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PLATE-LIKE BODY MANUFACTURING METHOD 
AND APPARATUS CONTROLLING ENTRY OF AIR 

BUBBLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional Application of and 
is based upon and claims the bene?t of priority under 35 
U.S.C. §120 for application Ser. No. 10/218,303, ?led Aug. 
15, 2002, Which is based on Japanese priority applications 
No. 2001-264726 ?led on Aug. 31, 2001, No. 2002-174521 
?led on Jun. 14, 2002, and No. 2002-196766 ?led on Jul. 5, 
2002, the entire contents of Which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention generally relates to methods 
and apparatuses for manufacturing a plate-like body, and 
more particularly to a method and apparatus for manufac 
turing a plate-like body formed of tWo members stuck 
together. 
[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Recently, With the digitiZation of information appa 
ratuses and the accompanying rapid development of multi 
media apparatuses, there has been a sharp increase in the 
amount of processed information (data), thus requesting 
further increases in the capacities of information recording 
media. 

[0006] In the case of an optical information recording 
medium, for instance, the DVD (digital versatile disk) has 
come to the front as a next-generation optical information 
recording medium replacing the CD (compact disk), Which 
has been Widely used. The DVD, Which has the same 
diameter as the CD, can record approximately seven times 
as much data as the CD due to technological improvements 
in shortening the Wavelength of a laser serving as the light 
source of an optical pickup. 

[0007] While the CD is formed of a single substrate 1.2 
mm in thickness, the DVD is formed of tWo 0.6 mm-thick 
substrates stuck together, so that information can be 
recorded on and reproduced from the CD and the DVD in 
the same apparatus. 

[0008] Accordingly, in the process of manufacturing an 
optical information recording medium formed of tWo sub 
strates stuck together, such as the DVD, a process of sticking 
the tWo optical disk substrates together is essential. At the 
time of sticking the tWo substrates together, it is important 
that no air bubbles be alloWed to enter or remain in an 
adhesive agent or betWeen the tWo substrates. This is 
because it is probable that air bubbles Would become like 
lenses to refract a laser beam emitted from an optical pickup 
at the time of reading information, thereby preventing the 
laser beam from being emitted onto a desired position and 
causing information reading and reproduction failures. Fur 
ther, in the case of an optical recording medium of a 
phase-change recording type, air bubbles may expand 
through laser emission in the laser annealing process (ini 
tialiZation process) performed after the sticking process so 
as to damage the recording layer of the recording medium, 
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thus generating a serious defect in the quality of the record 
ing medium. That is, the existence of air bubbles is one of 
the defect factors in the product life and the physical and 
electrical characteristics of the optical information recording 
medium. 

[0009] A variety of technologies or inventions have been 
so far proposed on methods or apparatuses for controlling 
the above-described presence of air bubbles. 

[0010] Japanese Laid-Open Patent Application No. 
9-198720, for instance, discloses a method of sticking disks 
together so that air bubbles entering betWeen the superim 
posed disks are removed more satisfactorily (hereinafter this 
method may be referred to as the ?rst prior art). According 
to the ?rst prior art, superimposed disks are sandWiched 
betWeen upper and loWer press plates ?xed to a shaft part in 
a hermetically sealed space formed in the main body of a 
pressuriZing device by being covered by a chamber of a rigid 
body. When the hermetically sealed space is evacuated to 
vacuum through an evacuation tube, external pressure added 
to the chamber deforms an O-ring sealing the chamber, so 
that the superimposed disks are pressurized by the defor 
mation of the O-ring. That is, the air bubbles in an adhesive 
agent betWeen the superimposed disks are expelled to the 
outside by the above-described evacuation. 

[0011] Japanese Laid-Open Patent Application No. 
11-66645, for instance, discloses a technology employing 
evacuation of a local part of tWo substrates stuck together 
through an adhesive agent (hereinafter this technology may 
be referred to as the second prior art). According to the 
second prior art, the adhesive agent is provided in a circular 
ring form on the surface of the loWer one of the tWo 
substrates, and With the upper substrate being held by a 
section in the vicinity of its periphery, the tWo substrates are 
brought closer to each other. Then, before the upper sub 
strate comes into contact With the adhesive agent provided 
in the circular ring form on the surface of the loWer 
substrate, gas is evacuated from the internal space sur 
rounded by the surface of the upper substrate, the surface of 
the loWer substrate, and the adhesive agent so that pressure 
inside the internal space is loWer than atmospheric pressure 
in the external space. In this state, the upper substrate is 
brought into contact With the adhesive agent provided in the 
circular ring form on the surface of the loWer substrate, 
thereby reducing generation of air bubbles. 
[0012] Further, Japanese Laid-Open Patent Application 
No. 2000-290602 discloses a technology of reducing gen 
eration of air bubbles by forming an electric ?eld betWeen 
tWo substrates and causing an adhesive agent to have a 
reduced contact area by tapering off the top parts of the 
liquid ?lm spots of the adhesive agent by using the attraction 
of the electric ?eld (hereinafter this technology may be 
referred to as the third prior art). 

[0013] HoWever, in the ?rst prior art, the vacuum chamber 
has a large volume so as to cover the substrates. Therefore, 
the pressuriZing apparatus is required to have a large-scale 
con?guration so as to increase its production cost accord 
ingly. Further, since this type of vacuum chamber has a large 
internal volume, it is necessary to increase suction force for 
evacuation and it takes a long time before desired pressure 
conditions are achieved by evacuation, thus resulting in poor 
operation e?iciency. 
[0014] According to the second prior art, it is possible to 
produce a certain effect by making the pressure inside the 
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internal space surrounded by the surfaces of the upper and 
loWer substrates and the adhesive agent loWer than the 
atmospheric pressure in the external space, that is, by locally 
creating a vacuum atmosphere. However, at the time of the 
above-described evacuation, negative pressure is suddenly 
generated in a part around the center hole of the upper 
substrate, Which part corresponds to the center part of the 
internal space surrounded by the surfaces of the upper and 
loWer substrates and the adhesive agent, so that the adhesive 
agent may be sucked in. Such a case may result in insuf? 
cient joining in sticking together the tWo substrates, Which 
is the primary object prior to ensuring removal of air bubbles 
mixed into the adhesive agent. 

[0015] Further, according to the third prior art, the adhe 
sive agent is alloWed to have a reduced contact area by using 
the attraction of the electric ?eld, thus producing a signi? 
cant effect in reducing generation of air bubbles. According 
to the third prior art, hoWever, it is necessary to take a certain 
measure against the electric ?eld, thus resulting in an 
increase in the production cost of the apparatus. Further, 
normally, static electricity elimination and dustproof air 
bloWing are performed as a measure against adhesion of dust 
to substrates by static electricity (anti-contamination mea 
sure) before the adhesive agent is provided. In the third prior 
art, hoWever, dust in the sticking apparatus is attracted to the 
substrates undesirably as a result of charging the substrates. 
Further, the charged substrates are required to be discharged. 
This increases the cost of the apparatus and the number of 
operations in the sticking process, thus decreasing produc 
tivity. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, it is a general object of the present 
invention to provide a method and apparatus for manufac 
turing a plate-like body in Which the above-described dis 
advantages are eliminated. 

[0017] Amore speci?c obj ect of the present invention is to 
provide a method and apparatus for manufacturing, at loW 
cost, a plate-like body formed of tWo members stuck 
together betWeen Which presence of air bubbles is effec 
tively controlled. 

[0018] The inventors of the present invention, as a result 
of repeatedly conducting experiments under various condi 
tions in sticking together tWo members through a liquid, 
found out tWo main factors of the entry of air bubbles into 
the liquid in sticking together the members. First, When the 
liquid enters a surface contact state at the time of coming 
into contact With the members, gas (normally, air) existing 
in space betWeen the members and the liquid is kept ther 
ebetWeen at the instant of contact to turn into air bubbles 
(?rst air bubble generation factor). Second, after the liquid 
comes into contact With the members, the members are 
pressed toWard each other to cause the liquid to spread in 
given directions so that adjacent liquid parts are joined to 
each other. In this process, gas (normally, air) existing in 
space betWeen the adjacent liquid parts is kept therebetWeen 
to turn into air bubbles (second air bubble generation factor). 

[0019] The present invention is made in vieW of the 
above-described ?ndings (?rst and second air bubble gen 
eration factors) obtained by the inventors. 

[0020] The above objects of the present invention are 
achieved by A method of manufacturing a plate-like body 
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formed of ?rst and second members stuck together through 
liquid, the method including the steps of (a) applying the 
liquid on one of surfaces of the ?rst member and (b) feeding 
gas betWeen the ?rst and second members at an instant of 
initial contact of the liquid With the second member When 
the second member is superimposed on the ?rst member. 

[0021] According to the above-described method, a given 
force generated by the gas is applied to the liquid by feeding 
the gas, so that at the instant of the initial contact of the 
liquid With the second member, the second member and the 
liquid come into substantially line or point contact, thereby 
sufficiently reducing the area of the contact. Accordingly, as 
is apparent from the above-mentioned ?rst air bubble gen 
eration factor, according to the present invention, the entry 
of air bubbles into the liquid for sticking the ?rst and second 
members together is effectively controlled in the sticking 
process. Consequently, air bubbles are effectively prevented 
from remaining betWeen the tWo members forming the 
plate-like body obtained as a ?nal product. Further, in this 
case, special facilities including the above-described 
vacuum chamber are unnecessary, so that cost can be 

reduced. At least one of the ?rst and second members may 
include a curved surface. Accordingly, the plate-like body 
according to the present invention may include a curved 
surface. 

[0022] The above objects of the present invention are also 
achieved by an apparatus for manufacturing a plate-like 
body formed of ?rst and second members stuck together 
through liquid, the apparatus including a placement table 
having a substantially horiZontal surface on Which the ?rst 
member is placed With one of surfaces thereof facing 
upWard, the one of the surfaces having the liquid applied 
thereon in advance, a holding unit holding the second 
member above the placement table, a state changing part 
moving the second member held by the holding unit above 
and opposite the ?rst member placed on the placement table 
so that the second member is superimposed on the ?rst 
member through the liquid, and a gas feeding part feeding 
gas betWeen the ?rst and second members. 

[0023] According to the above-described apparatus, a 
given force generated by the gas is applied to the liquid by 
feeding the gas, so that at the instant of the initial contact of 
the liquid With the second member, the second member and 
the liquid come into substantially line or point contact, 
thereby sufficiently reducing the area of the contact. Accord 
ingly, as is apparent from the above-mentioned ?rst air 
bubble generation factor, according to the present invention, 
the entry of air bubbles into the liquid for sticking the ?rst 
and second members together is effectively controlled in the 
sticking process. Consequently, air bubbles are effectively 
prevented from remaining betWeen the tWo members form 
ing the plate-like body obtained as a ?nal product. Further, 
in this case, special facilities including the above-described 
vacuum chamber are unnecessary, so that cost can be 

reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings, in Which: 
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[0025] FIG. 1 is a plan vieW of an optical disk manufac 
turing apparatus according to an embodiment of the present 
invention, showing the outline of the con?guration thereof; 

[0026] FIG. 2A is a diagram sectionally shoWing the 
con?gurations of a recording substrate and a cover substrate 
according to the present invention, and FIG. 2B is a diagram 
sectionally shoWing the con?guration of a layered substrate 
according to the present invention; 

[0027] FIG. 3 is an enlarged plan vieW of a turntable unit 
and its periphery of the optical disk manufacturing apparatus 
of FIG. 1; 

[0028] FIG. 4 is a sectional vieW of a placement table of 
the turntable unit of FIG. 3 and a distal end part of an arm 
of a second transfer unit of the optical disk manufacturing 
apparatus of FIG. 1, the distal end part being positioned 
substantially right above the placement table; 

[0029] FIG. 5A is a perspective vieW of the cover sub 
strate, shoWing the shape thereof, the cover substrate being 
held by a cover substrate holding part of the arm of FIG. 4 
before being stuck With the recording substrate according to 
the present invention, and FIG. 5B is a longitudinal sec 
tional vieW of the cover substrate of FIG. 5A; 

[0030] FIGS. 6A through 6D are diagrams shoWing the 
change of operating states of the cover substrate holding part 
of FIG. 5A and the change of states of an adhesive agent 
over time according to the present invention; 

[0031] FIG. 7A is a plan vieW of the cover substrate, 
shoWing the state of the adhesive agent of FIG. 6C applied 
on the cover substrate, and FIG. 7B is a plan vieW of the 
cover substrate, shoWing the state of the adhesive agent 
applied on the cover substrate immediately after the state of 
FIG. 7A; 

[0032] FIG. 8A is a diagram shoWing a variation of the 
arm of FIG. 4, and FIG. 8B is a diagram shoWing a state 
immediately before the cover substrate is released at the 
time of sticking the recording and cover substrates by using 
the arm of FIG. 8A; 

[0033] FIG. 9 is a diagram for illustrating an advance 
adhesion caused by charging; 

[0034] FIG. 10 is a diagram for illustrating a gas feeding 
part including a discharge-type ioniZation unit according to 
the present invention; 

[0035] FIG. 11 is a diagram for illustrating a force applied 
to a bonded-type recording medium by a clamp When the 
bonded-type recording medium is attached to a disk unit; 

[0036] FIG. 12A is a diagram for illustrating a center boss 
on Which cutouts for securing a gas channel are formed, and 
FIG. 12B is a diagram for illustrating the bias of the 
adhesive agent in the radial direction in the case of employ 
ing the center boss of FIG. 12A; 

[0037] FIGS. 13A and 13B are diagrams each for illus 
trating a shape of the center boss Which shape alloWs gas to 
be fed evenly in the radial direction; 

[0038] FIGS. 14A and 14B are diagrams each for illus 
trating the operation of sticking the recording and cover 
substrates in the case of employing a center boss including 
an actuator and a positioning member driven vertically by 
the actuator; and 
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[0039] FIGS. 15A and 15B are diagrams each for illus 
trating the operation of sticking the recording and cover 
substrates in the case of employing a center boss including 
an actuator and a positioning member that Works With the 
actuator to sWitch from a positioning cancel state to a 
positioning state. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] A description Will noW be given, With reference to 
the accompanying draWings, of an embodiment of the 
present invention. 

[0041] FIG. 1 is a plan vieW of an optical disk manufac 
turing apparatus 10 as an apparatus for manufacturing a 
recording medium according to the embodiment of the 
present invention, shoWing the outline of the con?guration 
of the optical disk manufacturing apparatus 10. The optical 
disk manufacturing apparatus 10 manufactures an optical 
information recording medium such as a DVD by sticking 
together tWo disk substrates of a disk shape each having a 
center hole (opening) in its center part. 

[0042] As shoWn in FIG. 1, the optical disk manufacturing 
apparatus 10 includes a ?rst stacker part 22, a second stacker 
part 24, a sticking part 30, an adhesive agent hardening part 
40, a testing and discharging part 50, and a control unit 70 
controlling the operations of these parts 22, 24, 30, 40, and 
50. The ?rst stacker part 22 stores a plurality of recording 
substrates Da as ?rst substrates in a layered state. The second 
stacker part 24 stores a plurality of cover substrates Db as 
second substrates in a layered state. The sticking part 30 
extracts the recording and cover substrates Da and Db from 
the ?rst and second stacker parts 22 and 24, respectively, and 
sticks each recording substrate Da to the corresponding 
cover substrate Db by using an adhesive agent. The adhesive 
agent hardening part 50 adjusts the thickness of the adhesive 
agent betWeen each pair of recording and cover substrates 
Da and Db stuck together in the sticking part 30 and 
thereafter hardens the adhesive agent. The testing and dis 
charging part 50 tests and discharges to the outside of the 
optical disk manufacturing apparatus 10 each pair of stuck 
recording and cover substrates Da and Db processed through 
the adhesive agent hardening part 40. 

[0043] The ?rst and second stacker parts 22 and 24, the 
sticking part 30, and the adhesive agent hardening part 40 
are mounted on a ?rst base 19A provided on a ?oor surface 
F, and the testing and discharging part 50 is mounted on a 
second base 19B provided on the ?oor surface F to be 
adjacent With its X2 side to the ?rst base 19A. 

[0044] The ?rst stacker part 22 is provided near the upper 
left comer (the Yl end part of the X2 end part) of the ?rst 
base 19A in FIG. 1. The ?rst stacker part 22 includes a 
center shaft 2211, a substrate holder 22b that is rotatable 
about the center shaft 22a extending along the Z-axis, and a 
pair of stackers 220 provided in symmetrical positions With 
respect to the center shaft 2211 on the substrate holder 22b. 
Each of the paired stackers 220 has a shaft that is inserted 
into the center hole of each recording substrate Da, and 
supports a plurality of layered recording substrates Da With 
the shaft being inserted into the center holes thereof. Each of 
the stackers 220 includes an elevation mechanism (not 
shoWn in the draWing) that lifts up the recording substrates 
Da one after another from beloW. 
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[0045] Each of the recording substrates Da stored in the 
?rst stacker part 22 is a substantially circular substrate 
having a center hole Dac (see FIG. 4) formed in its center 
position. Each recording substrate Da has a sectional struc 
ture as shoWn in FIG. 2A. That is, each recording substrate 
Da includes a 0.6 mm polycarbonate substrate 101 and an 
intermediate layer 102 formed thereon. The intermediate 
layer 102 is formed of a ?rst dielectric ?lm (under layer) 91, 
a phase-change recording ?lm 92 as a recording layer, a 
second dielectric ?lm (top layer) 93, a re?ective ?lm 94, and 
a UV curable resin protective ?lm 95 that are layered 
successively on the polycarbonate substrate 101. The entire 
intermediate layer 102 is approximately one pm in thick 
ness. The recording substrates Da are supported by the 
paired stackers 22c forming the ?rst stacker part 22 of FIG. 
1 With the upper surfaces (bonding surfaces) Daa of their 
respective intermediate layers 102 facing upWard. 
[0046] Referring back to FIG. 1, the second stacker part 
24 has the same con?guration as the ?rst stacker part 22, and 
includes a center shaft 2411, a substrate holder 24b, and a pair 
of stackers 240. Each of the cover substrates Db stored in the 
second stacker part 24 has the same circular shape as the 0.6 
mm polycarbonate substrate 101 and has a center hole Dbc 
(see FIG. 4) formed in its center position. As shoWn in FIG. 
2A, each cover substrate Db is formed of a plate-like 
polycarbonate member. The cover substrates Db are sup 
ported by the paired stackers 24c forming the second stacker 
part 24 of FIG. 1 With their respective loWer surfaces 
(bonding surfaces) Dba facing upWard. 
[0047] The recording and cover substrates Da and Db are 
transported into the optical disk manufacturing apparatus 10 
manually by operators or mechanically through an automatic 
transportation apparatus (not shoWn in the draWing). 
[0048] Referring back to FIG. 1, the sticking part 30 
includes a pair of ?rst transfer units 31A and 31B, a pair of 
cleaner parts 32A and 32B, an adhesive agent applicator 33, 
a reverser 34, a turntable unit 35 for sticking operation, and 
a pair of second transfer units 36 and 37. 

[0049] The ?rst transfer units 31A and 31B are provided in 
close proximity to the ?rst and second stacker parts 22 and 
24, respectively, on their X 1 sides. The cleaner parts 32A and 
32B are provided on the Yl side of the ?rst transfer unit 31A 
and on the Y2 side of the second transfer unit 31B, respec 
tively. The adhesive agent applicator 33 is provided on the 
X1 side of the cleaner part 32A. The reverser 34 is provided 
on the X 1 side of the cleaner part 32B. The turntable unit 35 
is provided at a position from Which the adhesive agent 
applicator 33 and the reverser 34 are equally spaced With 
respect to the Y-axis. The second transfer units 36 and 37 are 
provided in close proximity to the turntable unit 35 on its Y1 
and Y2 sides, respectively. 
[0050] The ?rst transfer unit 31A has tWo arms 131a and 
13119 that are spread at a given angle from each other. The 
arm 131a transfers the recording substrates Da from the ?rst 
stacker part 22 to the cleaner part 32A, and the other arm 
131b transfers the recording substrates Da from the cleaner 
part 32A to the adhesive agent applicator 33. 

[0051] The other ?rst transfer unit 31B has tWo arms 1310 
and 131d that are spread at a given angle from each other. 
The arm 131c transfers the cover substrates Db from the 
second stacker part 24 to the cleaner part 32B, and the other 
arm 131d transfers the cover substrates Db from the cleaner 
part 32B to the reverser 34. 
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[0052] The cleaner part 32A includes a substrate place 
ment part 232A on Which each recording substrate Da is 
placed and a bloW mechanism 132A that bloWs gas onto the 
bonding surface Daa of each recording substrate Da placed 
on the substrate placement part 232A in order to remove dust 
on the bonding surface Daa. The cleaner part 32B includes 
a substrate placement part 232B on Which each cover 
substrate Db is placed and a bloW mechanism 132B that 
bloWs gas onto the bonding surface Dba of each cover 
substrate Db placed on the substrate placement part 232B in 
order to remove dust on the bonding surface Dba. The bloW 
mechanisms 132A and 132B may be replaced by a static 
elimination mechanism that removes dust by using static 
electricity. In such a case, it is preferred to provide a 
discharger for discharging and neutraliZing charged sub 
strates in order to prevent electric charges from causing the 
adhesive agent to come into contact With the substrates after 
the removal of dust. 

[0053] FIG. 3 is an enlarged vieW of the turntable unit 35 
of FIG. 1 and its periphery. As shoWn in FIG. 3, the 
adhesive agent applicator 33 includes a substrate placement 
table 133A and an adhesive agent application mechanism 
133B. An adhesive agent ejection noZZle 139 is provided to 
the adhesive agent application mechanism 133B. The adhe 
sive agent application mechanism 133B includes a drive 
mechanism (not shoWn in the draWing) that drives the 
adhesive agent ejection noZZle 139 along the X-axis and 
Y-axis. The adhesive agent ejection noZZle 139 is driven by 
the drive mechanism so that its distal end can draW a circle 
With respect to a horiZontal surface. Therefore, by thus 
driving the adhesive agent ejection noZZle 139 With the 
adhesive agent being ejected therefrom onto the bonding 
surface Daa of each recording substrate Da placed on the 
substrate placement table 133A, the adhesive agent can be 
applied circularly on the bonding surface Daa. An ultraviolet 
(UV) curable adhesive agent, Which has the property of 
hardening on application of ultraviolet rays, is used as the 
adhesive agent. 

[0054] As previously described, the ?rst transfer unit 31A 
has the tWo arms 131a and 13119 that are spread at the given 
angle and turnable about the Z-axis. The center of the 
Xl-side stacker 220 of the ?rst stacker part 22, the center of 
the substrate placement part 232A of the cleaner part 32A, 
and the center of the substrate placement table 133A of the 
adhesive agent applicator 33 are provided to have the same 
distance from the center of rotation (Y2 ends) of the arms 
131a and 1311). Further, letting the center of rotation of the 
arms 131a and 1311) be the center of a circle With the above 
distance being its radius, a central angle formed betWeen the 
radius running through the center of the X l-side stacker 22c 
and the radius running through the center of the substrate 
placement part 232A is equal to a central angle formed 
betWeen the radius running through the center of the sub 
strate placement part 232A and the radius running through 
the center of the substrate placement table 133A. 

[0055] Thereby, the ?rst transfer unit 31A can simulta 
neously transfer one recording substrate Da from the X l-side 
stacker 220 of the ?rst stacker part 22 to the substrate 
placement part 232A of the cleaner part 32A by the arm 131a 
and another recording substrate Da from the substrate place 
ment part 232A of the cleaner part 32A to the substrate 
placement table 133A of the adhesive agent applicator 33 by 
the other arm 131b. 


























