
US 20040134603A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.2 US 2004/0134603 A1 

Kobayashi et al. (43) Pub. Date: Jul. 15, 2004 

(54) METHOD AND APPARATUS FOR CURING 
ADHESIVE BETWEEN SUBSTRATES, AND 
DISC SUBSTRATE BONDING APPARATUS 

(76) Inventors: Hideo Kobayashi, Tokyo (JP); Shinichi 
Shinohara, Tokyo (JP); Hironobu 
Nishimura, TokoroZaWa-shi (JP); Yukio 
Utsunomiya, Tokyo (JP) 

Correspondence Address: 
KOLISCH HARTWELL, RC. 
520 SW. YAMHILL STREET 
SUITE 200 
PORTLAND, OR 97204 (US) 

(21) 

(22) 

Appl. No.: 

Filed: 

(30) 

Jul. 18, 2002 
Oct. 22, 2002 
Oct. 22, 2002 
Jun. 30, 2003 

10/622,357 

Jul. 17, 2003 

Foreign Application Priority Data 

(JP) .................................... .. 2002-209897 

(JP) .. 2002-307283 

(JP) .. 2002-307385 
(JP) .................................... .. 2003-188734 

Publication Classi?cation 

(51) Int. Cl? .......................... .. G11B 7/26; 1329c 35/08; 
1329c 65/54; B32B 31/16; 

B32B 31/28 
(52) US. Cl. ................... ..156/272.8; 156/275.7; 156/74; 

156/64; 156/379.6; 156/539; 
156/360 

(57) ABSTRACT 

An apparatus for bonding disc substrates is provided With a 
spinner Which spreads adhesive placed betWeen a ?rst 
substrate and second substrate, and a curing device Which 
radiates ultraviolet light onto the adhesive through the 
substrate to cure it. The curing device includes; a support 
mechanism Which supports the ?rst substrate and second 
substrate after the adhesive is spread by the spinner, a 
semiconductor light emitting apparatus having a plurality of 
light emitting semiconductor elements arranged facing a 
region Where the adhesive is cured, and a positioning 
mechanism Which positions the semiconductor light emit 
ting apparatus such that the light emitting semiconductor 
elements are a predetermined distance aWay from the adhe 
sive. The adhesive is cured or semi-cured by ultraviolet light 
emitted from the plurality of light emitting semiconductor 
elements. 



Patent Application Publication Jul. 15, 2004 Sheet 1 0f 18 US 2004/0134603 A1 

100 
90 " 

8O - 

70 ~ 

60 - 

50 - 

40 r 

30 " 

2O - 

250 300 350 400 450 500 

581% (nm) 



Patent Application Publication Jul. 15, 2004 Sheet 2 0f 18 US 2004/0134603 A1 

w 

o 

5 0 

5 

w 

4 =0, \l 4 

.m 
[m . 

%H 0 

l\ 

G a 

w my 

0L F 11% SE 3 

3V m 

m w 3 3 

0 5. 

_-___- w 0- 8- ho- 4- 2 
0000000002 1 0 0 0 0 

654321 
87 

WAVELENGTH (nm) 



Patent Application Publication Jul. 15, 2004 Sheet 3 0f 18 US 2004/0134603 A1 

Fig. 5 

14 

\ w 

m U \HlM \ X \ E 

“ 

\ 2 

“ w 1 

@$\ A 

1 \ 

\ \ 

\ .. “ AL 
\|_| 
“ “III I 

W p N/ 3 \ 11 \ 4|. 
\ \ \ 

v T 
“ . w “H 1m \ X 

E 



Patent Application Publication Jul. 15, 2004 Sheet 4 0f 18 US 2004/0134603 A1 

Fig. 6A 

T2 "1 n2 

:0 0'0 Q. 

Fig. 6B 
20a 20b 21 

/ , 
BH 7b 

‘ \I g 



Patent Application Publication Jul. 15, 2004 Sheet 5 0f 18 US 2004/0134603 A1 

Fig. 7A 



Patent Application Publication Jul. 15, 2004 Sheet 6 0f 18 US 2004/0134603 A1 

mm 

nvm 

mvm own 

uvm 

w .wi. 

\\\\\\\\\ 

\\\N\ 
\Y\\\\\\\ 

05 m5. 



Patent Application Publication Jul. 15, 2004 Sheet 7 0f 18 US 2004/0134603 A1 



Patent Application Publication Jul. 15, 2004 Sheet 8 0f 18 US 2004/0134603 A1 

\\\\\\\\\ 

\\\\\\\\\ 



Patent Application Publication Jul. 15, 2004 Sheet 9 0f 18 US 2004/0134603 A1 

mm 

\\\\\\\\\ 

\\\\\\ 
\\\\\\\\ 



Patent Application Publication Jul. 15, 2004 Sheet 10 0f 18 US 2004/0134603 Al 

éSI 0-0 \\"1. ml 

31 



Patent Application Publication Jul. 15, 2004 Sheet 11 0f 18 US 2004/0134603 A1 

31 



Patent Application Publication Jul. 15, 2004 Sheet 12 0f 18 US 2004/0134603 A1 

- 34d 

A3 Flg. 15 



Patent Application Publication Jul. 15, 2004 Sheet 13 0f 18 US 2004/0134603 A1 

&) Flg. 16 
LU 
Z 
K 
9 
I 
' 
LL! 
2 
(1) 

EE 6 ' ' ' 
5g DISC RADIUS 60(40)'-""‘ 

Fig. 17A I Fig. 17B 
31d 

H3 
31d3 H3 ’ 31d1 

31m 

31d3 

31d2 31d2 



Patent Application Publication Jul. 15, 2004 Sheet 14 0f 18 US 2004/0134603 A1 

Fig. 18 

415 412a S 412 
413 42 

41 
416b 

Fig. 19 
M 



Patent Application Publication Jul. 15, 2004 Sheet 15 0f 18 US 2004/0134603 A1 

Fig. 20 

44 
' ~ 412 — 

Flg. 22 a / 412 413 41a 
415 <_ _> g 

|l\\\\\\\‘\ \\\\ )\\\\\<= 

43__/7y////: 42 
/Z//////// 41b 

/ 
49a 



Patent Application Publication Jul. 15, 2004 Sheet 16 0f 18 US 2004/0134603 A1 

Fig. 23 

412a_\ 412 
413 

§\ \ 416a 41a 415 § 

I 416b 41b 

l l g 42 
\\\\\\\\\\\\\\\\\ “a? 

\\ 41b 
417 

.. M 
Flg. 24B / 412 413 41a 

‘Z///////////////////////////////////J////////// 

49a 



Patent Application Publication Jul. 15, 2004 Sheet 17 0f 18 US 2004/0134603 A1 

Fig. 24C 7 412 413 41a 

419 

Fig. 24D 



Patent Application Publication Jul. 15, 2004 Sheet 18 0f 18 US 2004/0134603 A1 

Fig. 25 
g 
/ 41a 

42 



US 2004/0134603 A1 

METHOD AND APPARATUS FOR CURING 
ADHESIVE BETWEEN SUBSTRATES, AND DISC 

SUBSTRATE BONDING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and an 
apparatus for curing adhesive, Which are suitable for curing 
adhesive applied betWeen substrates such as those for optical 
discs and the like, and an apparatus for bonding disc 
substrates. 

[0003] 2. Description of Related Art 

[0004] In general, an optical disc such as a DVD or the like 
has a structure in Which tWo transparent substrates are 
bonded together by adhesive. Some of them have a record 
ing layer including a re?ective layer or a semi-re?ective 
layer formed on only one of the substrates, and some have 
recording layers formed on both substrates. In the case 
Where a recording layer is formed on only one substrate, the 
thickness of the tWo substrates may be the same, or the 
substrate on Which no recording layer is formed may be 
formed With a thin, transparent sheet. Some have a structure 
in Which tWo pairs of substrates are bonded together in a 
laminate of four substrates. Furthermore, in some cases a 
plurality of sheets of transparent glass or lenses are bonded 
to each other via intermediate adhesive. 

[0005] When manufacturing such an optical disc, after tWo 
substrates have been stacked via intermediate adhesive, the 
adhesive is spread evenly over the substrates by high speed 
rotation, and excess adhesive is removed. Afterwards, ultra 
violet light is normally radiated onto one or both sides of the 
substrate to cure the adhesive quickly. Regarding the ultra 
violet light radiation, ultraviolet light is radiated continu 
ously for a prescribed time using a UV lamp, or pulsed 
ultraviolet light is radiated using a xenon lamp. 

[0006] HoWever, the method of curing using these lamps 
has the folloWing problems. 

[0007] (1) Since ultraviolet light emitting lamps have loW 
luminous efficiency, and generate signi?cant heat, there is a 
possibility of the heat distorting the substrates. Furthermore, 
since a suitable heat dissipation mechanism is required, the 
siZe of the apparatus increases, and the cost is high. 

[0008] (2) Since ultraviolet light emitting lamps are 
expensive, and their lifetime is short, the running costs are 
high. Those With a short lifetime must be changed after 
several tens of hours, Which has a detrimental effect on 
productivity. 

[0009] (3) In the case of radiating pulsed ultraviolet light, 
there is an advantage in regard to heat compared With 
continuous radiation. HoWever, the shock during irradiation 
is great, so there is a possibility in that vibration during that 
time may damage the objects to be bonded, such as glass, or 
have a detrimental effect on adhesiveness. Furthermore, the 
sound caused by the shocks during irradiation increases the 
ambient noise level and is not desirable environmentally. In 
order to solve these problems, conventionally a damping 
mechanism or a noise control mechanism has been installed. 
HoWever, this invites a further increase in the siZe of the 
apparatus and increases costs. 
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[0010] (4) In the case of lamps, poWer loss is considerable, 
so there are disadvantages from both environmental and cost 
standpoints. 

[0011] Examples of a conventional DVD manufacturing 
apparatus and its manufacturing method are described in 
Japanese Unexamined Patent Application, First Publication 
No. 2002-245692 (pages 6 to 8, FIG. 1), and Japanese 
Unexamined Patent Application, First Publication No. 
09-231625 (pages 3 to 5, FIG. 1). 

[0012] In the apparatus described in the references above, 
adhesive is placed betWeen tWo disc substrates, the adhesive 
is spread by a spinner, and the disc substrates are transferred 
to a pedestal by a transfer mechanism. During this transfer 
process the adhesive is not cured, and hence there is a 
possibility in that disc substrates neWly bonded together may 
move. If this happens, they Will cure in this state, Which 
causes a drop in quality. Furthermore, there is also a concern 
that the area around the center hole of the stacked disc 
substrates may be pulled apart and contaminated by bubbles 
When the center holes of the disc substrates are mounted on 
the center pin of a mounting stage in an ultraviolet light 
irradiating apparatus. Consequently, the uniformity in the tilt 
and thickness of the completed optical disc is affected, and 
there is a problem that the quality of the optical disc and the 
production ef?ciency deteriorate. 

[0013] Especially, the uniformity of the tilt and thickness 
is a major problem for Blu-Ray Disc, Which have a very thin, 
0.1 mm thick light transmission layer formed from an 
adhesive layer and a protective sheet, or large capacity 
optical discs called AOD (Advanced Optical Disc) in Which 
tWo disc substrates With a thickness of 0.6 mm, Which is the 
same as a DVD, are bonded together, and Which require a 
suf?ciently tight tolerance on the thickness of the adhesive 
?lm. 

[0014] In order to solve the above problems, Japanese 
Unexamined Patent Application, First Publication No. 
10-97740 discloses a technique in Which disc substrates are 
transferred after high speed rotation, and the stack of disc 
substrates is centered, and then cured from above by an 
emission mechanism moved from a different location, for 
tacking. 

[0015] HoWever, this method requires a process in Which 
disc substrates are mounted on a mounting stage for cen 
tering, and then a retracted emission mechanism is moved 
over the disc substrates. Accordingly, operating the appara 
tus at high speed is dif?cult, and requires appropriate mecha 
nisms. Furthermore, the inside diameters of the center holes 
of the disc substrates vary, and hence there is a concern that 
the inside diameters do not match When the tWo disc 
substrates are laminated. Conventionally, When the diameter 
of a metal member formed from a plurality of blocks is 
expanded, and applies a pressure to the internal circumfer 
ences of the center holes of the disc substrates to center 
them, a high load is applied to disc substrates With a small 
inside diameter, Which affects the tilt of the disc substrates. 
Therefore, ?ne pressure adjustment is dif?cult. 

SUMMARY OF THE INVENTION 

[0016] A method of curing adhesive betWeen substrates 
according to the present invention comprises a step for 
emitting ultraviolet light using a light emitting semiconduc 
































