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BONDED OPTICAL DISKS AND A METHOD AND AN APPARATUS FOR 

PRODUCING THE SAME 

Field of the Invention 

s The present invention relates to an optical disk and more particularly to a bonded 

optical disk having a structure comprising two substrates bonded to each other. The · 

· present invention also relates to a method and an apparatus for producing such a bonded 

optical disk. 

10 Backsround. of the Invention 

The advance of multimedia in recent years has enabled even image and sound data 

to be processed with digital signals. In general, images and sounds have a large amount of 

infonnation, and, therefore, a high capacity/high density recording medium is required· to 

cope with this. Optical disks, which can also cope with a demanct for a further increase in ' 

15 capacity and a :further increase in density in the fbture, such as DVD (digital versatile disk) 

and CD (compact disk), have attracted attenti~n as the above recording medium. 

20 

The optical disk, in many cases, comprises two transparent substrates bonded to 

each other through an information recording layer. Methods for bonding the two 

substrates are disclosed. for example, in Japanese Unexamined Patent Publication (Kokai) 

Nos. 1-266447,-61-292244, and 63-49424 and "Denshi Zairyo (Electronic Materials)," · 

Vol. 35, No. 6, 46-49, 1996). "Pressure Sensitive Adhesive Double Coated Tape used in 

Bonding ofDVD11 In particular, in the method described in the jouma1 "Denshi Zaieyo," a 

pressure sensitive adhesive double coated tape is applied to one of or both the two 

substrates,. and the two substrates are then intimately contacted with each other, followed · 

25 by press bonding to prepare an optical disk. 

As is reported by "Denshi Zairyo", for the above method using a pressure sensitive 

adhesive double coated tape, vari~ improvements are necessary from the viewpoint Qf 

workability. Specifically, in this method, separation of a release liner and cutting of the 

pressure sensitive adhesive double coated sheet into a desired shape are necessary in 

3 O addition to the application of the pressure sensitive adhesive double coated tape, 

complicating the process, which tends to increase the production cost. Further; this 
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method has a further drawback thai, in the application of the pressure sensitive adhesive 

double coated sh~ the presence of a residual stress creates warpage of the substrate. 

On the other hand, typically, Japanese Unexamined Patent Publication (Kokai) No. 

8-161771 discloses a method not using a pressure· sensitive adhesive double coated sheet. 

5 Specifically, in this method, instead oftisingthe pressure sensitive adhesive double coated · 

sheet, two UV-permeable· substrates are.bonded to each other through an ultraviolet (UV) 

. Curable adhesive precursor formed by roll coating, and UV is applied to the adhesive 

. precursor through the substrate to form a transparent adhesive layer. 

Ainong various conventional optical disks. recently commercialized one are dual 

10 layer type optical disks which are also referred to as "DVD-9". In this type of optical disk, 

two information recording layers,' one of which is of a reflection type and the other a 

semitransparent type, are provided.on substrates through a transparent adhesive layer, 

·permitting recording of information on the infonnation recording layer and reading of the· 

information recorded on the information recording layer to be.performed from one side of 

15 the disk. When this dual layer type optical disk is produced by the method deseribed in 

Japanese Unexamined Patent Publication (Kokai) No. 8-161771 noted above, the adhesive 

layers would be formed by applying UV to the pressure sensitive adhesive· precursor 

through the semitransparent recording layer. Generally, the adhesive layer in such optical 

~is used ·to attain the bonding of the substrates, and therefore the adheSive layer should 

2 o be constructed, for example, so that a laser beam from an optical head is passed through 

the semitransparent recording layer and focused on the underlying reflection type recording 

layer. That is, what is required of the adhesive layer is not only to be homogeneous but 

also to function also as an optical spacer having a given thickness. 

However, as is ·pointed out in Japanese Unexamined Patent Publication (Kokai) No. 

25 8-306077, the adhesive precursor of the optical disk disclosed in Japanese Unexamined 

Patent Publication (Kokai) No. 8-161771 has a problem that unevenness of thickness of the 

adhesive layer is produced in the radial· direction of the optic81 disk. To apply UV to. the 

adhesive precursor through the semi-transparent recording layer, an output ofUV light 

· source has to be increased to a higher level than woUld be needed, in view of abiorption of 

30 UV in the.recording layer. Therefore, there is a possibility that the optic81 disk obtained 

has deteriorated optical properties and yield. 
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In addition to the above problems, as is pointed out in Japanese Unexamined Patent 

Publication (Kokai) No. 9-320129, the adhesive precursor of the above-described type has 

a problem that bubbles can be incorporated into an adhesive layer due to presence of air in 

an atmosphere, when an adhesive precursor is UV~ured to form the a~hesive layer for 

5 bonding the substrates. 

Incorporation of bubbles in the adhesive layer may adversely affect the qualities of 

the resulting optical disks and therefore, as is disclosed in, for example, Japanese 

Unexamined Patent Publication (Kokai) No. 61-292244, it is conceived to bond the 

substrates through an adhesive layer in vacuum or under the environmental conditions of 

10 reduced pressure. In practice, the bonding of the substrates in accordance with the above 

method is effective to prevent air from being captured between the substrates, however, it 

cannot fully solve the above-mentioned problem concerning the incorporation of the 

bubbles. This is because the incorporation of the bubbles in the adhesive layer can be 

caused due.to the adhesive used itself, in addition to the above-described reason, i.e., 

15 atmospheric air. The inventors have found that the adhesive which is generally-used as· a 

liquid adhesive contains a substance capable of being evaporated or vaporized m the 

process of curing of the adhesive, and therefore finely divided bubbles can be formed in· the· 

adhesive layer as a result of the evaporation or vaporization of said substance in the 

vacuum or under the reduced pressure, and also the thus formed bubbles cannot be again 

2 o dissolved and dissipated in the adhesive layer. 

Particularly important problem is caused when such incorporation of bubbles is 

observed in the single side dual layer type optical disks in which a single ~de or surface is 

used for the reproduction purpose. For the dual layer type optical disks, two disk 

. substrates are generally bonded through a transparent adhesive layer, and the adhesive layer 

25 is also used to space the substrates for optically separating two recording layers of said 

substrates, and therefore incorporation of fine and visually uninspectable bubbles in the 

adhesive layer must be fully prevented, however. such prevention of the bubble 

incorporation problem causes another problem concerning production technique. 

Accordingly, it is desired to completely remove the.bubble formation problem due to the · 

30 above-descnoed different reasons from the adhesive layer which is used to bond two disk 

substrates withou~ causing another problem. 
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Summary of the Invention 

.An object of the present invention is to overcome the above problems of the prior 

art and to provide a bonded optical disk which can be effectiveJy and easily produced and at 

5 the same time, possesses an excellent quality . 

.Another object of the present invention is to provide a bonded optical disk having 
. . . . 

an excellent quality, which can prevent incorporation of fine bubbles in the adhesive layer 

bonding the substrates,· said bubbles being produced due to air in the atmosphere or a 

substance, capable of being evaporated or vaporized, in the adhesive. 

10 Another object of the present invention is to provide a method for producing the 

above optical disk of the present invention with a high production efficiency. 

Still another object.ofthe present invention is to provide an apparatus for producing 

the above optical disk of the present invention with a high production efficiency . 

. According to one aspect of the present invention, there is provided a bonded optical 

15 disk comprising: 

20 

a first transparent substrate; 

a second transparent substrate; 

a light-permeable, pressure sensitive adhesive layer for bonding the first substrate to 

the second substrate; and 

at least one information recording layer provided between the first substrate and the 

second substrate and the pressure senSitive adhesive layer. 

wherein the pressure sensitive adhesive layer.has been formed from a pressure 

sensitive adhesive precursor. having a viscosity of 10 to 5000 cps and being applied onto at 

least one of the first substrate and the second substrate, by radiation curing and has a gel 

25 traction of not less than SOOA and a storage modulus of 1.0 x 104 to 1.0 x 107 dyn/cm2 at 

2s0c. 
According to the present invention, there is also provided a method for produ.cing a 

bonded optical dislc comprising: a first transparerit substrate; a second transparent 

substrate; a light-permeable, pressure sensitive adhesive layer for bonding the .first· substrate 

30 to the second substrate; and at least one information recording layer proVided between the 
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first substrate and the second substrate and the pressure sensitive adhesive layer. said 

method comprising the steps of: 

applying a pressure sensitive adhesive precursor.having a viscosity of 10 to SOOO 

cps on at least one surfilce of the first substrate and the second substrate; 

5 applying radiation directly to. the pressure sensitive adhesive precursor to form a 

10 

pressure sensitive adhesive layer which has been brought to a gel fraction of not less than 

SO% and a storage modulus of 1.0 x 104 to 1.0 x 107 dyn/cm2 at 25°C; and 

bonding the first substrate to the second substrate through the pressure sensitive 

adhesive layer under reduced pressure. 

Also, according to the present invention. there is provided an apparatus for 

producing a bonded opticaJ disk comprising: first and second transparent substrates each 

having an opening in its center portion; a light-permeable adhesive layer for bonding the 

first substrate to the second substrate; and at least one information recording layer provided 

between the first.substrate and the second substrate and the adhesive layer. said apparatus 

15 comprising: 

(I) a vacuum chamber for housing therein the first substrate and the second · 

substrate, the vacuum chamber being capable of being evacuated to a predetenninecl · 

pressure; 

(2) a first shaft having an end section, within the vacuum chamber, for 

· 20 supporting one of the first and second substrates in the circumferential portion of the 

opening; and 

(3) a second shaft having an end section, within the vacuum chamber, for 

supporting the other substrate in the circumferential ·portion of the opening, 

the front end of the end section in the first shaft and the front end of the end section 

25 in the second $haft being disposed within the opening of the first substrate and the opening 

of the second substrate, 

at least one of the first and second shafts being movable so that the end secticm of 

the first shaft and the end section of the second shaft disposed so as to face each other are 

allowed to come close to each other to bring the first and second substrates into intimate 

3 o contact with each other. 
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According to another aspect of the present invention, there is provided a bonded 

optical disk comprising: 

a first transparent· substrate; · 

a second transparent substrate; 

a light-permeable adhesive·tayer for bonding the first substrate to the second 

substrate; and 

at least one infonnation recording layer provided between the first substrate and the· 

second substrate and the adhesive layer. 

wherein the adhesive layer is formed from a radiation-curable adhesive precursor 

10 having a·viscosity of 500 to 10000 cps which is irradiated to cause curing of the adhesive · · 

'' 15 

precursor, and wherein the first substrate and the second substrate are attached through the 

.adhesive precursor,· and wherein · · · 

the adhesive precursor, prior to being irradiated; is subjected to a pressure higher 

' . ·than an atmospheric pressure between the first substrate and the second substrate.· 

According to the present invention. there is also provided a method for producing a··· 

bonded optical disk comprising: a first transparent substrate; a second transparent 

substrate; a light-permeable adhesive layer for bonding the first substrate to the second ·. 

substrate; and at least one information recording layer provided between the first substrate 

and the second substrate and the adhesive layer, said method comprising the steps of 

· 2.0 applying a radiation-curable adhesive preciJrsor having a viscosity of 500 to 10000 . · 

25 

cps on at least one surface of the first substrate and the second substnite; 

combining the first substrate and the second substrate, with the adhesive precursor 

between the first and second substrate, under a reduced pressure; 

exposing the adhesive precursor to a pressure higher than an atmospheric pressure, 

while maintaining the combined· state of the first substrate, the second substrate and the 

adhesive precursor. and 

irradiating the adhesive precursor with a radiation to cause its curing, thereby . 

bonding the first substrate and the second substrate through the adhesive layer. 

Further, according to the present invention, there is provided the above-described 

3 o apparatus for producing a bonded optical disk comprising: first and second transparent 

substrates each having an opening in its center portion; a light-permeable adhesive layer for 
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bonding the first substrate to the second substrate; and at least one information recording 

layer provided between the first substrate and the second substrate and the adhesive layer, 

in which said adhesive layer is a pressure sensitive adhesive layer. 

Furthermore, according to the present invention, there is·also provided the 

s production apparatus of a bonded optical disk of the above-described type, in which said 

vacuum chamber further comprises, having connected therewith, a pressurizing apparatus 

for exposing the adhesive precursor to a pressure higher than an atmospheric pressure, 

while maintaining the combined state of the first substrate, the second substrate and· the 

adhesive precursor. 

10 

15 

Brief Description of the Drawings · 

The present invention will be further explained with reference to the appended 

Figures, wherein like structure is referred to by Jike numerals throughout the several views. 

and wherein: 

Fig. 1 is a sectional side view of a single side dual layer optical disk which is a 

preferred embodiment of the bonded optical disk of the present. invention; 

Figs. 2A through 2D. are a perspective view showing. in the sequence of steps, the 

method for producing the single side dual layer optical disk shown in Fig. I; 

Fig. 3 is a sectional side view of an apparatus, for bonding substrates, used in the 

2 o production of the optical disk shown in Fig. J; 

Fig. 4 is an enlarged perspective view showing the construction of a front end of 

each shaft in the apparatus for bonding substrates shown in Fig. 3; 

Fig. S is a sectional side view showing one variant of the apparatus for bonding 

substrates shown in Fig. 3; 

2 5 Fig. 6 is a sectional side view showing another variant of the apparatus for bonding 

substrates shown in Fig. 3; 

Fig. 7 is a sectional side view showing the constitution of the substrate bonding 

apparatus of Fig. 3 which further comprises a pressurizing apparatus~ and 

Fig. 8 is a sectional side view showing the constitution of the substrate bonding 

30 apparatus ofFig. S which further comprises a pressurizing apparatus. 
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Detailed Description· of the Invention 

The present invention will be described with referen~e to the following preferred 

embodiments. In the drawings referred to in the following description, like parts are 

identified with the same reference numerals. Further, it should be understand that in the 

s bonded optical disks of the present invention, for bonding the first transparent substrate 

with the second transparent substrate, a pressilre sensitive adhesive derived from the 

radiation-curable pressure sensitive adhesive precursor is utilized in one embodiment of the 

present invention, and -an adhesive derived from a -radiation-curable adhesive precursor is 

. utilized in another embodiment of the present invention. and both the pressure sensitive 

.1 o adhesive and the adhesive can be interchangeably utilized, insofar as they do not adversely 

affect the functions and effects of the present invention. 

In one embodiment of the present invention, the bonded optical disk according to 

· . the present invention has a structure comprising two transparent substrates bonded to each 

, . other, that is, a structure comprising a first transparent substrate bonded to a second 

. _, 15 Jransparent substrate through a light-permeable, pressure sensitive adhesive layer. and, in 

20 

addition, for information recording, a recording layer is provided on the surface of at least 

, 9ne of the :first and second substrates, that i~ on the pressure 5ensitive adhesive layer side 

of the substrate. As is well knoWll in the art, there are various types of bonded optical 

· .. disks having such a structure, examples of which include a single side optical disk having a 

reflection type recording layer on one substrate alone. a double side optical disk wheiein a 

reflection type recording layer is provided on both the substrates. and a single side dual 

layer optical disk wherein a reflection type recording layer is provided on one of the 

substrates with a semitransparent recording layer being provided on the other substrate. 

Although the present invention can be advantageously applied to any type of the optical 

25 . disks, it can be especiaDy favorably applied to· the single side dual layer optical disk. 

In the optical disk, the first and second transparent substrates can. be formed from 

transparent plastic materials. such as acrylic resin and polycarbonate resin. by conveQtional 

molding methods as commonly conducted in the art. such as injection molding. In some 

cases, other transparent materials. for·example. glass. may be used iristead of the 

3 o transparent plastic material as the substrate. The size (diameter and thickness) of the 

substrate may be widely varied depending upon the size of the desired optical disk. For 

-8-

i iii 



W099/39337 PCT/US98127502 

exam.pl~ in the case of optica1 disks such as commercially available DVD, the substrate 

before bonding has a diameter of 12 cm and a thickness of0;6 cm. In the center portion of 

the substrate, a small opening (a hole for inserting a shaft therein) is provided so that, when 

the optical disk is loaded into a disk drive, the optical disk can be supported by a shaft of 

s the drive. 

Irregular patterns or irregular pits corresponding to information signals to be 

recorded on the optical disk, such as images and sounds, are provided on the surface, on 

which the recording layer is to be fonned. among the. surfaces of the transparent substrates. 

The irregular pattern or the like may be provided by using a master stamper or by 

10 photolithography. 

A thin film of a metallic material, a ceramic material or the like suitable for the 

formation of a reflection or semitransparent type recording layer is applied onto the formed 

irregular pattern or the like. Materials suitable for the reflection type recording:layer 

include materials having a reflectance of about 900/o after the film formation, for example,· 

15 aluminum. Materials suitable for the semitransparent recording layer include materials · · 

having a reflectance of about 500!0 after the film formation, for example, gold. siJicon-based · 

dielectrics (for example, silicon nitride represented by the formula: SiN" and SiC). The 

recording layer may be fonned from these materials by conventional film forming methOds;. 

for example, sputtering or vacuum deposition. 

20 In the optical disk according to the present invention, the first transparent substrate 

and the second transparent substrate are bonded to each other using a pressure sensitive 

adhesive layer. In particular, the present invention is characterized in that the pressure 

sensitive adhesive layer interposed for bonding the substrates to each other is fonned from 

a pressure sensitive adhesive precursor preferably having a viscosity of I 0 to 5000 cps and 

2 5 bas a gel fraction of not less than 500/o and a storage modulus at 2S°C of 1.0 x 1 o' to 1.0 x 

107 dyn/cm.2• 

When the viscosity of the pressure sensitive adhesive precursor is less than about 10 

cp~ the pressure sensitive adhesive layer precursor may drip from the circumferential 

portion of the substrate after coating and before radiation irradiation, rendering the 

30 thickness of the pressure sensitive adhesive layer uneven. On the other hand. when the 
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viscosity is more than about 5000 cps, unevenness of coating thickness may occur, leading 

to a fear of the thickness of the pressure sensitive adhesive layer becoming uneven. 

When the pressure sensitive adhesive layer has a gel fraction of less than SOo/o, the 

optical disk after bonding ofthe substrates may not be able withstand severe environmen~ 

5 such as high temperature and high humidity environm~ often resulti11g in separation 

. between the substrates or inclusion of bubbles in the pressure sensitive adhesive layer. 

Further, when the pressure sensitive adhesive layer has a storage modulus of less 

· · than about 1.0 x 104 dyn/cm2
, it may be easily deformed by compression at the time of 

bonding, which may make it difficult to provide even thickness. On the other hand, when 

10 the storage modulus is more than about 1.0 x 107 dyn/cm2
, the tackiness may deteriorate, 

· .•. which may make it impossible to bond the substrates to .each other. Note that the adhesive· 

precursor can have a storage ~odulus different from the pressure sensitive adhesive 

· ... precursor. 

. . . · .. , The pressure ·sensitive adhesive precursor used in the practice of the present 

15 invention may be suitably selected from the compounds satisfying the above requirements. · 

· However, the pressure sensitive adhesive precursor is preferably fonned from uiiraviolet · 

. , ·,{UV) curable or electron beam (EB) curable compounds, from the viewpoints of 

· availability, curing time, curing conditions and the like; Acrylic compounds may be 

particularly advantageously used as the pressure sensitive adhesive precursor. Coating of 

20 ·. .: . the pressure ·sensitive adhesive precursor onto the substrate can be advantageously c8rried 

out by a conventional coating method, such as spin coating, screen printing, or roll coating. 

· .. Although the coating thickness may vary depending upon the desired bond strength, it is 

generally in the range of about 20 to 70 µm. 

Fig. 1 is a sectional side view showing one embodiment of the bonded optical disk 

25 according to the present invention. This optical disk, as described above, is called a single 

side dual layer type optical disk (hereinafter referred to simply as "optical disk") and 

·permits infonnation to be optically recorded on the two recording layers or infonnation to 

be read from the recording layers. 

An optical disk IO shown in Figure 1 comprises two substrates 12 and 14 each 

30 made of a transparent resin (for example, polycarbonate resin). and an irregular pattern is 

provided on the surface of each of the transparent substrates. Further, each of the 
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substrates.has in its center portion a circular hollow portion (an opening 11) as shown in 

Fig. 2. Loading of the optical disk 10 on an optical disk drive may be performed by placing 

the opening on the shaft and supporting the disk by the shaft. A first infonnation recording 

layer 16. which is made of a metal. such as aluminum, and functions to record information, 

s is disposed on a first transparent substrate 12. This first information recording )ayer 16 has· 

a reflectance of about 90%. Likewise, a second information recording layer 18, for 

recording information. formed of gold or a silicon-based dielectric, such as SiNx or SiC. is 

provided on a second transparent substrate 14. This second information recording layer 18. 

unlike the first recording layer 16 having a high reflectance, is semitransparent. 

10 Funher. a light-penneable, pressure sensitive adhesive layer 20 is provided between 

the first information recording layer t 6 and the second information recording layer 18. In 

this case, the pressure sensitive adhesive layer 20 is formed from a pressure sensitive· 

adhesive precursor, having a viscosity of 400 to 4,000 cps and pr~ly comprising an 

acrylic compound such as isooctyl acrylate. 2-ethylhexylcarbitol acrylate, n-butyl acrylate, 

15 isostearyl acrylate and urethane acrylate by radiation curing using a radiation, such as 

ultraviolet radiation or electron beam. It is particularly preferred that the adhesive 

precursor consists of urethane acrylate, because such precursor can ensure a high curing 

speed suitable for the effective production of the optical disk. As described above; the 

pressure sensitive adhesive layer 20 has a storage modulus of 1.0 x 104 to 1.0 x 107 
· 

20 dyn/cm2 at 25°C and a gel fraction of not less than 500.Ai. For a storage modulus ofless 

than about 1.0 x 104 dyn/cm2 at 2S°C. as a result of reduction of the aggregation power of 

the pressure sensitive adhesive layer, the adhesive layer may flow from a peripheral portion 

of the bonded disk. Further, a storage modulus above 1.0 x 107 dyn/cm2.may reduce an 

adhesion property, thereby possibly causing insufficient bonding. In view of the 

25 moderation of the stress. the storage modulus is preferably in the range of 1.0 x 104 to 2.0 x 

106 dyn/cm2
, more preferably, in the range ofS.O x 104 to 2.0 x 106 dynlcm2

• The gel 

traction is preferably not less than 70%, more preferably not less than 80%, because . 

separation between the substrates and creation of bubbles in the pressure sensitive adhesive 

layer can be more effectively inhibited. The pressure sensitive adhesive layer 20 is 

3 O homogeneous and has substantially even thickness. As a result, infonnation recorded on 
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the first recording layer 16 can be read through the second reeording layer 18 at an 

excellent signal to noise (SIN) ratio. 

Application of a laser beam from an optical head to the optical disk 10 having the 

above construction permits recording and reading ofinforination. For example,: 

5 information·recorded on the second recording layer 18 may be read therefrom by focusing a 

10 

. luerbeam LI on the second recording layer 18 as shown in Fig. I. Further, infonnation 

may be read from the first information recording layer 16 by focusing a laser beain L2 on 

the first information recording layer 16 through·the semitransparent second infonnation 

recording layer 18. 

The embodiment of the optical disk shown in the drawing. which has two 

. information recording layers and permits recording and reading· of information to be 

performed through one side of the disk, has been described above. However, it should·be . '· · 

·noted that the·optical disk of the present invention is not limited to this embodiment. 

Specifically, the optical disk of the present invention may have one information recording 

15 layer, which permits recording and reading of information to be performed from one side . 

. Further, it may have one or two information recording layers, which permits recording and · · 

reading ofinformation to be performed from both sides of the disk. Otherwise, the optical 

disk of the present invention may be such that recording or reading of information is 

. performed by utilizing photomagnetic effect or phase change. 

2 o The bonded optical disk aceording to the present .invention may be produced by 

·sequentially carrying out the folloWing steps: 

forming a pressure sensitive adhesive precursor layer having a viscosity of 1 O to 

S,000 cps on at least one surface of a first substrate and a second substrate; 

applying radiation directly to the pressure sensitive adhesive precursor layer to form 

2 5 a pressure sensitive adhesive layer which preferably has a gel fraction of not less than 50% 

and a storage modulus of 1.0 x 104 to 1.0 x·107 dyn/cm2 at 25°C; and 

bonding the first substrate to the second substrate through the pressure sensitive 

adhesive layer under reduced pressure. These method steps will be described in order. Fig. 

2 refe1Ted to herein is a perspective view showing, in the sequence of steps, the method for 

3 O producing the single side dual layer optical disk 10 shown in Fig. 1. 
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At the outset, as shown in Fig. 2 (A), the above second transparent substrate 14 

with an irregular pattern of the semitransparent second information recording layer 18 · 

being fonned on the surface thereof is prepared. The second transparent substrate 14 may 

be prepared from a transparent resin. such as polycarbonate.. by injection molding. At.the 

s time of molding, a desired irregular pattern is impaned to .the surface of the substrate by a 

master stamper constituting a pan of the mold. A second information recording layer 18 

having desired thickness is formed by vacuum deposition or the like on the surface of the 

second.transparent substrate 14 with an irregular pattern being fonned thereon. 

A pressure sensitive adhesive precursor 22, which can form a pressure sensitive 

10 adhesive layer by radiation curing, is evenly coated onto the second recording layer 18 

prepared above. In this case. as shown in Fig. 2 (A), a spin coating method is adopted 

wherein the pressure sensitive adhesive precursor 22 is ~ropped through a nozzle (not 

shown) of a spin coater on the second recording layer 18 while rotating the second 

transparent substrate 14 in a direction indicated by an arrow. The pressure sensitive 

15 adhesive precursor 22 should have a viscosity of 1 O to. 5000 cps in order to form. a 

homogeneous pressure sensitive adhesive layer having desired even thickness on the second 

information recording layer 18. 

20 

Instead of the spin coating. for example, screen printing, roll coating or the like may 

be used to coat the pressure sensitive adhesive precursor 22. 

After the completion of the coating of the pressure sensitive adhesive precursor 22. 

the pressure sensitive adhesive 22 is cured to form a pressure sensitive adhesive layer. To 

. thi$ end.· as shown in Fig. 2 (B), a radiation suitable for curing the pressure sensitive 

adhesive precursor, for example, ultraviolet radiation (UV). gamma (g) radiation, or· 

electron beam (UV in the embodiment shown in the drawing). is applied to the whole 

25 surface of the second transparent substrate 14 for a predetermined period of time of several 

seconds to several ten seconds. At that time. unlike the prior an method wherein UV 

enters though the semitransparent second information recording layer 18, the applied .UV 

directly enters the pressure sensitive adhesive precursor 22. As a result, use oflow­

intensity UV suffices for efficient curing reaction to form a pressure sensitive adhesive layer 

30 in a shon time. The formation of the pressure sensitive adhesive layer 20 in a short time 

may be achieved also by using g radiation, or electron beam instead of UV as the radiation. 
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Next, as shown in Fig. 2 {C), the first transparent substrate 12 having thereon the 

first information recording layer 16 is then bonded onto the second transparent substrate 14 

having thereon the pressure sensitive adhesive layer 20 so that the first information 

recording layer 16 faces the press\lre sensitive adhesive layer 20, that is, a second 

s information recording layer (not shown). The first transparent substrate 12 used herein has 

thereon an irregular pattern of the first information recording layer 16 fonned of a ·metal, 

such as aluminum and may be produced in substantially the saine manner as used in the 

second transparent substrate 14. As shown in Fig. 2 (D), the bonding operation provides 

an optical disk 10 comprising a first transparent substrate 12 and a second transparent 

10 substrate 14 integrally bonded to each other. 

15 

Bonding of the firsttranspareht substrate J 2 onto the second transparent substrate .. 

14 may be perfonned by various techniques known in the art. In the production of the 

.. optical disk according to the present invention, however. the bonding can be 

. advantageously carried out under reduced pres5ure by using an apparatus 30 for bonding · 

substrates as shown in Fig. 3. 

.. , , .... ·The apparatus 30 for bonding substrates will be described in detail with1-eference to 

Fig. 3. A first opening'34 and a second opening 36 are provided, in a vacuum Chamber 32, 

so as to face each other through a body 33 of the vacuum chamber 32. Further~ the first 

opening 34 and the second opening 36, as de8cribed beJow, are closed respectively with a 

20 first cover section 38 and a second cover section 40 removable by moving a shaft. Thus, 

the interior of the vacuum chamber 32 can.be hennetically sealed. In particular. 

sim\lltaneous opening or closing of the first cover section 38 and the second cover section 

40 to create or release vacuum permits the substrat~s to be more efficiently withdrawn from 

or introduced into the vacuum chamber 32 in a shorter time. An evacuating device (not 

25 shown), which can evacuate the interior of the vacuum chamber 32 to a predetennined 

pressure of not more than J mTorr, is connected to the vacuum chamber 32. 

A cylindrical first shaft 42 is provided in the first cover section 38 so that the first 

shaft 42 is passed through the cover section 38.and movable in a direction indicated by an 

arrow. Likewise, a cylindrical second shaft 44 is provided in the second cover section 40 

30 so that the second shaft 44 is passed through the cover seetion 40 and movable in a 

direction indicated by an arrow. In this case, the first shaft 42 and the second shaft 44 may 
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be respectively connected to iinear motion mechanisms (not shown) so that they can be 

moved toward the above direction. Thus, the end section of the first shaft 42 and the end 

section of the second shaft 44 can come close to each other from the opposite direction. 

Basically. the end section of the first shaft 42 and the end section of the second 

5 shaft 44 in each circumferential portion of the opening can support the substrate 12 or 14. 

More specifically. the front end of the end section in the first shaft 42 and the front end of 

the end section in the sec.ond shaft 44 are disposed respectively within the opening of the 

substrate 12 and the opening of the substrate 14. In this case. moving the first shaft 42 and 

the second shaft 44 permits the end section of the first shaft 42 and the end section of the 

10 second shaft 44 to come close to each other from the opposite direction, resulting in 

intimate contact of the substrate 12 aild the substrate 14 with each other. 

Preferably, as shown in Fig. 4 as an enlarged view, in each &ont end section of the 

:first shaft 42 and the second shaft 44, pawl sections 46a, 46b, 48a. and 48b are integtally 

provided at given intervals in the peripheral direction so that they can be mechanically or 

15 electrically moved with rocking between the circumferential portion and the center portion. · · 

When the pawl sections 46a, 46b, 48a, and 48b are disposed in the center portion, they can 

be easily inserted into the opening of the first transparent substrate 12 and the opening of 

the second transparent substrate 14. On the other hand. when the pawl sections 46a, 46b, 

48a, and 48b inserted into the opening of the first transparent substrate 12 and the opening· 

2 o of the second transparent substrate 14 are disposed in the circumferential portion, they can · 

securely support the first transparent substrate 12 and the second transparent substrate 14. · 

Further, the shape and the size of the pawl sections 46a and 46b in the first shaft 42 

are such that they can satisfactorily enter respectively a gap 52a and a gap S2b provided 

between the pawl sections 48a and 48b in the second shaft 44. Likewise, the shape and the 

.2s size of the pawl sections 48a and 48b in the second shaft 44 are such that they can 

satisfactorily enter respective1y a gap SOa and a gap SOb provided between the pawl 

sections 46a and 46b in the first shaft 42. ln this case. when the first and second shafts 42 

and 44 are allowed to come close to each other to insen the pawl sections 46a and 46b and 

the pawl sections 48a and 48b respectively into the gaps 52a and 52b and the gaps SOa and 

3 o SOb :f&cing the pawl sections, the opposed faces are brought into contact with each other to 

create a predetermined pressing power. The pressing power or pressure applied to the 
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opposed faces is preferably in the range of0.01to0.5 kglcm2 for 0.1to10 sec, more 

preferably, in the range of O.OS to 0.11 kg/cm2 for about one hour; ConsequentJy, the 

apparatus 30 for bonding substrates can intimately contact the first transparent substrate 12 

and the second transparent substrate -14 with each ·other through a pressure sensitive 

5 adhesive layer having given thickness to effect desired bonding of substrates. Preferably, in 

order to equalize the pressure created in the opposed races in the pawl sections located in 

the front ends of the shafts 42 and 44. supporting faces 4Sa and 45b for mutually contact­

bonding the_first-transparent substrate 12 and the-second transparent substrate 14 are 

provided so as to face each other in the shafts 42 and 44. 

10 

15 

Further, since the bonding of the substrates according to the present invention is 

perfonned under reduced pressure or in vacuo, bubbles in the pressure sensitive adhesive 

layer are not typically found in the course of bonding~ That is, in the optical-disk, a 

pressure sensitive adhesive layer free from bubbles is formed as a medium serving to bond 

- the substrates. This, therefore, can improve the quality of the bonded optical disk 

Although the production of the bonded optical disk according to the present 

invention has been described above with reference to one preferred embodiment shown in 

_.Figs. 2, 3, and 4; it is needless to say that the present invention is not limited to the 

preferred embodiment. For example, in the production of the optical disk according-to the 

present invention, since a radiation, such as ultraviolet light, is applied directly to the 

20 pressure sensitive adhesive precursor. the application site of the pressure sensitive adhesive· 

layer can be widely varied. For example., the pressure sensitive adhesive layer may be 

25 

formed on the first transparent substrate rather than the second transparent substrate~ 

Alternatively, the pressure sensitive adhesive layer may be formed on both the second 

transparent substrate and the first transparent substrate. 

Further, the apparatus for bonding the substrates used in the production of the 

optical disk according to the present invention is not limited to the embodiment descn'bed 

above with reference to Figs. 3 and 4 and may be widely varied so tar as it falls within the 

scope of the present invention. For example., as shown in.Fig. 5, the apparatus 60 for 

bonding substrates may have two rotators 62 and 64 movable in a direction indicated by an • 

3 o arrow. The rotator 62 may have. in its circumferential portion, a set of a cover section 40a · 

and a shaft 44a and a set of a cover section 40b and a shaft 44b, and th~ rotator 64 may 

- 16-
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have, in its circumferential ponion. a set of a cover section 38a and a shaft 42a and a set of 

a cover section 38b and a shaft 42b. In this case, during the course of the bonding of 

substrates, the first and second transparent substrates coated with a pressure sensitive 

adhesive precursor may be supponed on the pawl section. This can shorten the time taken 

s from the coating of the pressure sensitive adhesive precursor to the bonding of the 

substra~ resulting in significantly improved throughput of the optical disk. 

Otherwise, an apparatus 80, for bonding substrates. schematically shown in Fig. 6, 

may be used. As shown in Fig. 6, the apparatus 80 for bonding substrates comprises three 

rotators 62a, 62b, and 62c, and one of these rotators. i.e .• the rotator 62a, is houSed in the 

10 vacuum chamber 32. The vacuum chamber 32 may have two load lock chambers 64a and 

64b, and each load lock chamber has opposed openings 34a and 36a and opposed openings 

34b and 36b. Among these openings 34a. 34b, 36a, and 36b, the openings 34a and 34b 

provided within the vacuum chamber 32 are hermeticaJly sealed with the cover sections 38a 

and 38b of the rotator 62a housed in the vacuum chamber 32, and the openings 36a and 

15 36b provided outside the vacuum chamber 32 are hermeticaUy sealed With the cover 

sections 40a and 40b of the remaining rotators 62b and 62c. 

In the case of the apparatus 80, for bonding substrates. having the above 

construction, during the bonding of substrates in one load lock chamber 64a, the first 

transparent substrate 12 and the second transparent substrate 14 may be supported on the 
2 o pawl sections 46a, 46b, 48a, and 48b within the other load lock chamber 64b under 

atmospheric pressure followed by evacuation of the load lock chamber 64b to a 

predetermined pressure. Therefore. use of this apparatus enables the evacuation time, 

necessary for bonding of the substrates. to be funher shonened, leading to further· 

.improved throughput of the optical disk. 

25 In another embodiment thereof, the present invention resides in the bonded optical 

disk having the structure which is basically similar to that of the above-described bonded 

optical disk. That is, the present optical disk is provided with a first transparent substrate, a 

second transparent substrate,.a light-permeable adhesive layer for bonding said firSt 

substrate with said second substrate, and at least one information recording layer provided 

3 O between the first substrate, the second substrate and the adhesive layer. The principal 

differences between the above-described bonded optical disk and the bonded optical disk 
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which will be described hereinafter reside in that. as will be described in detail hereinafter, 

the latter uses an adhesive, particularly an adhesive derived from a radiation~rable 

adhesive precursor having a high viscosity, in place of a pressure sensitive adhesive. and the 

sequence of bonding the substrates is varied to prevent inclusion of bubbles in the adhesive 

5. layer, while retaining the chatacteristics of the adhesive used. Note. in the follo'Wing 

descriptions of the present· invention, detailed description of the parts or elements which 

can be commonly iised in the above-desaibed optical disk will be omitted to avoid 

duplication of the desaiption; · 

The opticaJ disk of the present invention has a structure comprising a first 

10 transparent substrate bonded to a second transparent substrate through a light-penneable 

.20 

. adhesive layer. and, in addition, for information recording, a recording layer is provided on 

the surface of at least one of the first and second substrates,.that is, on.the adheSive layer 

side of the substrate. As previously described, there are various types of bonded optical 

. disks having such a structure. 

The first and second, transparent substrates of the.optical disk. as has been already 

'. d,escribed, can be formed from transparent plastic·materials, such as acrylic resiii;· 

polycarbonate resin and the like, by conventional molding methods including injection 

molding. With regard to the transparent substrates, the above descriptions should be 

referred to. 

Further, irregular patterns.or irregular pits corresponding to information signals to 

·be recorded on the optical disk, such as images and sounds, are provided on the surface, on 

.. which the recording layer is to be formed~ among the surfaces of the transparent substrates. · 

Furthennore, a thin film-of a metallic.material. a ceramic material. or the like suitable for 

the formation of a reflection or semitransparent type recording layer can be applied onto 

2 5 the formed irregular pattern.or the like. ·With regard to the formation of the irregular 

pattern and the like, and the formation of the recording layer, the above descriptions should 

be·also referred to. 

In the optical disk of the present invention.· the first transparent substrate and the 

second transparent substrate are bonded to each other through a light-transmittive adhesive 

30 layer. In particular, the present invention is characterized in that the adhesive layer 

interposed for bonding the substrates to each other is formed from a radiation-curable 
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adhesive precursor having a high viscosity of 500 cps or more. by subjecting the adhesive 

precursor to radiation curing, after the first substrate and the second substrate were bonded 

with the adhesive precursor. · 

It is necessary that the radiation-curable adhesive precursor used in the fonnation of 

s an adhesive layer has a viscosity of 500 cps or more, and the viseosity is preferably 500 to 

10,000 cps, more preferably 1,000 to S,000 cps. This is because, for the optical disk of the 

present invention, it is desired to use the adhesive precursor having a high enough viscosity 

so that a thickness of the adhesive precursor is constantly retained when a pair of the disk 

substrates are bonded after the selected adhesive precursor was previously coated at 

1 o uniform thickness over the disk substrates through spin coating or other methods. On the 

other hand, it is necessary that the adhesive precursor has a viscosity which enables to 

easily coat the same at a desired thickness in practical uses. Further, an excessively low 

level of the adhesive precursor,· after coating of and before radiation curing of the adhesive 

precursor, can cause dropping of the precursor at the peripheral portion of the substrates. 

15 Note for the viscosity of the radiation-curable adhesive precursor used herein that it may be 

higher than 10,000 cps. if it does not adversely affect the effects of the present invention. 

The adhesive precursor used in the practice of the present invention may be suitably· 

selected from the compounds satisfying the above requirements. However, ultraviolet 

(UV) curable or electron beam (EB) curable adhesive precursors are preferred ti-om-the 

20 viewpoints of availability, curing time. curing conditions, radiation irradiation means for 

curing. and the like. Suitable examples of the UV curable or EB curable adhesive 

precursors, although they are not restricted to, include acrylic compound-based adhesive 

precursors such as isooctyl acrylate. 2-ethylhexyl carbitol acrylate, n-butyl acrylate, · 

isostearyl acrylate, and an· urethane acrylate. Particularly suitable UV curable adhesive 

25 precu~r is a mixture of urethane acrylate (UA) and hydroxypropyl acrylate (HP A) having 

added thereto a photopolymerization initiator. For example. the adhesive precursors 

having the following composition (ratio is "parts by weight") can be advantageously Qsed. 

Composition 

) 

2 

UA 

so 
40 

HPA 

50 
60 

photo-polymerization 
initiator 

1 
1 

viscosity 
.(cps) 
2000 
800 
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3 60 40 2950 

A urethane acrylate (UA) which is commercially available is one available under the 

trade designation "UV JOOOB"; manufactured by Nippon Synthetic Chemical Industry Co., 

and a photopolymeriZation initiator which is commercially available is one available under 

5 the trade designation "Darocur 117311
; manufactured by Merck (Japan). 

10 

Further, coating of the adhesive precursor onto the substrate can be advantageously 

, carried out by a conventional coating method. such as spin coating. screen printing, or roll 

coating. The coating thicknes~ may vary depending upon the desired bond strength and 

other factors. and suitably may be in th~ range, of several microns to several ten microns. 

ln addition to the above~described requirements. for the optical disk of the present · 

invention, it is necessary that the adhesive pre~ursor used for the formation of an adhesive 

.. layer of the opti~ disk, after bonding of the first substrate with the second substrate 

. ,. tiarough the adhesive precursor in vacuum. or under a reduced pressure' and before radiation 

.... C1Jring of the adhesive precursor. is<subjected to a pressure higher than an atmospheric 

15 ... pressure. As a result of application of such a higher pressure. the adhesive precursor, due 

to its higher viscosity, can eliminate application of remarkably increased pushing power and 
. . . . . . . .· · . 

. · rotation of t~e disk for removing an excess· amount of the adhesive therefrom, when the 

. :first substrate is bonded with the second substrate through the adhesive precursor. 

~rdingly, it becomes possible to prevent unevenness of the thickness of the adhesive 

20 precursor. and. as a result of application of the higher pressure. to effectively remove 

.bubbles, produced due to the trapped a~rs or the gaseous substance evaporated or 

vaporized from the adhesive precursor, in the adhesive precursor. According to the present 

. invention, since the applied higher pressure can affect the bubbles produced in the adhesive 

precursor, the bubbles can be again dissolved in the same adhesive precursor. Moreover, as 

2 5 · will be appreciated by a person skilled in the art. according to the present invention, the 

removal of bubbles can be also accomplished, even if a pressure sensitive adhesive 

precursor is used·in place of the above-described adhesive precursor. 

One embodiment of the above-described bonded optical disk according to.the 

present invention may be similar to the single side dual layer type optical disk which has 

3 o been descnl>ed above with reference· to Fig. 1. That is, the optical disk 1 O is constituted 
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from two transparent substrates 12 and 14 made of a polycarbonate resin. and a surface of 

each substrate has an irregular pattern formed thereon. Each of the substrates has in its 

center portion an opening 11. Further, a firsl information recording layer 16 is disposed on 

the first transparent substrate 12, and a second information recording layer 18 is disposed 

5 on the second transparent substrate 14. Funhermore. a light-permeable adhesive layer 20 is 

provided between the first infonnation recording layer 16 and the second information 

recording layer J 8. The adhesive layer 20 is formed upon curing of the adhesive precursor 

as a function of ultraviolet irradiation. 

In the optical disk 1 O having the above-described constitution. information recorded 

1 o on the second recording layer 18 may be read therefrom by focusing a Jaser beam L 1 on the 

second recording layer I 8. Further. information may be read from the first informing 

recording layer 16. by focusing a laser beam L2 on the first information recording layer 16 

through the semitransparent second information recording layer 18. 

The bonded optic~I disk according to the present invention can be produced by 

15 carrying out, in the described order. the following steps: 

applying a radiation-curable adhesive precursor having a viscosity of not less than . 

500 cps on at least one surface of the first substrate and the second substrate; 

combining the first substrate and the second substrate, through the adhesive 

precursor applied in the above step, under a reduced pressure of, pr~bly, not more than 

20 1 mTorr; 

exposing the adhesive precursor to a pressure higher than an atmospheric pressure, 

while maintaining the combined state of the first substrate. the second substrate and the 

adhesive precursor. and 

irradiating a layer of the adhesive precursor with radiation to cause curing. thereby 

25 bonding the first substrate and the second substrate through the adhesive layer. The step of 

irradiating the adhesive precursor layer with radiation may be carried out by applying 

radiation to both of the first and second substrates or may be carried out by appJying . 

radiation to any one.of the first and second substrates. Note that the first substrate, the 

second substrate and the adhesive precursor each may be the same as those described 

30 above with reference to the first embodiment of the optical disk of the present invention. 
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According to the production method of the present invention, since the first. 

su~te and the second substrate are bonded through a high viscosity adhesive precursor 

by using the method based on applicatiOn of a reduced pressure, trapping of air between the 

substrates on in the adhesive precursor during the bonding step can be effectively 

s · prevented. Further, according to the present method. contrary to the prior art methods. it 

becomes possible to omit the rotation of the whole body of the disk for the purpose of 

removing an excess amount of the adhesive precursor from the bonded substrates, thereby 

enabling prevention of a remarkable unevenness of.the thickness in the adhesive precursor 

layer and thus the resulting adhesive layer. 

10 

.. 15 

. 20 " 

In addition; since, immediately after bonding of the first substrate and the second 

· substrate as described above, a whol'e body of the disk including the. adhesive precursor 

· layer is subjected to a pressure higher ttlan the atmospheric pressure (that is, a5 described 

hereinafter, the whole body of the.disk is presSurized to the atmospheric pressure or higher 

·presSure due to pressure of gas such as air), it becomes possible to completely remrivetbe 

bubbles produced due to the evaporated or vaporized gas from the ad~esive precursor, in 

addition to the removal of the bubbles due to the trapped air. In practice.. accofding to the 

method of the present invention, finely divided bubbles which are unable to be visually 

detected can be removed from the adhesive precursor .. · 

Preferably~· the bonded optical disk according to the present invention can be 

produced in accordance with the following procedure . 

(1) A UV-curable adhesive precursor having a viscosity of SOO cps or more is 

.' spin-coated at a. predetermined thickness on a surface {adhesion surface) of each of the first 

disk substrate and the second disk substrate. · 

(2) In a·vacuum container, the first disk substrate and the second disk substrate 

25 are disposed while retaining their opposed state in which the adhesive precursor layer 

coated over a surface of each disk substrate is ·sandwiched with the disk substrates. 

30 

(3) While adjusting a space between the two disk substrates with the adhesive 

precursor layer to a level of reduced presslire. the disk substrates are bonded as a function 

of falling of the upper disk substrate due ts its own weight. 

(4) While the first disk substrate. the second disk substrate and the adhesive 

precursor layer are maintained at the bonded state (i.e., as the so-called "optical disk 
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precursor") iri the vacuum container which can act herein a pressurizing container). a 

compressed air is introduced into the vacuum container to pressurize the optical disk 

precursor, thereby dissolving again the fine bubbles, which have been already dispersed in 

the adhesive precursor layer upon evaporation or vaporization of the substance from the 

5 adhesive precursor, in the adhesive precursor. 

(5) Using an ultraviolet exposure source, for example. built in the vacuum 

container, the adhesive precursor layer is irradiated through one of the substrates with the 

ultraviQlet radiation at a predetermined dose to thereby form an adhesive layer as a result of 

curing of the adhesive precursor. 

10 The production method of the present invention is completed, after the optical disk 

produced through the above-described series of the steps is removed from· the vacuum 

container. In this connection, it should be noted that the ultraviolet irradiation of the 

adhesive precursor layer may be carried out in an atmospheric pressure, and that each step 

in the described production method may be the same as that of the production method 

15 described above with reference to Fig. 2. except that the sequence or order of the steps is 

different and therefore some of the steps must be modified. 

As a principle, the production of the bonded optical disk according to the present 

invention, i.e., the bonded optical disk which comprises the first transparent substrate and 

the second transparent substrate. each having an opening in a center portion thereof, a 

2 o light-permeable adhesive layer bonding the first substrate and the second substrate, and at 

least one information recording layer provided between the first substrate, the second 

substrate and·the adhesive layer, can be advantageously carried out by using the apparatus 

which is similar to the production apparatus described above with reference to Figs. 3 to 6, 

and, for example, such production can be carried out by using the production apparatuses 

25 illustrated in Figs. 6 and 7. Accordingly. the detailed description concerning the production 

apparatus used herein will be omitted. 

The principal dliferences of the production apparatus used herein from the abo:ve­

described production apparatus reside in that the vacuum chamber has, connected 

therewith, an apparatus for supplying a pressurized gas as a pressurizing apparatus for 

3 o exposing the first. substrate. the second substrate and the adhesive precursor, which are. 

intimatdy contacted with each other, to a pressure higher than the atmospheric pressure. 
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Referring to Figs. 6 and 7 both illustrating the substrate bonding apparatus, the 

apparatus 70 for supplying a pressurized gas is provided with a supply source 72 of the 

pressurized gas, and has the constiiution that the pressurized gas of the supply source 72 is 

introduced through a supply conduit 76 of the pressurized gas. provided with a vaJve 74, to 

5 the vacuum chamber 32. In the supply apparatus 70 of the pressurized gas, to connect it 

with the vacuum chamber 32, a pan of the suj>ply conduit 76 of the pressurized gas is, 

embedded in a body 33 of the vacuum chamber 32~ · 

Funher, a radiation irradiation apparatus for curing a radiation-curable adhesive 

precursor capable of forming an adhesive layer, if it is.explained with reference to the 

10 · substrate bonding apparatus 30 of Fig. 7, may comprise one or more radiation irradiation 

. devices (for example,· UV lamps; noi shown)· which are disposed at the predetermined· sites 

in the spaces (openings) 33 and 34 adjacent to the transparent substrates 12 and 14 in the 

vacuum chamber 32. The radiation irradiation devices may be fixedly disposed. insofar as 

they do not adversely affect handling of the substrates, or alternatively they may be 

15 , i:emovably or freely movably disposed through the c<>ver sections. 

More particularly, the apparatus 70 for Supplying the pressurized gas, as is briefly 

described in the above paragraphs, may be formed so t~t a pressurized air or inert gases 

· such as nitrogen or argon is introduced into a body 33 of the vacuum chamber 32. Note, 

. however,·that the supply apparatus 70 of the pressurized gas may have other constructions 

20. · than the illustrated construction in which the' supply conduit 76 of the pressurized gas is· 

embedded in the body 33. Although it is not illustrated, the supply conduit of the 

pressurized gas may be connected with a gas introduction opening provided in one or both 

of the cover sections 38 and 40 or alternatively: other element or Section of the vacuum 

chamber 32. Further, the pressurizing apparatus should not be restricted to the abo~ 

25 described supply apparatus of the pressuriZed gas, an~ for example. it may be a 

.. pressurizing container connected with the vacuum chamber capable of pressuring the 

vacuum chamber: Funhermore. in the production apparatus of the pre~nt invention, . 

preferably, it has a mechanism in which two disk substrates are superposed based on falling 

of the upper disk substrate due to its own weight, while producing a reduced pressure 

30 between the adhesive precursor layers of the diSk substrates. The above mechanism may 

relies upon the mechanical chuck mechanism described above with reference to Fig. 4. · 
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Examples 

The present invention will be described in more detail with reference to the 

following examples. It is needless to say that the present invention is not limited to these 

s examples only. In the following examples. "parts" are by weight unless otherwise specified. 

10 

Note that the term "gel fraction" used herein is intended to mean a weight percent of the 

insoiuble sample when the sample was immersed in a solvent such as methyl ethyl ketone at 

25°C for one day. 

gxamp1e i 

A mixed solution composed of90 parts ofisooctyl acrylate, 10 parts of acrylic acid, 

and 0.04 part of a photoinitiator commercially available under the trade designation 

"lrgacure 651 ", manufactured by CIBA-GEIGY, as a photoinitiator was prepared and then 

placed in a nitrogen atmosphere. 

The mixed solution was then irradiated ~ith an ultraviolet radiation, having a 

15 wavelength of 200 to 400 nm, from an ultraviolet source to perform photopolymerization. 

When this reaction proceeded to a viscosity of about 500 cps as measured with a 

Brookfield viscometer. the ultraviolet irradiation was stopped to prepare a pressure 

sensitive adhesive precursor. 

0.08 part ofhexanediol diacrylate and 0.1 part of"lrgacure 65 l" were added to the 

20 pressure sensitive adhesive precursor to prepare a pressure sensitive adhesive syrup. 

Thereafter, the pressure sensitive adhesive syrup was evenly spin-coated onto a 

transparent circular substrate made of a polycarbonate to form a 28 Jlm-thick coating. 

The circular substrate coated with the pressure sensitive adhesive syrup was then 

placed in a container which had been purged with nitrogen. The coating was then 

2 5 irradiated with an ultraviolet radiation from the ultraviolet sour~ for 10 sec. thereby fully 

curing the pressure sensitive adhesive syrup io evenly form a 28 µm-thick pressure sensitive 

adhesive layer on the circular substrate. The storage modulus of the pressure sensiti~ 

adhesive layer was measured at the frequency of 1 rad/sec with an Rheometrics Dynamic 

Analyzer (RDA) viscoelastic spectrometer manufactured by Rheometrics Inc .• ~ as given 

30 in Table I, was found to be 2.4 x JO' dyn/cm2 at 25°C. Funher, the cured pressure 
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sensitive adhesive layer was immersed in methyl ethyl ketone, and the amount of the 

insoluble in weight percent, that is, the gel fraction. was measured and found to be 69%. 

Two circular substrates having the above pressure sensitive adhesive layer were 

prepared. Thereafter, they were provided in a bonding apparatus, shown in Fig. 3, in its a 

5 predetermined position, and bonded to each other under a reduced pressure of 1.0 Torr to · 

prepare a basic structure ofa bonded optical disk. This basic structure was taken out of the 

apparatus and visually inspected for the appearance. As a result. it was found that the two 

circular substrates were strongly bonded to each other through a bubble-free pressure 

sensitive adhesive layer. The basic structure was also subjected to an environmental test. 

10 In the environment~ test, the basic structure was placed under an environment of50°C and 

95% RH for 200 hr. and the appearance thereof was then visually inspected. In this case, it 

was visually inspected for separation between the circular substrates and the presence of 

bubbles in the pressure sensitive adhesive layer. The results of the visual inspection are 

summarized in Table l. As is apparent from Table 1, the two circular substrates remained 

15 bonded to each other through a bubble-free pressure sensitive adhesive layer under high 

... temperature and high humidity conditions. 

Example2· 

SO pans of2-ethylhexyl carbitol acrylate. SO parts of an oligomer·commercially 

. available under the trade designation 11NK-Oligo. U-340AX" manufactured by Shin-

20 Nakamura Chemical Co .• Ltd., and one part of a photoinitiator commerciaHy available 

under the trade designation "Darocur 1173" manufactured by Merck (Japan) were mixed 

together to prepare a pressure sensitive adhesive precursor. The viscosity of the pressure 

sensitive adhesive precursor was measured in the same manner as in Example I and, as 

given in the following Table 1. was found to be 820 cps .. 

25 The pressure sensitive adhesive precursor was evenly spiO-coated on two circular 

substrates made of polycarbonate to a thickness of28 µmin the same manner as in . 

Example l, followed by full curing of the pressure sensitive adhesive precursor in a 

nitrogen atmosphere. As a result, it was found that a 28 µm-thick pressure sensitive 

adhesive layer was evenly funned on the circular substrates. The storage modulus and the 

30 gel fraction of the pressure sensitive adhesive layer were measured in the same manner as in 
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Example 1 and, as given in Table l, were found to be respectively 6.1 x 10s dynlcm2 and 

91%. 

The two circular substrates were then bonded to each other. Further. an 

environmental test was performed in the same manner as described above. In this case, an 

s appearance test was performed before and after the environmental test. As a result, no 

separation was observed between the circular substrates, and no bubbles were present in 

the pressure sensitive adhesive layer, indicating that, even under high temperature and high 

humidity environment. the two circular substrates remained bonded to each other through. 

the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive 

10 adhesive layer. 

ExampJe.3 

80 parts ofn-butyl acrylate was mixed with 0.04 part of"Darocur 1173" as a 

photoinitiator, and the mixture was placed in a nitrogen atmosphere and then irradiated 

with an ultraviolet radiation to prepare a pressure sensitive adhesive syj-up. 

15 10 parts of urethane acrylate ''UV 30008" manufactured by Nippon Synthetic · 

Chemical Industry Co., Ltd., 10 parts of hydroxypropyl acrylate, and 1 part of 11Darocur 

1173 11 were then added to this pressure sensitive adhesive syrup to prepare a pressure 

sensitive adhesive precursor having a.viscosity of 480 cps as measured by the above 

method. The pressure sensitive adhesive precursor was evenly spin-coated onto two ·· 

20 circular substrates in the same manner as in Example 1 to a thickness of28 µm, and the 

coating was fully cured by ultraviolet irradiation in a nitrogen atmosphere. In this case, it 

was found that a 28 f1m-thick pressure sensitive adhesive layer could be evenly fonned on 

the circular substrates. The storage modulus and the gel fraction of the pressure sensitive 

adhesive layer were measured in the same maMer as in Example J and. as given in Table 1 

25 below, were respectively 1.2 x IOs dynlcm2 and 74o/o. 

The two circular substrates were then bonded to each other. Further, an 

environmental test was performed in the same manner as described above. In this ~ an 

appearance test was perfonned before and after the environmental test. As a result, no 

separation was observed between the circular substrates, and no bubbles were present in 

30 the pressure sensitive adhesive layer, indicating that, even under severe environment, i.e., 

high temperature and high humidity environment, the two circular substrates remained 
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bonded to each other through the pressure sensitive adhesive Jayer without creating any 

bubble in the pressure sensitive adhesive layer. 

ExampJe·4 

SO parts ofisostearyl acrylate was mixed with 0.02 part of"Darocur 117311 as a 

s photoinitiator, and the mixture wa$ placed in a nitrogen atmosphere and then irradiated 

with an ultraviolet radiation to prepare a pressure sensitive adhesive syrup. 

50 parts of 2-ethylhexyl carbitol acrylate, 0; 1 part of hexanediol diac..Ylat~ and 1 

. part of "Darocur 1173 11 were then added to this pressure sensitive adhesive syrup to 

prepare a pressure sensitive adhesive precursor having a viscosity of 4?00 cps as measured 

10 in the same manner as in Example 1. The pressure sensitive adhesive precursor was then 

evenly spin-coated onto two circular substrate in the same manner· as in Example 1 to a . 

. thickness of28 µm. and the coating was fuHy cured by ultraviolet irradiation in a nitrogen 

·. atmosphere. In this case, it was found that a 28 µm-thick pressure sensitive adhesive layer 

could be evenly formed on the cirrular substrates. The storage modulus and the gel 

15 , . ftaction of the pressure sensitive adhesive layer were measured in the same manner as in 

Example 1 and. as given in Table 1 below,. were respectively 1. S x 1 o' dyn/cm2 and 90G.4. 

The two circular substrates were then bonded to each other. Further, an 

environmental test was performed in the same manner as described above, In this case, an 

appearance test was performed before and after the environmental test. As a result, no 

2 o ·separation was observed between the circular substrates~ and no bubbles were present in 

the pressure sensitive adhesive layer, indicating that, even under high temperature and high · 

humidity environment, the two circular substrates remained bonded to each other through 

the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive 

adhesive layer. 

2s Examples 

50 parts of urethane acrylate 11UV 3000811 manufactured by Nippon Synthetic 

Chemical Industry Co., Ltd., SO parts ofhydroiypropyl·acrylat~ and I part of"Darocur 

1173• manufactured by Merck (Japan) as a pbotoinitiator were mixed together to prepare a 

pressure sensitive adhesive precursor having a viscosity of 2120 cps as measured by the 

3 o above method. 
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The pressure sensitive adhesive precursor was then evenly spin-coated onto two 

circular substrates made of polycarbonate in the same manner as in Example I to a 

thickness of 28 µm, and the coating was fully cured by ultraviolet irradiation in a nitrogen 

atmosphere. In this case, it was found that a 28 µm-thick pressure sensitive adhesive layer 

s could be evenly formed on the circular substrates. The storage modulus and the gel 

:fraction of the pressure sensitive adhesive layer were measured in the same manner as in 

Example 1 and. as given in Table 1 below. were found to be respectively 1.2 x 106 dynlcm2 

and 98%. 

The two circular substrates were then bonded to each other. Further, an 

10 environmental test was performed in the same manner as described above. ln this case. an 

appearance test was performed before and after the environmental test. As a result. no 

separation was observed between the circular substrates, and no bubbles were present in 

the pressure sensitive adhesive layer, indicating that, even under high temperature and high 

humidity environment, the two circular substrates remained bonded to each other through 

15 the pressure sensitive adhesive layer without creating any bubble in the pressure seniitive 

adhesive layer. 

Example6 

70 parts of2-ethylheXyl acrylate. 30 parts ofisobomyl acrylate, and 0.04 part of 

"lrgacure 65 l" as a photoinitiator were mixed together, and the mixture was placed in a 

2 o nitrogen atmosphere and then irradiated with an ultraviolet irradiation to prepare a pressure · 

sensitive adhesive syrup. 

The pressure,sensitive adhesive was mixed with 0.5 pan ofhexanediol diacrylate 

and 1 part of"lrgacure 651" to prepare a pressure sensitive adhesive precursor having· a 

viscosity of 920 cps as measured in the same manner as in Example 1. The pressure 

25 sensitive adhesive precursor was evenly spin-coated onto two circular substrateS in the 

same manner as in Example 1 to a thickness of 28 µm, and the coating ·.was fully cured by 

ultraviolet irradiation in a nitrogen atmosphere. In this case, it was found that a 28 µm­

thick pressure sensitive adhesive layer could be evenly fonned on the circular substrates. 

The storage modulus and the gel fraction of the pressure sensitive adhesive layer were 

3 o measured in the same manner as in Example 1 and, as given in Table 1 below, were found 

to be respectively 2.6 x 10s dyn/cm2 and 73%. 
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The two circular substrates were then bonded to each other. Further. an . 

~vironmental test was performed in the same manner as described above. In this case. an 

appearance test was perfonned before and after the environmental test. As a result. ·no 

separation was observed between the circular substtates, and no bubbles were present in 

5 the pressure sensitive adhesive layer, indicating that, even under high temperature and high 

humidity environment, the two circular substrates rem8ined bonded to each other through 

the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive 

adhesive layer. 

Comparative Example J 

10 A basic structure of an opticaJ disk was ·prepared in the Same mariner as in Example · 

6, except that the pressure sensitive adhesive syrup prepared in Example 6 was evenJy spin;,. 

coated onto .two circular substrates· to a thickness of28 µni and the coating was.fully cured 

by ultraviolet irradiation in a nitrogen atmosphere. 

In this case. the viscosity of the pressure Sensitive adhesive syrup was 920 cps, and 

15 ·the modulus and the gel fraction of the pressure sensitive adhesive layer-formed by 

20 ·' 

ultraviolet irradiation were measured and, as given in Table 1, found to be respeCtively 6.3 ·. · ·· 

x l 05 dynlcm2 and I OOA.. 

· The two circular substrates were then bonded to each other. Further. an 

· environmental test was performed in the same manner as described above. In this case,· an • 

appearance test was performed before and after the environmental test; ·As a result, before · 

the environmental test. no bubbles were observed. between the circular substrates, and· no 

cell was present in the pressure sensitive adhesive layer. However. a bubble was.observed 

in the pressure sensitive adhesive layer after the environmental test, indicating that a gel 

traction of less than 50% results in deteriorated quality of the optical disk. 
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Ex. 1 

Ex.2 

Ex.3 

Ex.4 

Ex. S 

Ex.6 

Comp. Ex. I 

Viscosity of syrup Modulus (25°C), 
before coatin&r. cos dvn/cm2 

500 2.4E+oS 

820 6.lE+oS 

480 l.2E+oS 

4000 l.SE+oS 

2120 l.2E+o6 

920 2.6E+OS 

920 6.3E+04 

Table 1 

Bonding property Gel fraction, % 

Excellent 69 

do. 91 

do. 74 

do. 90 

do. 98 

do. 73 

do. JO 

Environmental test 
(S0°C. 95%RH. 200 hr) 
Neither separation nor 

bubbles created 
II 

II 

II 

·11 

.,, 

bubbles created 

~ 
! 
m 
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Example 7 

Samples Nos. 1to13 of the bonded optical disk were produced in accordance with 

the following method. Note in this example that, iri order to ensure an accurate evaluation 

5 of the bubble formation and an accurate determination of the thickness of the adhesive 

layer, two optical disks were produced for each sample number. 

Urethane acrylate, "UV JOOOB" (UA), manufactured by Nippon Synthetic Chemical 

Industry Co., Ltd., and hydroxy-propyl acrylate (HP A) in the ratio (parts by weight) 

described in the following Table 2, and 1 part of "Darocur 1173 u manufactured by Merck 

10 (Japan) as a photoinitiator were mixed together to prepare a UV-curable adhesive 

precursor. The viscosity of the resulting adhesive precursor, determined at 2S°C by using a 

Brookfield-type rotational viscometer, produced by Tokyo Keiki Kabushiki Kaisha, was as 

follows. 

15 

UAIHPA =SO/SO ... 2000 cps; 

UAIHPA=40/60 ... 800cps;and 

UAIHPA = 60/40 ... 2950 cps. 

The obtained adhesive precursor was then evenly spin-coated at a predetermined 

.·.thickness on each single surface ofa pair of two transparent circular substrates made of 

.. : polycarbonate. Spin coating was carried out at the coating speed (rpm) and the coating 

20 · time (second) described in the following Table 2. 

Two circular substrates having the coated adhesive precursor produced in the above 

step were placed in a predetermined position in a bonding apparatus which is similar to that 

.of Fig. 3 except that an ultraviolet lamp is not illustrated, and bonded to each other at a 

reduced pressure, i.e .• vacuum, of 1.0 Torr. The bonding of the substrates could be easily 

25 carried out by utilizing a mechanical·chuck.mechanism of the bonding apparatus:, while 

fillling the upper substrate by its own weight. Immediately after completion of the bonding 

of the substrates, the applied vacuum was removed from the bonding apparatus, and an 

appearance of the adhesive precursor layer of the substrates removed from the apparatus · 

was visually inspected. No bubbles were observed in the layer. howev~r. the subsequent 

30 inspection using an optical microscope evidenced that some tine bubbles having a diameter 

of several ten microns are distributed in the layer. 
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Thereafter, the two bonded circular substrates were contained in a separate 

pressurizing container, and pressurization was made by introducing a compressed air at 5 

kg/cm2 for 30 seconds. The substrates were removed from the container to again inspect 

an appearance of the adhesive precursor layer with an optical microsccipe. No fine bubbles 

5 were observed. 

As a final step. the two bonded circular substrates were again contained in the 

bonding apparatus. and the attached ultraviolet lamp was lighted to irradiate the adhesive 

precursor layer through the substrate with the ultraviolet radiation having a wavelength of 

200 to 400 nm, Photopolymerization was caused. and Samples Nos. 1 to 13 of the optical 

1 o disk in which the substrates were bonded with each other through the cured adhesive layer 

were thus obtained. 

Each of the Samples Nos. 1 to 13 of the optical disk was set in a thickness 

measuring apparatus with an opticaJ multifocus sensor produced by Quence Co. to 

determine a thickness of the adhesive layer in a non-destructive and no~-contaci' manner 

l.5 according to predetermined measuring conditions. The results of the t\etermination · 

descnl>ed in, the following Table 2 were obtained. Note in the Table 2 that "average 

thickness (mm)" each is an average of the thickness of the adhesive layer of the two 

samples. and "dispersion of thickness (max.-min.)" .is the difference (max.-min.) in the 

determination of the dispersion in the thickness of the adhesive layer with regard to an · , 

20 overall of the disk (an average value) and six tracks having different radial diameters (Tr. 1 

to Tr. 6). Further, for the reference. the "average thickness" and the "dispersion of 

thickness" of three commercially available optical disks ofDVD-9 type. #1, #2 and #3, are 

described in the following Table 2. Note that the DVD-9 disks used herein each comprises 

a pair of polycarbonate substrates with nominal thickness of0.6 mm each, bonded with 

25 UV-curable acrylic adhesive. 
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Sample coating 
No. UAIHPA speed 

Crom) 

I SO/SO 3000 
2 50/50 3000 
3 SO/SO 4500 
4 . SO/SO 5000 
s SO/SO . 5000 

6 50150 5000 

7 40/60 3000 .· 

8 40/60 3000 
9 40/60 4000 

10 40/60 4000 

11 40/60 5000 

12 60/40 5000 
13 60/40 5000 

commerciallv available DVD-9 #1 

Commerciallv' available DVD-9 #2 
Commercially available DVD-9 #3 

Iable2 

coating Average 
time Thickness 

(sec) (mm) overall 

10 60.7 13.1 
s 92.8 13.7 
s 59.I 11.6 
s 52.9 9.4 
3 67.8 13.2 
5 SO.I 9.8 

s 52.8 10.9 
J 68.J . 12.9 
3 50.9 14.1 
3 50.4 12.6 
3 41.2 11.8 

5 93.1 11.0 
10 59.2 14.0. 

51.2 . 23.8 ' 
52.3 23.8 
56.2 18.8 

dispersion of thickness (max." min.) 

Tr. 1 Ir. 2 Tr. 3 Tr. 4 

5.0 2.8 1.6 2.2 
6.5 5.7 S.3 3.7 

4.9 7.1 4.6 4.6 

5~3 .. 6.6 2~9 3.S . 

5.7 6.5 S.1 2.2 

3.8 5.1 4~7 3.7 

4.3 6.3 2.5 3.8 
2.9 6.0 4.3 4.9 
3.8 4.7 4.3 2.9 
7.5 4.4 8.5 6.3 
5.7 6.0 2.6 5.7 

5.3 5.7 4.3 3.4 

8.8 5.6 6.5 3.5 

6.3 7.9 11.3 13.1 

6.2 11.6 7.4 9.4 
5;9 4.0 4.1 12.3 

Tr. S 

1.0 
5.0 
4.1 
6.2 
3.8 
2.8 

7.6 
4.7 
7.9 
5.3 
6.9 

6.0 
5.3 

23.5 
11.5 
4.4 

Tr. 6 

3.S 
1.3 
3.1 
5.4 
7.1 
4.0 

s.o 
7.5 
7.9 
9.7 
7.4 

4.1 
9.1 

3.1 
4.6 
5.9 

~ 
\0 

~ 
~ 
~ 

~ 
~ 
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Particularly. the DVD-9 optical disks would be required that fer the overall of the 

disk. the dispersion in the thickness of the adhesive layer should be 20 mm or less, and, for 

each track, it should be 8.0 mm or less. Under this premise, comparing the Samples Nos. 1 

to 13 with the commercially available optical disks in the above Table 2, it is appreciated 

s that the optical disks of the present invention can exhibit a notably diminished dispersion of 

the thickness of the adhesive layer, contrary to the commercially available optical disks. 

Exampie8 

The bonded optical disk was produced in accordance with the method similar to 

that of Example 7 with the proviso that for this example, as is described in the following 

10 Table 3, the adhesive precursor having a viscosity of 2000 cps was evenly spin-coated at a 

predetermined thickness on each single surface of a pair of two transparent circular 

substrates made of polycarbonate. For the spincoating, the coating speed was 4700 rpm, 

and the coating time was 5 seconds. 

Immediately ~r completion of the bonding of the substrates, the substrates were 

15 removed from the bonding apparatus, and an appearance of the adhesive precursor layer 

thereof MIS visually inspected. No bubbles were observed, however, the subsequent 

inspection using an optical microscope evidenced that some fine bubbles having a diameter 

of several ten microns are distributed in the adhesive precursor layer. 

After the two bonded circular substrates were pressurized with introduction of a 

20 compressed air, an appearance of the adhesive precursor layer was again inspected with the 

optical microscope. The fine bubbles observed before pressurization were not observed. 

25 

Further, the thickness of the adhesive layer in the resulting bonded optical disk Was 
detennined to obtain the results described in the following Table 3. 

Example9 

The bonded optical disk was produced in accordance with the method similar to 

that of Example 7 with the exception that for this example, an UV-curable adhesive 

precursor was prepared by mixing 60 parts of urethane acrylate, available under the trade 

designation 11UX-4l01 11 manufactured by Nippon Kayaku Co., Ltd., 40 parts of isoboronyl 

acrylate and 1 part of"Darocur 1173° manufactured by Merck (Japan) as a photoinitiator. 

30 As is described in the following Table 3, the viscosity of the resulting adhesive precursor 

was 7600 cps. The adhesive precursor was evenly spin-coated at a predetermined thickness 
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on each single surface of a pair of two transparent circular substrates made of 

polycarbonate. For the spincoating. the coating speed was 4500 rpm, and the coating time 

was 7 seconds. 

Immediately after coinpletion of the bonding of the substrates, the substrates were 

5 removed from the bonding apparatus, and an appearance of the adhesive precursor layer 

thereof was visually inspected.·· No bubbles. were observed, however, the subsequent 

inspection using an optical microscope evidenced that some fine bubbles having a diameter 

of several ten microns are distnbuted in the adhesive precursor layer. 

After the two bonded circular substrates were pressurized with introduction of a 

10 compressed air, an appearance of the adhesive precursor layer was again inspected with the 

optical microscope. The fine bubbles were not observed. 

Further, the thickness of the adhesive layer in the resulting bonded optical disk was 

determined to obtain the results described in the following Table 3. 

Comparative Example 2 · 

15 The bonded optical disk was produced in accordance with the inethod similar to 

that of Example 7 with the eXception that for this example, for the comparison purp~ an 
• 

UV-curable adhesive precursor was prepared by mixing 60 parts of ethylene oxide­

modified bisphenol A diacrylate, available under the trade designation i·R-SS 111 
· 

manufactured by Nippon Kayaku Co., Ltd .• 40 parts of phenoxyethyl acrylate and 1 pan of 

20 "Darocur 1173" manufactured by Merck (Japan) as a photoinitiator. As is described in the 

following Table 3, the viscosity of the resulting adhesive precursor was 1 SO cps. The 

adhesive precursor was evenly spin-coated at a predetermined thickness on each single 

surfilce of a pair of two transparent circular subStrates made of polycarbonate. ·For the 

spincoating, the coating speed was 3000 rpm. and the coating time was 3 seconds. 

25 The thickness of the adhesive layer in the resulting bonded optical disk was 

determined to obtain the results described in the following Table 3. 

Comparative Example 3 

The bonded optical disk was produced in accordance with the method similar to 

that of Example 7 with the exception that for this example, for the comparison purpose, an 

3 o UV-curable adhesive precursor was prepared by mixing SO parts of urethane acrylate, 

available under the trade designation "UX-41 O I " manufactured by Nippon Kayaku Co .• 
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Ltd .• SO parts of ethylene oxide-modified bisphenol A diacrylate. "R-SS 1" manufactured by 

Nippon Kayaku Co .• Ltd., and 1 part of "Darocur 1173 11 manufactured by Merck(Japan) as 

a photoinitiator. As is described in the foUowing Table 3, the viscosity of the resulting 

adhesive precursor was 43000 cps. The adhesive precursor was evenly spin-coated at a 

· s predetermined thickness on each single surface of a pair of two transparent circular 

substrates made of polycarbonate. For the spincoating. the coating speed was 5000 rpm. 

and the coating time was 10 seconds. 

10 

The thickness of the adhesive layer in the resulting bonded optical disk.was 

determined to obtain the results described in the following Table 3. 
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Example No. 

Ex. 8 
Ex.9 
Como. Ex. 2 
Comp. Ex. 3 

viscosity Coating 
Speed 

(cps) (rpm) 
2000 4700 
7600 4500 

ISO 3000 
43000 5000 

Table 3 

Coating average 
Time thickness 

(sec) (Om) 
s 53.2 

7 94.7 
3 22.3 

10 141.4 

dispersion of thickness (max. - min.) 

overall Tr. 1 Tr. 2 Tr. 3 Tr. 4 Tr. S 
9.4 1.9 3.7 2.4 3.7 2.1 

18.4 1.2 2.1 1.3 1.2 1.6 

12.9 3.8 3.2 3.S 3.5 4.1 
24.0 3. I 2.6 2.1 2.9 2.2 

Tr. 6 
4.1 
6.2 
8.2 
4.6 

~ 
~ 
§ 

.,, 
~ 
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It is appreciated from the results of the above Table 3 that the optical disks of the 

present invention can exhibit a notably diminished dispersion of the thickness of the 

adhesive layer, contrary to the optical disks of Comparative Examples 2 and 3. 

As described above, the present invention can provide a bonded optical disk which 

5 is easily producible and has excellent quality. In particular, in the bonded optical disk of the 

present invention. since a pressure sensitive adhesive precursor having a viscosity in a 

specific range is used in the formation of a pressure sensitive adhesive layer, good 

coatability is provided, inclusion of bubbles can be avoided. and the pressure sensitive 

adhesive precursor can be evenly coated on an irregular patterned substrate. Also, 

10 according to another embodiment of the present invention. since a liquid adhesive precursor 

having a viscosity as described above is used in the formation of the adhesive layer, the high 

quality bonded optical disks having an even coating thickness and no bubbles including fine 

bubbles incorporated can be provided. Further. according to the method of the present 

invention. the bonded optical disk of the present invention can be easily produced through a 

15 simple process, and inclusion of bubbles in a pressure sensitive adhesive layer interposed 

between the substrates can be avoided. In particular, the production of the above optical 

disk can be efficiently carried out using the production apparatus of the present invention, 

particularly an apparatus for bonding substrates. 
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WHAT IS CLAIMED IS: 

I. A bonded optical disk comprising: 

a first transparent substrate; 

a second transparent substrate; 

PCTIUS98127502 

a light-penneablt; pressure sensitive adhesive layer for bonding the first substrate to 

the second substrate; and· 

at least one information recording layer provided between the first substrate and the 

second substrate and the pressure sensitive adhesive layer. 

wherein the pressure sensitive adhesive layer has been formed from a pressure 

10 ·sensitive adhesive precursor. having a viscosity of 10 to 5000 cps and being applied onto at 

' 15. 

least one of the first substrate and the .second substratt; by radiation curing and has a gel · 

fraction of not less than SOOA. and a storage modulus of 1.0x104 to 1.0 x 107 dynlcm2 at 

2s0 c. 

2. A bonded optical disk comprising: 

a first transparent substrate; · 

a second transparent substrate;· 

a light-permeable adhesive layer for bonding the first substrate to the second 

substrate; and 

2 o at least one information recording layer provided between the first substrate and the 

second substrate and the adhesive layer. 

wherein the adhesive layer is formed from a radiation-curable adhesive precursor 

having a viscosity of 500 to 10000 cps which is irradiated to cause curing of the adhesive 

precursor, and wherein the first substrate and the second substrate are attached through the 

25 adhesive precursor, and wherein 

the adhesive precursor, prior to being irradiated, is subjected to a pressure higher 

than an atmospheric pressure between the first substrate and the second substrate. 

3. A method for producing a bonded optical disk comprising: a first transparent 

3 o . substrate; a second transparent substrate; a light-permeablt; pressure sensitive adhesive 

layer for bonding the first substrate to the second substrate; and at least one infonnation 
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recording layer provided between the first substrate and the second substrate and the 

pressure sensitive adhesive layer, said method comprising the steps of: 

applying a pressure sensitive adhesive precursor having a viscosity of 10 to 5000 · 

cps on at least one surface of the first substrate and the second substrate; 

5 applying radiation directly to the pressure sensitive adhesive precursor to fonn a· 

10 

pressure sensitive adhesive layer which has been brought to a gel fraction of not less than 

SOOA and a storage modulus ofl.O x 104 to 1.0 x 107 dynlcm2 at 25°C; and 

bonding the first substrate to the second substrate through the pressure sensitive 

adhesive layer under reduced pressure. 

4. A method for producing a bonded optical disk comprising: a first transparent 

substrate; a second transparent substrate; a light-permeable, adhesive layer for bonding the 

first substrate to the second substrate; and at least one information recording layer provided 

between the first substrate and the second substrate and the adhesive layer, said method ·. 

15 comprising the steps of. 

applying a radiation-curable adhesive precursor having a viscosity of 500 to 10000 

cps on at least one surface of the first substrate and the second substrate; 

combining the first substrate and the second substrate, with the adhesive precur5or 

between the .first and second substrates, under a reduced pressure; 

2 o exposing the adhesive precursor to a pressure higher than an atmospheric pressure, 

25 

while maintaining the combined state of the first substrate. the second substrate and the 

adhesive precursor, and 

irradiating the adhesive precursor with radiation to cause its curing, thereby bonding 

the first substrate and the second substrate through the adhesive layer. 

S. An apparatus for producing a bonded optical disk comprising: first and second 

transparent substrates each having an opening in its center portion~ a light-permeable 

adhesive layer for bonding the first substrate to the second substrate; and at least one 

infonnation recording layer provided between the first substrate and the second substrate 

3 o and the adhesive layer. said apparatus comprising: 
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· (1) a vacuum chamber for housing therein the first substrate and the second 

substrate. the vacuum chamber being capable of being evacuated to a predetennined 

pressure; 

(2) a first shaft having an end section, within the vacuum chamber, for 

5 supporting one of the first and second substrates in the circumferential portion of the 

opening; and 

(3} a second shaft having an end section, within the vacilum chamber, for 

supporting the other substrate in the circumferential portion of the opening, 

the front end of the end section in the first shaft and the front end of the end 

10 section in the second shaft being disposed within the opening of the first substrate and the 

opening of the second substrate. 

at least one of the first and second shafts being movable so that the end section of 

the first shaft and the end section of the secolld shaft disposed so as to face each other are 

allowed to come close to each other to bring the first and second substrates into intimate 

15 contact with each other. 

20 

6. An apparatus for producing a bonded optical disk according to claim 5, in which 

said adhesive layer is a pressure sensitive adhesive layer. 

7. An apparatus for producing a bonded optical disk according to claim 5 or 6, in 

which said vacuum chamber further comprises, having connected therewith, a pressurizing 

apparatus for exposing the adhesive precursor to a pressure higher than an atmospheric 

pressure, while.maintaining the combined state of the first substrate, the seoond Substrate 

and the adhesive precursor. 
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