XR98 
is applied over the substrate 31. The substrate 34 is placed on 
the substrate 31 via the re?ective layer 33. The stacked sub 
strates are spun and then exposed to ultraviolet rays to harden 
the epoxyacrylate resin to form the bonding layer 32. 

Formed on the substrate 31 but opposite to the bonding 
layer 32 is a dye-contained hardcoat layer 37, in the same Way 
as the counterpart 27 in the third embodiment. 
A desired graphic or character pattern can be displayed 

(recorded) on the dye-contained hardcoat layer 37, as reWrit 
able, While information recorded on the recording layer 34a is 
reproducible. 

[Fifth Embodiment] 
Illustrated in FIG. 8 is a cross section of a ?fth embodiment 

of optical storage medium according to the present invention. 
An optical storage medium 50 shoWn in FIG. 8 is a dual 

layer DVD-type optical storage medium, like the second 
embodiment. 
A transparent substrate 41 and a transparent base substrate 

44 are made of polycarbonate resin, both having 0.6 min 
thickness and 120 mm in diameter. The base substrate 44 may 
not be transparent. Formed on the substrates 41 and 44 are 
recording layers 41a and 44a, respectively, information 
recorded thereon being optically reproducible. 

Formed on the recording layer 41a is a semi-transparent 
re?ective layer 46 made of gold or silicon having thickness in 
the range from 5 nm to 10 nm. Formed on the recording layer 
44a is a re?ective layer 43 made of 70-nm-thick aluminum. 

The transparent substrate 41 and the base substrate 44 are 
bonded each other via a 40-um-thick bonding layer 42 so that 
the semi-transparent re?ective layer 46 and the re?ective 
layer 43 face each other. 
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Formed on the transparent substrate 41 but opposite to the 

semi-transparent re?ective layer 46 is a dye-contained hard 
coat layer 47, in the same as the counterpart 27 in the third 
embodiment. 
A desired graphic or character pattern can be displayed on 

the dye-contained hardcoat layer 47, as reWritable, With a 
discoloring light 48 and a coloring light 48', While informa 
tion recorded on the recording layer 44a is reproducible With 
a laser beam 49. 

[Sixth Embodiment] 
Illustrated in FIG. 9 is a cross section of a sixth embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 60 shoWn in FIG. 9 is a dual 

layer optical disk Writable on both sides, like, DVD-RW. 
Transparent substrates 51 and 51a are made of polycarbon 

ate resin, both having 0.6 mm in thickness and 120 mm in 
diameter. Formed on the substrates 51 and 51a are phase 
change recording layers 54 and 54a, respectively, both made 
of an AgInSbTe compound having about 50 nm in thickness. 
Formed on the phase-change recording layers 54 and 54a 

are re?ective layers 53 and 53a, respectively, both made of 
70-nm-thick aluminum. 
Formed on the substrate 51 but opposite to the phase 

change recording layer 54 is a dye-contained hardcoat layer 
57. Moreover, formed on the substrate 51a but opposite to the 
phase-change recording layer 54a is a dye-contained hardcoat 
layer 57a. 
The dye-contained hardcoat layers 57 and 57a are formed 

in the same Way as the counterpart 27 in the third embodi 
ment. 

The substrates 51 and 51a are bonded each other via a 
bonding layer 52 so that the re?ective layers 53 and 53a face 
each other. The bonding layer 52 is made of a 40-um-thick 
sheet thermal-hardened acrylic adhesive. 

Graphic or character information patterns of blue, red, 
colorless and purple, related to information stored on the 
phase-change recording layers 54 and 54a, respectively, can 
be displayed on the dye-contained hardcoat layers 57 and 57a 
With irradiation of colored beams 58' and 58'a, like the third 
embodiment. 

Red, blue or purple graphic or character information pat 
tern can be discolored With irradiation of light (discoloring 
light 58 and 58a) having a Wavelength at Which the corre 
sponding colored photochromic dye is colorless, thus infor 
mation represented by the graphic or character information 
pattern being reWritable. White light discolors all of the red, 
blue and purple patterns. 

Laser beams 59 and 59a are radiated on the optical storage 
medium 60 When reproducing information recorded on the 
phase-change recording layers 54 and 54a, respectively, 
Which are not affected by the dye-contained hardcoat layers 
57 and 57a, respectively, When passing therethrough. 

[Seventh Embodiment] 
Illustrated in FIG. 10 is a cross section of a seventh embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 70 shoWn in FIG. 10 is a single 

layer CD-type optical storage medium, like the third embodi 
ment. HoWever, different from the third embodiment, the 
optical storage medium 70 is equipped With a dye-contained 
transparent substrate 61 made of polycarbonate resin having 
1.2 mm in thickness and 120 mm in diameter. 
The dye-contained substrate 61 is produced, by injection 

molding, from a polycarbonate-resin pellet. Photochromic 
dyes of 1% by Weight are added to polycarbonate resin Which 
is then kneaded to be the pellet. 
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A photochromic dye used for red color is cis-l,2-dicyano 
l,2-bis(2,4,5-trimethyl-3 -thienyl)ethene. That for blue color 
is l,2-bis(5-phenyl-2-methylthiophene-3-yl)per?uorocyclo 
pentene. 

Formed on the dye-contained substrate 61 is a recording 
layer 61a, information recorded thereon being optically 
reproducible. 

Formed on the recording layer 61a is a re?ective layer 63 
made of 70-nm-thick aluminum. Formed on the re?ective 
layer 63 is a IO-um-thick protective layer 26 made of epoxy 
acrylate resin Which is ultraviolet-hardened resin. 
Formed on the protective layer 66 is a 20-um-thick label 

layer 65. In detail, the label layer 65 is formed by screen 
printing With pigment (dye)-contained ultraviolet-hardened 
resin. Recorded on the label layer 65 is information related to 
the contents recorded on the optical storage medium 70. 
A graphic or a character information pattern of blue, red, 

colorless and purple can be displayed on the dye-contained 
substrate 61 With irradiation of a colored beam 68', in accor 
dance With the ?rst or the second method of graphic-/charac 
ter-pattern formation or multi-color displaying, disclosed in 
the ?rst embodiment. 

Red, blue or purple graphic or character information pat 
tern can be discolored With irradiation of light (discoloring 
light 68) having a Wavelength at Which the corresponding 
colored photochromic dye is colorless, thus information rep 
resented by the graphic or character information patternbeing 
reWritable. White light discolors all of the red, blue and purple 
patterns. 
A laser beam 69 is radiated on the optical storage medium 

70 When reproducing information recorded on the recording 
layer 61a, Which is not affected by the dye-contained sub 
strate 61 When passing therethrough. 

[Eighth Embodiment] 
Illustrated in FIG. 11 is a cross section of an eighth embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 80 shoWn in FIG. 11 is a single 

layer DVD-type optical storage medium, like the ?rst 
embodiment. HoWever, different from the ?rst embodiment, 
the optical storage medium 80 is equipped With a dye-con 
tained substrate 71 made of polycarbonate resin having 0.6 
mm in thickness and 120 mm in diameter. 

The dye-contained substrate 71 is a transparent substrate 
containing blue and red photochromic dyes, like the counter 
part 61 in the seventh embodiment. 

The optical storage medium 80 is also equipped With a 
transparent base substrate 74 made of polycarbonate resin 
having 0.6 mm in thickness and 120 mm in diameter. Formed 
on the substrate 74 is a recording layer 74a, information 
recorded thereon being optically reproducible. Formed on the 
recording layer 74a is a re?ective layer 73 made of 70-nm 
thick aluminum. 

The dye-contained substrate 71 and the base substrate 74 
are bonded each other via the re?ective layer 73 With a trans 
parent bonding layer 72. 

Formed on the base substrate 74 but opposite to the record 
ing layer 74a is a 20-um-thick label layer 75. In detail, the 
label layer 75 is formed by screen printing With pigment 
(dye)-contained ultraviolet-hardened resin. Recorded on the 
label layer 75 is information related to the contents recorded 
on the optical storage medium 80. 
A graphic or a character information pattern of blue, red, 

colorless and purple can be displayed on the dye-contained 
substrate 71 With irradiation of a colored beam 78', in accor 
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dance With the ?rst or the second method of graphic-/charac 
ter-pattern formation or multi-color displaying, disclosed in 
the ?rst embodiment. 

Red, blue or purple graphic or character information pat 
tern can be discolored With irradiation of light (discoloring 
light 78) having a Wavelength at Which the corresponding 
colored photochromic dye is colorless, thus information rep 
resented by the graphic or character information pattern being 
reWritable. White light discolors all of the red, blue and purple 
patterns. 
A laser beam 79 is radiated on the optical storage medium 

80 When reproducing information recorded on the recording 
layer 74a, Which is not affected by the dye-contained sub 
strate 71 When passing therethrough. 

[Ninth Embodiment] 
Illustrated in FIG. 12 is a cross section of a ninth embodi 

ment of optical storage medium according to the present 
invention. 
An optical storage medium 90 shoWn in FIG. 12 is a dual 

layer DVD-type optical storage medium, like the second 
embodiment. HoWever, different from the second embodi 
ment, the optical storage medium 90 is equipped With a dye 
contained substrate 81 made of polycarbonate resin having 
0.6 mm in thickness and 120 mm in diameter. 
The dye-contained substrate 81 is a transparent substrate 

containing blue and red photochromic dyes, like the counter 
part 61 in the seventh embodiment. Formed on the substrate 
81 is a recording layer 81a, information recorded thereon 
being optically reproducible. Formed on the recording layer 
81a is a semi-transparent re?ective layer 86 made of gold or 
silicon having a thickness in the range from 5 nm to 10 nm. 
The optical storage medium 90 is also equipped With a 

transparent base substrate 84 made of polycarbonate resin, 
having 0.6 mm in thickness and 120 mm in diameter. Formed 
on the substrate 84 is a recording layer 84a, information 
recorded thereon being optically reproducible. Formed on the 
recording layer 84a is a re?ective layer 83 made of 70-nm 
thick aluminum. 
The dye-contained substrate 81 and the base substrate 84 

are bonded each other via a transparent bonding layer 82 so 
that the re?ective layer 83 and the semi-transparent re?ective 
layer 86 face each other. 
Formed on the base substrate 84 but opposite to the record 

ing layer 84a is a 20-um-thick label layer 85. In detail, the 
label layer 85 is formed by screen printing With pigment 
(dye)-contained ultraviolet-hardened resin. Recorded on the 
label layer 85 is information related to the contents recorded 
on the optical storage medium 90. 
A graphic or a character information pattern of blue, red, 

colorless and purple can be displayed on the dye-contained 
substrate 81 With irradiation of a colored beam 88', in accor 
dance With the ?rst or the second method of graphic-/charac 
ter-pattern formation or multi-color displaying, disclosed in 
the ?rst embodiment. 

Red, blue or purple graphic or character information pat 
tern can be discolored With irradiation of light (discoloring 
light 88) having a Wavelength at Which the corresponding 
colored photochromic dye is colorless, thus information rep 
resented by the graphic or character information pattern being 
reWritable. White light discolors all of the red, blue and purple 
paterns. 
A laser beam 89 is radiated on the optical storage medium 

90 When reproducing information recorded on the recording 
layers 81a and 84a, Which is not affected by the dye-contained 
substrate 81 When passing therethrough. 






