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(57) ABSTRACT 

An image display device, and a production method thereof 
are provided, which are capable of Suppressing warping of a 
protective panel formed from a plastic as much as possible. In 
an image display device having a liquid crystal display panel 
1 and a transparent protective panel 2 formed from a plastic 
which are arranged facing each other via a cured resin, an 
outer dimension of the protective panel 2 is made larger than 
an outer dimension of the liquid crystal display panel 1, 
curing of a resin composition 4 is carried out in a state where 
a peripheral edge of the protective panel 2 is fixed with a 
fixing jig. 5, and the peripheral edge of the protective panel 2 
is fixed with the fixing jig 5 even after the curing of the resin 
composition 4. Alternatively, the outer dimension of the pro 
tective panel 2 is Substantially equal to an outer dimension of 
the liquid crystal display panel 1, this outer dimension is 
Substantially equal to an inner dimension of a case 8 of the 
liquid crystal display panel 1 and the protective panel 2, and 
the curing of the resin composition 4 is carried out in a state 
where the resin composition 4 is in contact with Substantially 
the whole face of the protective panel 2. 
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IMAGE DISPLAY DEVICE AND 
PRODUCTION METHOD THEREOF 

TECHNICAL FIELD 

0001. The present invention relates to an image display 
device having an image display panel Such as a liquid crystal 
display panel, and a method for producing Such an image 
display device. More specifically, the present invention 
relates to an improved image display device, and production 
method thereof, in which a cured resin is arranged between an 
image display panel and a transparent protective panel. 

BACKGROUND ART 

0002. In an image display device such as a liquid crystal 
display device, to prevent the image display panel from being 
damaged and to protect the Surface thereof, a transparent 
protective panel Such as a glass panel or a plastic panel is 
arranged on the front face of the image display panel. More 
specifically, for example, the protective panel is mounted 
inside a case with a slight gap with respect to the image 
display panel, by arranging a spacer or the like between the 
image display panel and the protective panel at the peripheral 
edge of the image display panel. 
0003. However, when such a configuration is employed, 
the gap between the image display panel and the protective 
panel scatters light, resulting in decreased contrast and lumi 
nance. This leads to the problem that image quality is harmed. 
Furthermore, in a configuration in which a gap is present, 
reflection occurs at the interface between the protective panel 
and air due to their different refractive indices, which leads to 
visibility problems, especially outdoors. 
0004 Based on such circumstances, it has been proposed 
to fill a resin between the image display panel and the pro 
tective panel. For example, in the liquid crystal display device 
described in Patent Document 1, a spacer is arranged on the 
periphery of a polarizing plate which is pasted on the Surface 
of a liquid crystal display panel, and a Surface protective glass 
is mounted on an upper portion of the spacer. Furthermore, 
the Surface protective glass is mounted on the liquid crystal 
display panel by filling an adhesive so that air bubbles do not 
enter between the polarizing plate and the Surface protective 
glass. 
0005 Patent Document 2 also describes an image display 
device in which an image display panel and a protective panel 
are closely adhered via at least one or more layers of a trans 
parent adhesive material. Patent Document 2 describes that 
excellent impact resistance can be realized by having a pre 
determined relationship between the thickness of the trans 
parent adhesive material and the dynamic viscoelastic prop 
erties measured based on frequency dispersion. 
0006 Patent Document 1 Japanese Patent Application 
Laid-Open No. 2005-55641 

0007 Patent Document 2 Japanese Patent Application 
Laid-Open No. 2003-29644 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0008. However, from the perspective of production costs 
and impact resistance, it is better to use a plastic panel than a 
glass panel for the protective panel. Glass panels cost com 
paratively more than plastic panels, and also have weaker 
impact resistance. Therefore, the use of a plastic panel formed 
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from polymethyl methacrylate (PMMA), which is a kind of 
acrylic resin, as a protective panel is being investigated. 
0009. However, the use of a plastic panel as a protective 
panel leads to problems with the protective panel warping, 
which becomes a cause of display quality deterioration. For 
example, if a resin composition is filled between the image 
display panel and the plastic panel and is cured, the image 
display panel is subjected to stresses Such as the internal stress 
generated due to Volume shrinkage during the curing of the 
resin composition, the external stress generated by the plastic 
panel warping due to changes in the environment tempera 
ture, and the residual stress of during molding that the plastic 
panel itself has. When such internal, external, or residual 
stresses are applied on the image display panel, if the image 
display panel is a liquid crystal display panel, the cell gap of 
the liquid crystal layer fluctuates in the order of nanometers, 
which becomes a cause for the occurrence of image uneven 
ness. In particular, while in some cases the size of the protec 
tive panel is made larger than the size of the image display 
panel, and a shielding part is provided on the peripheral 
portion of the protective panel, in Such cases the tendency for 
image unevenness to occur is pronounced. Furthermore, in 
extreme cases, the peripheral portion of the protective panel 
can warp upwards, causing light leakage and the like to occur. 
0010. To suppress volume shrinkage of the resin compo 
sition filled between the image display panel and the protec 
tive panel, it has even been tried to use a resin composition 
having a low curing shrinkage ratio and a low elastic modu 
lus. However, when a plastic panel is used for the protective 
panel, the fact remains that the results cannot always be said 
to be sufficient. This is because plastic panels such as a 
polymethyl methacrylate panel tend to warp from changes in 
the environment temperature (especially when exposed to 
high temperatures). Therefore, the resin composition tends to 
become hot and warp not only when the resin composition 
filled between the image display panel and the protective 
panel undergoes thermal curing, but even when Such resin 
composition is cured by UV-ray irradiation. In addition, 
warping also tends to occur from the high temperatures even 
after curing. 
0011. The present invention was proposed in consider 
ation of such problems in the conventional art. It is an object 
of the present invention to provide a configuration of an image 
display device capable of suppressing warping of a protective 
panel formed from a plastic as much as possible, and to 
provide a method for producing the image display device. 

Means for Solving the Problems 
0012 To achieve the above objects, a first image display 
device according to the present invention is an image display 
device comprising an image display panel and a transparent 
protective panel formed from a plastic which are arranged 
facing each other via a cured resin, wherein an outer dimen 
sion of the protective panel is made larger than an outer 
dimension of the image display panel, and a peripheral edge 
of the protective panel is fixed with a fixing jig. 
0013. A first method for producing an image display 
device according to the present invention is a method for 
producing an image display device comprising the steps of 
arranging an image display panel and a transparent protective 
panel formed from a plastic to face each other via a resin 
composition, and curing the resin composition, wherein an 
outer dimension of the protective panel is made larger than an 
outer dimension of the image display panel, and the resin 
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composition is cured in a state where a peripheral edge of the 
protective panel is fixed with a fixing jig. 
0014. A second image display device according to the 
present invention is an image display device comprising an 
image display panel and a transparent protective panel 
formed from a plastic which are arranged facing each other 
via a cured resin, 
0015 wherein an outer dimension of the protective panel 

is substantially equal to an outer dimension of the image 
display panel, the outer dimension is equal to an inner dimen 
sion of a case of the protective panel and the image display 
panel, and substantially the whole face of the protective panel 
is adhered to the image display panel by the cured resin. 
0016 A second method for producing an image display 
device according to the present invention is a method for 
producing an image display device comprising the steps of 
arranging an image display panel and a transparent protective 
panel formed from a plastic to face each other via a resin 
composition, and curing the resin composition, wherein an 
outer dimension of the protective panel is substantially made 
equal to an outer dimension of the image display panel, the 
outer dimension is Substantially made equal to an inner 
dimension of a case of the protective panel and the image 
display panel, and curing the resin composition in the case in 
a state where substantially the whole face of the protective 
panel is in contact with the resin composition. 
0017. In the present invention, the expression “an outer 
dimension of the protective panel is larger than an outer 
dimension of the image display panel” refers to the image 
display panel being included within the protective panel when 
in a plan view the protective panel and the image display 
panel are Superimposed. 

Advantages of the Invention 
0018. As described above, when the size of the protective 
panel is larger than the size of the image display panel, the 
occurrence of warping at the peripheral edge of the protective 
panel is pronounced. Therefore, in the first image display 
device or the method for producing the same according to the 
present invention, the resin composition is cured by UV-ray 
irradiation in a state where the peripheral edge of the protec 
tive panel is fixed using a fixingjig, and the peripheral edge is 
also fixed with the fixing jig even after the curing. Conse 
quently, the resin composition can be cured in a state where 
warping of the protective panel is corrected, and a state in 
which the protective panel is not warped can be maintained. 
0019. On the other hand, in the second image display 
device or the second method for producing the same accord 
ing to the present invention, the focus is on the size of the 
protective panel, the size of the image display panel, and the 
size of the case thereof. The resin composition is cured in a 
state where the outer dimension of the protective panel, the 
outer dimension of the image display panel, and the inner 
dimension of the case thereof are made Substantially equal. 
Then, the resin composition is cured in a state where Substan 
tially the whole face of the protective panel is in contact with 
the resin composition. Consequently, the resin curing are not 
carried out in a state where the peripheral edge of the protec 
tive panel is open. In addition, just by fitting the protective 
panel and the image display panel in the case with the resin 
composition interposed therebetween, warping upwards of 
the protective panel can be Suppressed from the side face (face 
in contact with the case) of the protective panel. Conse 
quently, the resin can be uniformly cured over the whole face 
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of the protective panel without having to take any particular 
fixing measures for the protective panel, and the occurrence 
of warping can be suppressed. 
0020. The conventional art completely fails to describe the 
idea of Suppressing the occurrence of warping in the protec 
tive panel by making the outer dimension of the protective 
panel, the outer dimension of the image display panel, and the 
inner dimension of the case thereof substantially equal. For 
example, in the invention described in the above Patent Docu 
ment 1, a surface protection glass is used, and absolutely no 
consideration is given to warping of a plastic panel. The 
invention of Patent Document 2 is directed to an image dis 
play device having a comparatively large screen of about 32 to 
100 inches. Since the size of the protective panel is smaller 
than the size of the display panel, and the configuration is 
different from that of the present invention, the protection 
configuration of the image display panel cannot be produced 
by the simple operation of just Superimposing the protective 
panel and the image display panel via the resin composition 
and fitting the resultant structure in the case. 
0021. Therefore, according to the first and second image 
display devices of the present invention, even though the 
protective panel is formed from a plastic, warping of the 
protective panel can be reliably suppressed, and a highly 
reliable image display can be obtained in which image 
unevenness and the like do not occur. Furthermore, according 
to the method for producing an image display device accord 
ing to the present invention, such an image display device can 
be provided. 
0022. Furthermore, according to the first and second 
image display devices of the present invention, since a cured 
resin is arranged between the protective panel and the image 
display panel, advantageous effects from Such configuration 
can also be obtained. For example, reflection at the interface 
with the protective panel can be Suppressed, and Sufficient 
outdoor visibility can also be ensured. In addition, because 
the cured resin is arranged between the protective panel and 
the image display panel, compared with when a gap is pro 
vided between these panels, Sufficient impact resistance and 
the like can be ensured even if the clearance between the 
protective panel and the image display panel is thin. There 
fore, the present invention is also useful in making the device 
thinner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a schematic diagram of a panel configura 
tion of a liquid crystal display device according to an embodi 
ment of the present invention. 
0024 FIG. 2 is a schematic cross-sectional diagram illus 
trating a pasting step of a protective panel according to the 
embodiment illustrated in FIG. 1. 

0025 FIG. 3 is a schematic diagram of a panel configura 
tion of a liquid crystal display device according to another 
embodiment of the present invention. 
0026 FIG. 4 is a schematic cross-sectional diagram illus 
trating a pasting step of a protective panel according to the 
embodiment illustrated in FIG. 3. 

0027 FIG. 5 is a schematic cross-sectional diagram illus 
trating a pasting step of a protective panel in a liquid crystal 
display device according to another embodiment of the 
present invention. 
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0028 FIG. 6 is a schematic cross-sectional diagram illus 
trating warping of a protective panel. 

DESCRIPTION OF THE REFERENCE 
NUMERALS 

0029. 1 Liquid crystal display panel 
0030) 2 Protective panel 
0031, 2a Shielding part 
0032. 3 Cured resin 
0033 4 Resin composition 
0034) 5, 6 Fixing jig 
0035. 5a Holding part 
0036 7 Adhesive tape 
0037 8 Case 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0038 Embodiments of the image display device and pro 
duction method thereof to which the present invention is 
applied will now be described with reference to the drawings 
using a liquid crystal display device as an example. In the 
drawings, same-numbered reference numerals represent the 
same or a similar structural element. 
0039 FIG. 1 is a schematic diagram of a panel configura 
tion of a liquid crystal display device according to an embodi 
ment of a first aspect of the present invention. This liquid 
crystal display device is used in a mobile phone, a portable 
game device or the like. The liquid crystal display device 
includes a liquid crystal display panel 1 for displaying images 
and a protective panel 2 for protecting the Surface of the liquid 
crystal display panel 1. The liquid crystal display panel 1 and 
the protective panel 2 are arranged facing each other via a 
cured resin 3. Furthermore, the liquid crystal display panel 1 
and protective panel 2 are respectively adhered with substan 
tially the whole face of the surface or the back face of the 
cured resin 3. Consequently, the liquid crystal display device 
has improved visibility and impact resistance. 
0040. In the liquid crystal display panel 1, a liquid crystal 
layer LC is formed Such that a liquid crystal material is 
sandwiched between a pair of substrates 11 and 12. Images 
are displayed by controlling the orientation of the liquid crys 
tal material in this liquid crystal layer LC. More specifically, 
provided on the pair of substrates 11 and 12 are a not-illus 
trated color filter and black matrix, pixel electrodes and 
counter electrodes, as well as drive transistors and the like. A 
polarizing plate is pasted on the Surface and back face of the 
pair of substrates 11 and 12. Image display is performed by 
controlling the drive of each pixel by an active matrix system, 
for example. A gap g between the pair of Substrates 11 and 12 
is a so-called cell gap. 
0041 Furthermore, in this image display device, a shield 
ing part 2a is formed on the peripheral edge of the protective 
panel 2. The outer dimension W2 of the protective panel 2. 
which includes the shielding part 2a, is slightly larger than the 
outer dimension W1 of the liquid crystal display panel 1, so 
that the shielding part 2a protrudes towards the exterior side 
from the interior side of the peripheral edge of the liquid 
crystal display panel 1. Light leakage from the peripheral 
portion of the liquid crystal display panel 1 can be reliably 
shielded by the shielding part 2a. 
0042. Thus, when the peripheral edge of the protective 
panel 2 protrudes from the peripheral edge of the liquid crys 
tal display panel 1, if the resin composition is simply arranged 
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betweenthese panels, and the protective panel 2 and the liquid 
crystal display panel 1 are pasted by curing the resin compo 
sition, as illustrated in FIG. 6, the cured resin 3 warps upwards 
especially at the peripheral portion of the protective panel 2 
due to the internal stress (arrow A) generated during the 
curing of the resin composition and the external stress (arrow 
B) generated on the peripheral portion when the protective 
panel 2 warps due to changes in the environment temperature. 
Consequently, these stresses are applied on the upper face of 
the liquid crystal display panel 1. When such stresses are 
applied on the liquid crystal display panel 1, the gap g 
between the substrates 11 and 12 of the liquid crystal display 
panel 1 fluctuates in the order of nanometers between the 
center portion and the peripheral portion, for example, which 
may cause image unevenness to occur. 
0043. However, in the present embodiment, the curing of 
the resin composition is carried out in a state where the upper 
face of the shielding part 2a of the protective panel 2 (i.e., the 
face of the protective panel 2 on the opposite side of the liquid 
crystal display panel 1) is held on the liquid crystal display 
panel 1 side by a fixing jig. 5. This prevents the protective 
panel 2 from warping during the curing, so that as little stress 
as possible is applied on the liquid crystal display panel 1. 
Furthermore, as illustrated in FIG. 1, even after the resin 
composition is cured, the upper face of the shielding part 2a 
continues to be held and fixed with the fixingjig5. Therefore, 
according to the present embodiment, the peripheral edge of 
the protective panel 2 can be maintained in a state free from 
warping. A method for pasting the protective panel according 
to the present embodiment will now be described. 
0044 FIG. 2 illustrates the pasting step of the protective 
panel 2 in the method for producing the liquid crystal display 
device of the present embodiment. In this step, first, a resin 
composition 4 is coated between the liquid crystal display 
panel 1 and the protective panel 2. In this case, the resin 
composition 4 may be coated on the upper face of the liquid 
crystal display panel 1 and the protective panel 2 is then 
Superimposed thereon. Conversely, the resin composition 4 
may also be coated on the protective panel 2 side, and then the 
protective panel 2 is flipped over and is Superimposed on the 
liquid crystal display panel 1. 
0045 Examples of the resin composition 4 to be used may 
include thermosetting and photocurable (for example, UV 
ray curable) resin compositions. However, from the perspec 
tive of avoiding a high-temperature state during curing as 
much as possible, it is preferred to use a UV-ray curable or 
similar photocurable resin composition. In the present 
embodiment, a UV-ray curable resin composition is used as 
the resin composition 4. 
0046. Furthermore, the resin composition 4 is prepared so 
as to have a curing shrinkage ratio of preferably 5% or less, 
more preferably 4.5% or less, even more preferably 4.0% or 
less, and most preferably 0 to 2%. By doing so, the internal 
stress that builds up in the cured resin 3 during curing of the 
resin composition 4 can be reduced, and the generation of 
distortion at the interface between the cured resin 3 and the 
liquid crystal display panel 1, or at the interface between the 
cured resin 3 and the protective panel 2, can be prevented. 
0047. In addition, the resin composition 4 is prepared so 
that the storage modulus (25° C.) of the cured resin 3 is 
preferably 1x107 Pa or less, and more preferably of 1x10 Pa 
to 1x10' Pa. By doing so, the stress that is applied on the 
liquid crystal display panel 1 after the curing of the resin 
composition 4 can be reduced. 
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0048. The magnitude of the internal stress that builds up in 
the cured resin 3 during curing of the resin composition 4 can 
be evaluated based on the average surface roughness of the 
cured resin obtained by dropping the resin composition onto 
a flat plate and curing the dropped resin composition. In 
practice, the distortion generated at the interface with the 
liquid crystal display panel 1 and the protective panel 2 can be 
ignored if, for example, a cured resin has an average Surface 
roughness of 6.0 nm or less, preferably 5.0 nm or less, and 
more preferably from 1 to 3 nm. In this evaluation, the cured 
resin can be obtained by dropping 2 mg of the resin compo 
sition onto a glass plate forming the Substrate of a liquid 
crystal display panel or an acrylic plate forming a protective 
panel and curing the resin composition by UV-ray irradiation 
to a 90% or higher cure ratio. In Such a case, the average 
Surface roughness of the glass plate or the acrylic plate is 
usually 1.0 nm or less. Therefore, the resin composition 4 
used in the present invention is a resin composition which 
when dropped onto the glass plate or acrylic plate forming the 
Substrate of a liquid crystal display panel and then cured, 
yields a cured resin having an average surface roughness in 
the above-described range. 
0049. The resin composition 4 also has to have excellent 
optical properties. For example, regarding the refractive 
index, it is preferred that the refractive index of the cured resin 
3 formed by curing the resin composition 4 and the refractive 
indices of the liquid crystal display panel 1 and the protective 
panel 2 are equal. For example, if the substrate 11 of the liquid 
crystal display panel 1 is formed from optical glass, the 
refractive index (nD) is 1.49 to 1.50, and if the substrate is 
formed from hardened glass, the refractive index is about 
1.55. Furthermore, if the protective panel 2 is formed from an 
acrylic resin, this refractive index (nD) is 1.51 to 1.52. 
Accordingly, the refractive index (nD) of the cured resin 3 is 
preferably 1.45 or more to 1.55 or less, and more preferably 
1.51 or more to 1.52 or less. 
0050. In addition, regarding transparency, if the cured 
resin 3 is 100 um thick, the transmittance of light in the visible 
wavelength region is preferably 90% or higher. 
0051 Examples of resin compositions which satisfy the 
above conditions include a resin composition containing at 
least one kind of polymer selected from a polyurethane acry 
late, a polyisoprene-based acrylate or an ester thereof, a 
hydrogenated terpene resin, abutadiene polymer and the like; 
at least one kind of acrylate monomer selected from isobornyl 
acrylate, dicyclopentenyl oxyethyl methacrylate, 2-hydroxy 
butyl methacrylate and the like; and a photopolymerization 
initiator Such as 1-hydroxycyclohexyl-phenyl-ketone. In this 
case, the kind and proportion of the polymer and the acrylate 
monomer are adjusted so that the values for the curing shrink 
age ratio, storage modulus, and optical properties fall within 
the above-described ranges. The protective panel 2 is often 
provided with a function for cutting light in the UV region to 
protect the liquid crystal display panel 1 against UV rays. 
Therefore, it is preferred to combine the photopolymerization 
initiator with a photopolymerization initiator that can cure 
even in the visible region (for example, trade name: Speed 
Cure TPO, manufactured by Nihon SiberHegner KK). 
0052. When coating the resin composition 4 on the liquid 
crystal display panel 1 or the protective panel 2, a spacer is 
formed on the periphery of the liquid crystal display panel 1, 
for example, before the coating of the resin composition 4 is 
carried out. Obviously, the spacer may be omitted. Although 
the thickness of the coated resin composition 4 is arbitrary, 
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preferably the coating is carried out so that the layer thickness 
of the cured resin 3 will be about 50 um to 200 um. 
0053. After the coating of the resin composition 4, the 
liquid crystal display panel 1 and the protective panel 2 are 
Superimposed over each other with the resin composition 4 
interposed therebetween. Here, the protective panel 2 is a 
transparent panel made of a plastic. For example, an acrylic 
resin panel or the like, Such as a polymethyl methacrylate 
panel, may be used. Furthermore, in the present embodiment, 
the protective panel 2 has on its peripheral edge a shielding 
part 2a which shields light. The shielding part 2a may be 
formed by pasting a light-shielding tape or by printing a 
light-shielding coating. 
0054 The outer dimension of the protective panel 2 is 
larger than the outer dimension of the liquid crystal display 
panel 1. Therefore, when these panels are Superimposed, the 
peripheral edge of the protective panel 2 protrudes from the 
peripheral edge of the liquid crystal display panel 1. If the 
joining with the protective panel 2 is carried out by simply 
irradiating UV rays in this state to cure the resin composition 
4, the problem of warping of the protective panel 2 arises. 
Thus, in the present embodiment, as illustrated in FIG. 2, the 
resin composition 4 is cured in a state where the peripheral 
edge of the protective panel 2 is fixed using the fixing jig 5 so 
as to be held from the upper face of the protective panel 2. 
0055 More specifically, the fixing jig 5 may have, for 
example, a frame shape capable of housing in its interior the 
liquid crystal display panel 1 and the protective panel 2, in 
which the upper end portion is folded over to form an eaves 
shaped holding part 5a. The resin composition 4 is cured by 
UV-ray irradiation in a state where the upper face of the 
peripheral edge of the protective panel 2, which serves as the 
shielding part 2a, is held by this holding part 5a. Conse 
quently, since the curing of the resin composition 4 is carried 
out in a state in which the warping of the protective panel 2 is 
corrected, the flatness of the protective panel 2 is maintained. 
Furthermore, even when the resin composition is cured by 
UV-ray irradiation, in actual practice, the protective panel 2 is 
exposed to heat rays. However, as long as the shielding part 2a 
is fixed with the holding part 5a, the warping will not expand 
even if the protective panel 2 becomes hot. 
0056 Moreover, while the fixing jig 5 may be a dedicated 

jig used only during the curing of the resin composition 4, the 
case housing the liquid crystal display panel 1 on which the 
protective panel 2 is pasted may also be used for this purpose. 
The above-described held state can be obtained by forming 
the eaves-shaped holding part 5a in the case of the liquid 
crystal display device into which the liquid crystal display 
panel 1 and the like is to be mounted, and mounting the liquid 
crystal display panel 1 in the case. In this case, the case can be 
used as is, and the mounting of the liquid crystal display panel 
1 is completed simultaneously with the completion of the 
curing of the resin composition 4. More specifically, the liq 
uid crystal display device has the exact same structure as the 
state illustrated in FIG. 2. Furthermore, in this case, the upper 
face of the protective panel 2 continues to be supported and 
fixed with the case even after the curing of the resin compo 
sition 4, whereby the warping of the protective panel 2 over 
time can also be prevented. 
0057 The thus-produced liquid crystal display device is a 
highly reliable liquid crystal display device in which warping 
of the protective panel 2 is reliably Suppressed, and display 
unevenness and the like does not occur. Furthermore, since 
the cured resin 3 is filled between the protective panel 2 and 
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the liquid crystal display panel 1, outdoor visibility can be 
Sufficiently ensured, and impact resistance can also be 
ensured. 
0058 FIG. 3 is a schematic diagram of a panel configura 
tion of an image display device according to another embodi 
ment of the first aspect of the present invention. This image 
display device differs from the image display device illus 
trated in FIG. 1 in that the lowerface of the peripheral edge of 
the protective panel 2 formed from a plastic, that is, the face 
on the liquid crystal display panel 1 side of the protective 
panel 2, is adhered and fixed to the upper end face of a fixing 
jig 6. Other features are formed in the same manner as the 
image display device illustrated in FIG. 1. 
0059. The pasting method of the protective panel 2 in this 
embodiment is, similar to as described above, to coat the 
liquid crystal display panel 1 with the resin composition 4 and 
then Superimpose the protective panel 2 over the liquid crystal 
display panel 1 with the resin composition 4 interposed ther 
ebetween. At this stage, as illustrated in FIG. 4, a frame 
shaped fixing jig 6 having roughly the same outer dimension 
as the protective panel 2 is used. The peripheral edge of the 
protective panel 2 is fixed with the upper end face of this 
fixing jig 6. For example, the protective panel 2 is adhesively 
fixed by pasting an adhesive tape 7 on the upper end face of 
the fixing jig 6. If the resin composition 4 is cured by carrying 
out the UV-ray irradiation in this state, similar to in the 
embodiment of FIG. 1, the warping of the protective panel 2 
can be reliably Suppressed. 
0060. In the present embodiment too, the fixing jig 6 may 
be a dedicated jig used only during the curing of the resin 
composition 4, or the case housing the liquid crystal display 
panel 1 may also be used for this purpose. In the latter case, 
the liquid crystal display device has the exact same structure 
as the state illustrated in FIG. 3. 

0061 FIG. 5 is a schematic diagram of a method for pro 
ducing a panel configuration of a liquid crystal display device 
according to an embodiment of a second aspect of the present 
invention. The present embodiment is characterized in that 
the outer dimension of the protective panel 2 is made Substan 
tially the same as the outer dimension of the liquid crystal 
display panel 1, the outer dimensions of these panels are made 
substantially the same as the inner dimension of the case 8 
thereof, and the curing of the resin composition 4 is carried 
out in a state where the resin composition 4 is in contact with 
substantially the whole surface of the protective panel 2. 
Furthermore, in the present embodiment also, the method is 
the same as that of the above embodiments according to the 
first aspect of the present invention as far as the coating of the 
resin composition 4. Thus, such a description is omitted here. 
0062. As described above, after coating the resin compo 
sition 4 on the liquid crystal display panel 1, the protective 
panel 2 is Superimposed thereon. However, as illustrated in 
FIG. 5, at this stage the outer dimension of the protective 
panel 2 is made Substantially the same as the outer dimension 
of the liquid crystal display panel 1. Consequently, the whole 
face of the protective panel 2 contacts the resin composition 4. 
and is in a so-called “warping margin-less' state. In this state, 
the liquid crystal display panel 1 and the protective panel 2 are 
housed in the case 8. Here, the inner dimension of the case 8 
is set to be substantially the same as the outer dimension of the 
protective panel 2 and the liquid crystal display panel 1, and 
so that the protective panel 2 Superimposed on the liquid 
crystal display panel 1 fits precisely in the case 8. In this state, 
if the curing of the resin composition 4 is carried out by 

Jun. 3, 2010 

irradiating UV rays, the warping of the protective panel 2 can 
be simply and reliably suppressed. This is because there are 
no protruding portions of the protective panel 2 where warp 
ing becomes pronounced, and the warping upwards of the 
protective panel 2 is suppressed by the case 8 which abuts a 
side face of the protective panel 2. Furthermore, in the present 
embodiment, the shielding part has to be separately provided. 
0063 Although embodiments of the present invention 
were described above, the present invention is obviously not 
limited to those embodiments. Various modifications may be 
made to the embodiments discussed above without departing 
from the scope of the present invention. For example, the 
shielding part may be omitted on the peripheral edge of the 
protective panel. Furthermore, while the above-described 
embodiments all apply the present invention in a liquid crys 
tal display device, the present invention may also be applied 
in a device other than a liquid crystal display device. For 
example, the present invention may also be applied in an 
organic EL display device, a plasma display and the like. 

EXAMPLES 

0064. Next, more specific examples of the present inven 
tion will be described based on experiment results. 

Example 1 

0065. A protective panel was pasted on a liquid crystal 
display panel according to the method illustrated in FIG. 2 to 
produce a liquid crystal display device. The used protective 
panel was a transparent plastic panel formed from polymethyl 
methacrylate (PMMA). A case housing the liquid crystal 
display panel was used as a fixing jig. An upper face of a light 
shielding part formed on a peripheral edge of the protective 
panel was held and fixed with forming an eaves-shaped hold 
ing part on this case. 
0066. The resin composition to be arranged between the 
liquid crystal display panel and the protective panel was pre 
pared by kneading in a kneader 70 parts by weight of an ester 
compound formed from a maleic anhydride adduct of a poly 
isoprene polymer and 2-hydroxyethyl methacrylate, 30 parts 
by weight of dicyclopentenyl oxyethyl methacrylate, 10 parts 
by weight of 2-hydroxybutyl methacrylate, 30 parts by 
weight of a hydrogenated terpene resin, 140 parts by weight 
of abutadiene polymer, 4 parts by weight of a photopolymer 
ization initiator, and 0.5 parts by weight of a visible region 
photopolymerization initiator. 
0067. The curing shrinkage ratio of this resin composition 
was 1.8%, and the storage modulus (25°C.) of the cured resin 
obtained by curing this resin composition was 1x10" Pa. 
Furthermore, the average surface roughness of the cured resin 
obtained by dropping 2 mg of the resin composition onto a 
glass plate for a liquid crystal cell, and curing the resin com 
position by UV-ray irradiationata cure ratio of 90% or higher, 
was 2.7 mm. In addition, the transmittance in the visible region 
of a 100 um-thick cured resin formed from the above resin 
composition was measured by a UV-Visible Spectrophotom 
eter (model name: V-560, manufactured by JASCO Corpora 
tion) to be 90% or higher. 
0068 For the storage modulus, the elastic modulus (Pa) 
(25°C.) was measured at a measurement frequency of 1 Hz 
using a viscoelastometer (model name: DMS6100, manufac 
tured by Seiko Instruments Inc.). 
0069. The curing shrinkage ratio was determined by mea 
Suring the specific gravities of the uncured resin Solution and 
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the cured solid using an electronic densimeter (model name: 
SD-120L, manufactured by Mirage), and calculating the dif 
ference between them from the following equation. 

Curing shrinkage ratio (%)=(Cured product specific 
gravity-Resin Solution specific gravity). Cured product 
specific gravityx100 

0070 The average surface roughness was determined by 
measuring the distortion (Ra: average Surface roughness) in a 
given region (2.93 mmx2.20 mm) of a glass plate Surface 
using a three-dimensional non-contact surface roughness 
meter manufactured by Zygo Corporation. 
0071. According to the present example, a liquid crystal 
display device could be obtained which had hardly any warp 
ing of the protective panel, no display unevenness, and excel 
lent outdoor visibility and impact resistance. 

Example 2 
0072 A liquid crystal display device was produced in the 
same manner as in Example 1, except that the resin compo 
sition to be arranged between the liquid crystal display panel 
and the protective panel was changed as follows. In the 
present example too, a liquid crystal display device could be 
obtained which had hardly any warping of the protective 
panel, no display unevenness, and excellent outdoor visibility 
and impact resistance. 
0073 More specifically, the resin composition in the 
present example was prepared by kneading in a kneader 100 
parts by weight of an ester compound formed from a maleic 
anhydride adduct of a polyisoprene polymer and 2-hydroxy 
ethyl methacrylate, 30 parts by weight of dicyclopentenyl 
oxyethyl methacrylate, 10 parts by weight of 2-hydroxybutyl 
methacrylate, 30 parts by weight of a hydrogenated terpene 
resin, 210 parts by weight of a butadiene polymer, 7 parts by 
weight of a photopolymerization initiator, and 1.5 parts by 
weight of a visible region photopolymerization initiator. 
0074 The curing shrinkage ratio of this resin composition 
was 1.0%, and the storage modulus (25°C.) of a cured resin 
obtained by curing this resin composition was 4x10 Pa. 
Furthermore, the average Surface roughness of the cured resin 
obtained by dropping 2 mg of the resin composition onto a 
glass plate for a liquid crystal cell, and curing the resin com 
position by UV-ray irradiationata cure ratio of 90% or higher, 
was 1.5 nm. In addition, the transmittance in the visible region 
of a 100 um-thick cured resin formed from this resin compo 
sition was measured by a UV-Visible Spectrophotometer 
(model name: V-560, manufactured by JASCO Corporation) 
to be 90% or higher. 

Example 3 

0075. A liquid crystal display device was produced in the 
same manner as in Example 1, except that the resin compo 
sition to be arranged between the liquid crystal display panel 
and the protective panel was changed as follows. In the 
present example too, a liquid crystal display device could be 
obtained which had hardly any warping of the protective 
panel, no display unevenness, and excellent outdoor visibility 
and impact resistance. 
0076 More specifically, the resin composition in the 
present example was prepared by kneading in a kneader 70 
parts by weight of an ester compound formed from a maleic 
anhydride adduct of a polyisoprene polymer and 2-hydroxy 
ethyl methacrylate (trade name: UC-203, manufactured by 
Kuraray Co., Ltd.), 30 parts by weight of dicyclopentenyl 
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oxyethyl methacrylate (trade name: FA512M, manufactured 
by Hitachi Chemical Co., Ltd.), 10 parts by weight of 2-hy 
droxybutyl methacrylate (trade name: Light Ester HOB, 
manufactured by Kyoeisha Chemical Co., Ltd.), 30 parts by 
weight of a hydrogenated terpene resin (trade name: Clearon 
P-85, manufactured by Yasuhara Chemical Co., Ltd.), 35 
parts by weight of a butadiene polymer (trade name: Polyoil 
110, manufactured by Zeon Corporation), 5 parts by weight 
of a photopolymerization initiator trade name Irgacure 184D, 
manufactured by Ciba Specialty Chemicals Inc.), and 2 parts 
by weight of a visible region photopolymerization initiator 
(trade name Speed Cure TPO, manufactured by Nihon Siber 
Hegner KK). 
0077. The curing shrinkage ratio of this resin composition 
was 3.8%, and the storage modulus (25°C.) of a cured resin 
obtained by curing this resin composition was 4x10 Pa. 
Furthermore, the average surface roughness of the cured resin 
obtained by dropping 2 mg of the resin composition onto a 
glass plate for a liquid crystal cell, and curing the resin com 
position by UV-ray irradiationata cure ratio of 90% or higher, 
was 5.0 nm. In addition, the transmittance in the visible region 
of a 100 um-thick cured resin formed from this resin compo 
sition was measured by a UV-Visible Spectrophotometer 
(model name: V-560, manufactured by JASCO Corporation) 
to be 90% or higher. 

Example 4 
0078. A liquid crystal display device was produced using 
the same protective panel as in Example 1, by pasting the 
protective panel on the liquid crystal display panel according 
to the method illustrated in FIG. 3. The used resin composi 
tion was also the same as that in Example 1. 
0079. In the present example too, a liquid crystal display 
device could be obtained which had hardly any warping of the 
protective panel, no display unevenness, and excellent out 
door visibility and impact resistance. 

Example 5 
0080 A liquid crystal display device was produced using 
the same protective panel as in Example 1, by pasting the 
protective panel on the liquid crystal display panel according 
to the method illustrated in FIG. 3. The used resin composi 
tion was the same as that in Example 2. 
I0081. In the present example too, a liquid crystal display 
device could be obtained which had hardly any warping of the 
protective panel, no display unevenness, and excellent out 
door visibility and impact resistance. 

Example 6 
I0082. A liquid crystal display device was produced using 
the same protective panel as in Example 1, by pasting the 
protective panel on the liquid crystal display panel according 
to the method illustrated in FIG. 3. The used resin composi 
tion was the same as that in Example 3. 
I0083. In the present example too, a liquid crystal display 
device could be obtained which had hardly any warping of the 
protective panel, no display unevenness, and excellent out 
door visibility and impact resistance. 

Example 7 
I0084. A liquid crystal display device was produced using 
the same protective panel as in Example 1, by carrying out the 
resin curing during the pasting of the protective panel accord 
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ing to the method illustrated in FIG. 5. The used resin com 
position was the same as that in Example 1. In the present 
example too, a liquid crystal display device could be obtained 
which had hardly any warping of the protective panel, no 
display unevenness, and excellent outdoor visibility and 
impact resistance. 

Example 8 
0085. A liquid crystal display device was produced using 
the same protective panel as in Example 1, by carrying out the 
resin curing during the pasting of the protective panel accord 
ing to the method illustrated in FIG. 5. The used resin com 
position was the same as that in Example 2. In the present 
example too, a liquid crystal display device could be obtained 
which had hardly any warping of the protective panel, no 
display unevenness, and excellent outdoor visibility and 
impact resistance. 

Example 9 

I0086 A liquid crystal display device was produced using 
the same protective panel as in Example 1, by carrying out the 
resin curing during the pasting of the protective panel accord 
ing to the method illustrated in FIG. 5. The used resin com 
position was the same as that in Example 3. In the present 
example too, a liquid crystal display device could be obtained 
which had hardly any warping of the protective panel, no 
display unevenness, and excellent outdoor visibility and 
impact resistance. 

1. An image display device comprising an image display 
panel and a transparent protective panel formed from a plastic 
which are arranged facing each other via a cured resin, 

wherein an outer dimension of the protective panel is made 
larger than an outer dimension of the image display 
panel, and a peripheral edge of the protective panel is 
fixed with a fixing jig. 

2. The image display device according to claim 1, wherein 
the protective panel has a shielding part on a peripheral edge 
thereof with the shielding part being fixed with the fixing jig. 

3. The image display device according to claim 1, compris 
ing a case serving as the fixing jig. 

4. The image display device according to claim3, wherein 
an upper face of the peripheral edge of the protective panel is 
held by the case. 

5. The image display device according to claim3, wherein 
a lower face of the peripheral edge of the protective panel is 
fixed and Supported by the case. 

6. The image display device according to claim 1, wherein 
a Substantially whole face of the image display panel is 
adhered to the cured resin. 

7. An image display device comprising an image display 
panel and a transparent protective panel formed from a plastic 
which are arranged facing each other via a cured resin, 

wherein an outer dimension of the protective panel is Sub 
stantially equal to an outer dimension of the image dis 
play panel, the outer dimension is equal to an inner 
dimension of a case of the protective panel and the image 
display panel, and a substantially whole face of the pro 
tective panel is adhered to the image display panel by the 
cured resin. 

8. The image display device according to claim 1, wherein 
the protective panel is formed from a polymethyl methacry 
late. 
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9. The image display device according to claim 1, wherein 
the cured resin is obtained by curing a resin composition 
having a curing shrinkage ratio of 5% or lower by UV-ray 
irradiation, and has a storage modulus at 25°C. of 1x107Pa or 
lower. 

10. The image display device according to claim 9, wherein 
the resin composition contains at least one kind of polymer 
selected from the group consisting of a polyurethane acrylate, 
a polyisoprene-based acrylate or an ester thereof, a hydroge 
nated terpene resin, and abutadiene polymer; at least one kind 
of acrylate monomer selected from the group consisting of 
isobornyl acrylate, dicyclopentenyl oxyethyl methacrylate, 
and 2-hydroxybutyl methacrylate; and a photopolymeriza 
tion initiator. 

11. The image display device according to claim 1, wherein 
the image display panel is a liquid crystal display panel. 

12. A method for producing an image display device com 
prising the steps of arranging an image display panel and a 
transparent protective panel formed from a plastic to face 
each other via a resin composition, and curing the resin com 
position, 

wherein an outer dimension of the protective panel is made 
larger than an outer dimension of the image display 
panel, and the resin composition is cured in a state where 
a peripheral edge of the protective panel is fixed with a 
fixing jig. 

13. The method for producing an image display device 
according to claim 12, wherein the protective panel has a 
shielding part on the peripheral edge thereof, and the resin 
composition is cured in a state where the shielding part is 
fixed with the fixing jig. 

14. The method for producing an image display device 
according to claim 12, wherein a case is used as the fixingjig. 

15. The method for producing an image display device 
according to claim 14, wherein the resin composition is cured 
while an upper face of the peripheral edge of the protective 
panel is held by the case. 

16. The method for producing an image display device 
according to claim 14, wherein the resin composition is cured 
while a lower face of the peripheral edge of the protective 
panel is fixed with the case. 

17. A method for producing an image display device com 
prising the steps of arranging an image display panel and a 
transparent protective panel formed from a plastic to face 
each other via a resin composition, and curing the resin com 
position, wherein an outer dimension of the protective panel 
is made substantially equal to an outer dimension of the image 
display panel, the outer dimension is made substantially equal 
to an inner dimension of a case of the protective panel and the 
image display panel, and the resin composition is cured in the 
case in a state where a substantially whole face of the protec 
tive panel is in contact with the resin composition. 

18. The method for producing an image display device 
according to claim 12, wherein the resin composition is cured 
by UV-ray irradiation. 

19. The method for producing an image display device 
according to claim 12, wherein the resin composition has a 
curing shrinkage ratio of 5% or lower and a cured resin 
thereofhas a storage modulus at 25° C. of 1x107 Pa or lower. 

20. The method for producing an image display device 
according to claim 19, wherein the resin composition con 
tains at least one kind of polymer selected from the group 
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consisting of a polyurethane acrylate, a polyisoprene-based dicyclopentenyl oxyethyl methacrylate, and 2-hydroxybutyl 
acrylate or an ester thereof, a hydrogenated terpene resin, and methacrylate; and a photopolymerization initiator. 
a butadiene polymer; at least one kind of acrylate monomer 
selected from the group consisting of isobornyl acrylate, ck 


