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There is provided a resin sheet that achieves improvement in 
lightweight, low-pro?le and high impact characteristics, 
suppresses thermal shrinkage and expansion and is excellent 
in light transparency so as to prevent the display quality or 
the like of a display device from being deteriorated, as Well 
as a substrate for a display device, a display device and a 
substrate for a solar cell, each having the aforesaid resin 
sheet. A resin sheet includes a cured resin layer containing 
a glass ?ber cloth-like material and an overcoat layer 
laminated on the cured resin layer to have a surface rough 
ness Rt of 200 nm or less, and is structured to have a haZe 
value of 10% or loWer. 
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RESIN SHEET, LIQUID CRYSTAL CELL 
SUBSTRATE, LIQUID CRYSTAL DISPLAY 

DEVICE, SUBSTRATE FOR AN 
ELECTROLUMINESCENCE DISPLAY DEVICE, 
ELECTROLUMINESCENCE DISPLAY DEVICE, 
AND A SUBSTRATE FOR A SOLAR CELL 

FIELD OF THE INVENTION 

[0001] The present invention relates mainly to a resin 
sheet suitable for use in a display device, as Well as a 
substrate for a display device, a display device and a 
substrate for a solar cell, each including the resin sheet. 

BACKGROUND OF THE INVENTION 

[0002] For liquid crystal display devices, electrolumines 
cence display devices and the like, it is proposed to use 
plastic substrates in place of conventional glass substrates 
for progress in making displays lightWeight, loW-pro?le and 
high impact. Whilst substrates of the above type are required 
to have a loW coef?cient of thermal expansion, plastic 
substrates may pose a problem of causing misalignment 
When forming, for example, electrodes or color ?lters, due 
to thermal shrinkage and expansion, since plastic has a 
higher coef?cient of linear expansion than glass. 

[0003] Although those of various active matrix driving 
types are recently used especially in the ?eld of liquid crystal 
display devices thanks to the excellent display quality com 
pared With passive matrix driving types, the above problem 
is more signi?cant in the liquid crystal display devices of the 
active matrix driving types because they are required to have 
a loWer coef?cient of thermal expansion than the passive 
matrix driving types. 

[0004] Another problem associated With plastic substrates 
is that the mechanical strength thereof is relatively loW. 

[0005] In light of the above problems, there is proposed a 
resin sheet for a substrate that includes a cured resin layer 
having a glass ?ber cloth-like material embedded therein by 
impregnating the glass ?ber cloth-like material With a pre 
cured resin, molding it into a sheet and curing the same, in 
Which the glass ?ber cloth-like material is formed by Weav 
ing glass ?bers into cloth (Patent documents 1, 2 referred 
beloW). 
[0006] Patent Document 1: Of?cial Gazette of Japanese 
Patent Application Laid-open No. 2003-50384 

[0007] Patent Document 2: Of?cial Gazette of Japanese 
Patent Application Laid-open No. Hei-l l-28l2 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

[0008] HoWever, in a resin sheet for a substrate manufac 
tured by embedding a glass ?ber cloth-like material in a 
cured resin layer, the cured resin layer is resultingly made up 
of tWo components, namely glass and resin, and therefore 
light transmitted therethrough may be diffused causing 
undesirable effects on light transparency. 

[0009] The thus arranged resin sheet is easy to have an 
irregular surface due to the shape of the glass ?ber cloth-like 
material, Which may cause undesirable effects on light 
transparency. 
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[0010] Accordingly, it is an object of the present invention 
to provide a resin sheet that achieves improvement in 
lightWeight, loW-pro?le and high impact characteristics, 
suppresses thermal shrinkage and expansion and is excellent 
in light transparency so as to prevent the display quality or 
the like of a display device from being deteriorated, as Well 
as providing a substrate for a display device, a display 
device and a substrate for a solar cell, each having the 
aforesaid resin sheet. 

Means of Solving the Problems 

[0011] In consideration of the above problems, according 
to the present invention, there is provided a resin sheet, 
characterized in that it includes a cured resin layer contain 
ing a glass ?ber cloth-like material and an overcoat layer 
laminated on the cured resin layer to have a surface rough 
ness Rt of 200 nm or less, and is structured to have a haze 
value of 10% or loWer. 

[0012] In the present invention, a haze value maybe mea 
sured according to, for example, JIS K 7136, and is mea 
sured speci?cally by using a commercially available 
hazemeter (e.g., “HM-150”, trade name; manufactured by 
Murakami Color Research Laboratory). 

Effects of the Invention 

[0013] With the resin sheet of the present invention, the 
cured resin layer containing the glass ?ber cloth-like mate 
rial as provided can realize lightWeight, loW-pro?le, and 
improvement in impact resistance, and suppress thermal 
shrinkage and expansion. Therefore, it is possible to prevent 
misalignment of an electrode, a color ?lter or the like as 
mentioned above When used as a liquid crystal cell substrate 
for forming a liquid crystal panel. 

[0014] In the resin sheet of the present invention, an 
overcoat layer is laminated on the cured resin layer to have 
a surface roughness of 200 nm or less, thereby eliminating 
unevenness due to the glass ?ber cloth-like material; and the 
resin sheet is structured to have a haze value of 10% or 
loWer, thereby achieving reduced light diffusion and thus 
providing a resin sheet that is remarkably excellent in light 
transparency. Therefore, When used as a liquid crystal cell 
substrate, a substrate for an electroluminescence display 
device or the like, the display quality of a display device 
becomes excellent. Furthermore, a substrate for a solar cell 
including the resin sheet may contribute to the improvement 
in poWer generating e?iciency of the solar cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a cross sectional vieW illustrating a resin 
sheet according to one embodiment. 

[0016] FIG. 2 is a cross sectional vieW illustrating a resin 
sheet according to another embodiment. 

DESCRIPTION OF THE REFERENCE CODES 

[0017] 
[0018] 
[0019] 
[0020] 
[0021] 
[0022] 

1: cured resin layer 

2: glass ?ber cloth-like material 

3: overcoat layer 

4: gas barrier layer 

5: hard-coat layer 

10: resin sheet 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0023] As illustrated in FIG. 1, a resin sheet 10 of the 
present invention includes a cured resin layer 1 containing a 
glass ?ber cloth-like material 2, and overcoat layers 3 
laminated on the cured resin layer 1 to have a surface 
roughness Rt of 200 nm or less, and is structured to have a 
haZe value of 10% or loWer. 

[0024] Examples of the glass ?ber cloth-like material 
include fabric, non-Woven fabric and knitted fabric; and 
speci?cally knoWn commercially available products such as 
glass non-Woven fabric, roving cloth, chopped strand mat 
and unidirectional Woven roving (cord fabric), as Well as 
commonly used glass cloth produced by Weaving yarns can 
be used. 

[0025] The glass ?ber cloth-like material has a density 
preferably in a range from 10 to 500 g/m2, more preferably 
in a range from 20 to 350 g/m2 and still more preferably in 
a range from 30 to 250 g/m2. The glass ?ber has a ?lament 
diameter of preferably 3 to 15 pm, more preferably 5 to 13 
um, and still more preferably 5 to 10 pm. As a material of 

/\ v” 
(1) 
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include bisphenol types such as bisphenol A type, bisphenol 
F type, bisphenol S type, and hydrogenated epoxies derived 
from these; novolak types such as phenol novolak type and 
cresol novolak type; nitrogen-containing cyclic types such 
as triglycidyl isocyanurate type and hydantoin type; alicyclic 
types; aliphatic types; aromatic types such as naphthalene 
type; loW-Water-absorption types such as glycidyl ether type 
and biphenyl type; dicyclo types such as dicyclopentadiene 
type; ester types; etherester types; and modi?cations of 
these. 

[0030] Of these epoxy resins, preferred epoxy resins from 
the standpoints of unsusceptibility to discoloration, etc., are 
bisphenol A type epoxy resin, alicyclic type epoxy resin and 
triglycidyl isocyanulate type epoxy resin. These epoxy res 
ins may be used alone or in combination of tWo or more 
thereof. 

[0031] Examples of the dicyclopentadiene type epoxy 
resin (an epoxy resin having the skeleton of dicyclopenta 
diene) include epoxy resins respectively represented by the 
folloWing formula (1), (2). In the formula (2), n represents 
an integer of l to 3. 

Formula I 

Formula 2 
O—CH2—CH—CH2 

(2) 

the glass ?ber, soda glass, borosilicate glass, no alkali glass, 
etc., are used; and of them, no alkali glass is preferable since 
alkali components may cause undesirable effects on a TFT 
or the like. 

[0026] The glass ?ber cloth-like material has a thickness 
of preferably 10 to 500 um, more preferably 15 to 350 um 
and still more preferably 30 to 250 um. 

[0027] As a resin forming a cured resin layer, thermoset 
ting resins or UV curing resins, such as polyethersulfone, 
polycarbonate, epoxy resins, acryl resins or various optical 
polyole?n resins may be used. Of them, epoxy resins are 
preferably used since they are excellent in surface smooth 
ness and color hue. 

[0028] The cured resin layer has a thickness of preferably 
20 to 800 um. With a thickness of less than 20 um, poor 
strength or sti?fness may be caused, and With a thickness of 
more than 800 um, advantages of a resin sheet such as loW 
pro?le and light Weight may be decreased. 

[0029] As an epoxy resin for forming a cured resin layer, 
it is possible to use hitherto knoWn epoxy resins, Which 

[0032] By the use of the epoxy resin represented by the 
formula (1) or (2), it is possible to control the thicknessWise 
retardation of a resin sheet to a small value. When the 
thicknessWise retardation is small, it is possible to suppress 
light leakage in an oblique direction in a black display mode 
When the laminated ?lm is used in a liquid crystal display 
device. Thus, the display characteristics are more improved. 

[0033] From the standpoint of improving, for example, the 
?exibility or strength of a resin sheet to be formed, the epoxy 
resin preferably has an epoxy equivalent of 100 to 1000 
(g/eq) and a softening point of 120° C. or beloW. The epoxy 
resin preferably remains in a liquid state at ordinal tempera 
ture (e.g., 5 to 35° C.). For forming a resin sheet, it is 
preferable to use a tWo-component epoxy resin that remains 
in a liquid state at a temperature equal to or loWer than the 
temperature at Which the coating is carried out, or particu 
larly at ordinal temperature, since it is excellent in spreading 
property and coatability. 
[0034] The cured resin layer may be mixed With various 
types of additives other than resins, according to needs and 
circumstances. 
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[0035] Examples of the additives include curing agents, 
curing accelerators, age resistors, modifying agents, surfac 
tants, colorants, pigments, discoloration inhibitors and UV 
absorbers. 

[0036] Examples of the curing agent include Without limi 
tation organic acid compounds such as tetrahydrophthalic 
acid, methyltetrahydrophthalic acid, hexahydrophthalic acid 
and methylhexahydrophthalic acid, and amine compounds 
such as ethylenediamine, propylenediamine, diethylenetri 
amine, triethylenetetramine, amine adducts thereof, meth 
aphenylenediamine, diaminodiphenylmethane and diamino 
diphenylsulfone. These may be used alone or in combination 
of tWo or more thereof. 

[0037] Further examples of the curing agent include amide 
compounds such as dicyandiamide and polyamide, 
hydraZide compounds such as dihydraZide, imidaZole com 
pounds such as methylimidaZole, 2-ethyl-4-methylimida 
Zole, ethylimidaZole, isopropylimidaZole, 2,4-dimethylimi 
daZole, phenylimidaZole, undecylimidaZole, 
heptadecylimidaZole and 2-phenyl-4-methylimidaZole, imi 
daZoline compounds such as methylimidaZoline, 2-ethyl-4 
methylimidaZoline, ethylimidaZoline, isopropylimidaZoline, 
2,4-dimethylimidaZoline, phenylimidaZoline, undecylimida 
Zoline, heptadecylimidaZoline and 2-phenyl-4-methylimida 
Zoline, phenol compounds, urea compounds and polysul?de 
compounds. 
[0038] In addition, acid anhydrides and the like may be 
used as the curing agent, and these acid anhydrides are 
preferably used from the standpoints of, for example, dis 
coloration inhibiting characteristics. Examples of these acid 
anhydrides include phthalic anhydride, maleic anhydride, 
trimellitic anhydride, pyromellitic anhydride, nadic anhy 
dride, glutaric anhydride, tetrahydrophthalic anhydride, 
methyltetrahydrophthalic anhydride, hexahydrophthalic 
anhydride, methylhexahydrophthalic anhydride, methyl 
nadic anhydride, dodecenylsuccinic anhydride, dichlorosuc 
cinic anhydride, benZophenonetetracarboxylic anhydride 
and chlorendic anhydride. Of these acid anhydrides, it is 
preferable to use colorless or pale yelloW acid anhydride 
curing agents having a molecular Weight of from about 140 
to about 200, such as phthalic anhydride, tetrahydrophthalic 
anhydride, hexahydrophthalic anhydride, methylhexahydro 
phthalic anhydride or methylnadic anhydride. 

[0039] When an epoxy resin is used as a resin that forms 
the cured resin layer, no limitation is intended on the amount 
of the curing agent to be added in the epoxy resin; but When 
an acid anhydride curing agent is used as a curing agent, an 
acid anhydride is added in an amount of, for example, 
preferably from 0.5 to 1.5 equivalents, and more preferably 
from 0.7 to 1.2 equivalents, per equivalent of epoxy group 
in the epoxy resin. With the acid anhydride curing agent 
added in an amount of 0.5 equivalents or more, it is possible 
to make the color tint after curing more signi?cant, and With 
being 1.5 equivalents or less, satisfactory moisture resis 
tance can be kept. In a case Where a different curing agent 
is used, or tWo or more types of the curing agents are used, 
it is possible to mix them according to the aforesaid equiva 
lent ratio. 

[0040] Examples of the curing accelerator include Without 
limitation tertiary amines, imidaZoles, quaternary ammo 
nium salts, quaternary phosphonium salts, organic metal 
salts, phosphorus compounds and urea compounds, and of 
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them, tertiary amines, imidaZoles and quaternary phospho 
nium salts are preferable. These curing accelerators may be 
used alone or in combination of tWo or more thereof. 

[0041] The amount of the curing accelerator to be added in 
the cured resin layer is not limited to a speci?c amount, but 
may be determined depending on the type of the resin or the 
like. For example, When an epoxy resin is used, the curing 
accelerator is added in an amount of preferably from 0.05 to 
7.0 parts by Weight, and more preferably from 0.2 to 3.0 
parts by Weight, per 100 parts by Weight of the epoxy resin. 
With the curing accelerator added in an amount of 0.05 parts 
by Weight or more, satisfactory curing acceleration effect 
can be produced, and When in an amount of 7.0 parts by 
Weight or less, it is possible to make the color tint after 
curing signi?cant. 
[0042] Examples of the age resistor include Without limi 
tation phenol compounds, amine compounds, organic sul 
phur compounds, phosphine compounds and other hitherto 
knoWn compounds. 

[0043] Examples of the modifying agent include Without 
limitation glycols, silicones, alcohols and other hitherto 
knoWn compounds. 

[0044] Examples of the surfactant include various types of 
surfactants such as silicone, acrylic or ?uorinated surfac 
tants. Of them, silicone surfactant is preferable. These 
surfactants are added to smoothen the surface of a resin sheet 
When the resin sheet is to be formed, for example, by curing 
a resin in contact With air by a ?oW-casting method or the 
like. 

[0045] In a resin sheet of the present invention, the abso 
lute value of the difference in refractive index betWeen a 
resin, Which forms a cured resin layer, and a glass ?ber 
cloth-like material is from 0 to 0.01, preferably from 0 to 
0.008, and more preferably from 0 to 0.006. The absolute 
value of the difference in refractive index is preferably equal 
to or less than 0.01, since interface scattering betWeen the 
glass ?ber cloth-like material and the resin, Which forms a 
cured resin layer, in the cured resin layer is suppressed, 
thereby enabling decreasing the haZe and hence satisfacto 
rily maintaining the original transparency of the cured resin 
layer. 
[0046] The refractive index may be measured by use of an 
Abbe refractometer at 250 C. and 589 nm. 

[0047] MeanWhile, the overcoat layer 3 of the resin sheet 
10 of the present invention is laminated on the cured resin 
layer 1 to have a surface roughness Rt of 200 um or less, and 
preferably laminated on the cured resin layer 1 to have a 
surface roughness Rt of 100 pm or less. As illustrated in FIG. 
1, overcoat layers 3 are preferably laminated on the front and 
back sides of the cured resin layer 1. 

[0048] The overcoat layer(s) as provided makes it possible 
to eliminate unevenness due to, for example, the shape of a 
glass ?ber cloth-like material and the difference in shrinkage 
ratio betWeen a glass ?ber cloth-like material and a resin, 
and hence produce a resin sheet that is excellent in surface 
smoothness and transparency. 

[0049] In the present invention, the “surface roughness 
Rt” represents a difference betWeen a maximum value and a 
minimum value, Which are obtained by measurement using 
a stylus type surface roughness meter (e.g., “P-ll”, trade 
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name; manufactured by KLA-Tencor Ltd.) under a condition 
of a long Wavelength cut-off of 800 pm, a short Wavelength 
cut-off of 250 um, and an evaluation length of 10 mm. 

[0050] From the standpoint of producing excellent surface 
smoothness and preventing gap-unevenness in a display 
device and thus making the image of the image display more 
clear, the overcoat layer has a thickness of preferably 5 to 70 
um and more preferably 10 to 30 um. 

[0051] In a case Where overcoat layers are laminated on 
both the front and back sides of the cured resin layer, the 
overcoat layers on the front and back sides each have such 
a thickness as to have a thickness difference of preferably 10 
pm or less therebetWeen from the standpoint of preventing 
curling of a resin sheet. 

[0052] As a resin for forming the overcoat layer, although 
no limitation is intended, a resin that is cured at room 
temperature is preferably used since there is no shrinkage 
after being cured. Examples of a resin that is cured at room 
temperature include UV curing resins using cationic photo 
initiator. Of them, a mixture of an oxetane resin and an 
epoxy resin is preferably used since it is excellent in 
chemical resistance. 

[0053] From the standpoint of improving the transparency, 
the refractive index difference of a resin of the overcoat layer 
relative to the resin of the cured resin layer is preferably 0.03 
or less. 

[0054] According to needs and circumstances, antioxi 
dant, UV absorber, colorant, pigment, inorganic ?ller, sur 
factant or any other knoW additive may be added to the 
overcoat layer. When adding inorganic ?ller, nanoparticles 
(particle siZe of 100 nm or less) are preferable since they do 
not cause undesirable effects on the transparency of a resin 
sheet. 

[0055] A resin sheet of the present invention is preferably 
structured so as to have a coef?cient of linear expansion 
being equal to or less than 3.00><l0_5/° C. at a temperature 
from 250 C. to 160° C., by having a glass ?ber cloth-like 
material contained therein, as mentioned above. 

[0056] When the coef?cient of linear expansion is equal to 
or less than 3 .00><l0_5/° C. for a laminated ?lm of the present 
invention, Which is used as, for example, a liquid crystal cell 
substrate on Which a color ?lter, an electrode, etc., are 
formed, it is possible to satisfactorily suppress misalignment 
or the like therebetWeen due to thermal expansion, and 
hence more easily form a color ?lter, etc. The coe?icient of 
linear expansion is more preferably equal to or less than 
2.00><l0_5/o C., and still more preferably equal to or less 
than l.5><l0_5/o C. 

[0057] The coef?cient of linear expansion is determined 
by obtaining a TMA measured value by the TMA method 
speci?ed in JIS K 7197 and substituting it into the folloWing 
expression. In the folloWing expression, AIs(Tl) and AIs(T2) 
represent TMA measured values (um) respectively obtained 
at a temperature Tl(o C.) and a temperature T2(o C.), at 
Which the measurement is carried out, and LO represents a 
length (mm) of an object to be measured, at a room 
temperature of 23° C. 

Coefficient of linear expansion=[l/(LO>< l 03)] 
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[0058] The resin sheet 10 of the present invention has a 
haZe value of 10% or loWer, and preferably 8% or loWer and 
more preferably 5% or loWer from the standpoint of pro 
ducing more excellent transparency of the resin sheet and 
further improving the display quality of a display device. 

[0059] A resin sheet of the present invention is preferably 
structured to have a light transmittance of 88% or higher by 
having the refractive index difference betWeen the cured 
resin layer and the glass ?ber cloth-like material being 0.01 
or less. 

[0060] When the light transmittance is 88% or higher, it is 
possible to provide more crisp characters or images in 
various types of image display devices, and thus achieving 
more excellent display quality, When those image display 
devices each are assembled by using a resin sheet of the 
present invention as a liquid crystal cell substrate, a substrate 
for an electroluminescence display device, or the like. 

[0061] The light transmittance may be determined by 
measuring a total transmittance of light rays With a Wave 
length of 550 nm, using a high-speed spectrophotometer. 

[0062] A method of manufacturing a resin sheet of the 
present invention is not necessarily limited to a speci?c 
method. 

[0063] The cured resin layer may be manufactured by any 
proper technique, provided that a glass ?ber cloth-like 
material is impregnated With a resin and curing is made after 
that such as by a cast molding technique, a floW-casting 
technique, an impregnation technique, a coating technique 
or the like. 

[0064] The overcoat layer may be formed by any proper 
technique, such as by coating a resin, Which forms the 
overcoat layer, on the cured resin layer by ?oW-casting by 
using a die coater or the like, and then curing the resin. 

[0065] A resin sheet of the present invention is preferably 
a laminated body that further includes at least one of a 
hard-coat layer, Which is harder than the cured resin layer, 
and a gas barrier layer, Which is more excellent in gas barrier 
properties than the cured resin layer. Particularly, as illus 
trated in FIG. 2, the resin sheet is preferably a laminated 
body that includes both a hard-coat layer 5 and a gas barrier 
layer 4 With the hard-coat layer 5 laminated as an outermost 
layer. With the hard-coat layer laminated as an outermost 
layer, it is possible to improve abrasion resistance, etc., of 
the resin sheet. In various types of image display devices 
such as a liquid crystal display device, When moisture or 
oxygen passes through a liquid crystal cell substrate and 
enters the inside of the liquid crystal cell, the quality of a 
liquid crystal changes and bubbles are formed, Which may 
cause poor appearance, break of a conductive layer pattern 
or the like. HoWever, the gas barrier layer as laminated can 
prevent passing-through of gas such as moisture and oxy 
gen. The hard-coat layer and the gas barrier layer may be 
laminated on either side or both may be laminated on each 
of both sides. HoWever, it is preferable to laminate a 
hard-coat layer on at least one side, on Which a polariZing 
plate is not laminated. 

[0066] In a case Where both a hard-coat layer and a gas 
barrier layer are laminated, the order, in Which they are 
laminated, is not necessarily limited to a speci?c order; but 
it is preferable to laminate ?rst a gas barrier layer and then 
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a hard-coat layer onto the cured resin layer. Particularly, the 
hard-coat layer is preferably laminated as an outermost layer 
since it is excellent in impact resistance, chemical resistance, 
etc. 

[0067] Examples of a material for forming the hard-coat 
layer include Without limitation urethane resins, acrylic 
resins, polyester resins, polyvinyl alcohol resins such as 
polyvinyl alcohol, ethylene vinyl alcohol copolymer, vinyl 
chloride resins and vinylidene chloride resins. For example, 
it is possible to use polyarylate resins, sulfone resins, amide 
resins, imide resins, polyether sulfone resins, polyether 
imide resins, polycarbonate resins, silicone resins, ?uorores 
ins, polyole?n resins, styrene resins, vinylpyrrolidone res 
ins, cellulose resins, acrylonintrile resins, etc. Of them, 
urethane resins are preferable, and urethane acrylate is more 
preferable. These resins may be used alone or in combina 
tion of tWo or more as a blended resin. 

[0068] Although no limitation is intended, the thickness of 
the hard-coat layer is, for example, in a range from 0.1 to 50 
um, preferably from 0.5 to 8 um, and more preferably from 
2 to 5 um, from the standpoints of ease to remove and 
prevention of occurrence of cracking due to the removal, 
When manufacturing. 

[0069] The gas barrier layer is categorized into, for 
example, an organic gas barrier layer and an inorganic gas 
barrier layer. Examples of a material for forming the organic 
gas barrier layer include Without limitation polyvinyl alco 
hol and a partially saponi?ed product thereof, vinyl alcohol 
polymers such as ethylene vinyl alcohol copolymer, mate 
rials With loW oxygen-permeability such as polyacryloni 
trile, and polyvinylidene chloride. Of these materials, vinyl 
alcohol polymers are particularly preferably used from the 
standpoint of their high gas barrier properties. 

[0070] From the standpoints of, for example, functionality 
in terms of transparency, prevention of coloration, gas 
barrier properties and the like, as Well as reduction in 
thickness, ?exibility of a resulting resin sheet and the like, 
the thickness of the organic gas barrier layer is, preferably 10 
pm or smaller, more preferably from 2 to 10 um, and still 
more preferably from 3 to 5 um. In the resin sheet, With the 
thickness being 10 pm or smaller, a loWer yelloW color index 
(Y1 value) may be maintained, and With the thickness being 
2 pm or greater, satisfactory gas barrier performance can be 
maintained. 

[0071] MeanWhile, as a material for forming an inorganic 
gas barrier layer, for example, transparent materials such as 
silicon oxides, magnesium oxides, aluminum oxides, Zinc 
oxides and the like may be used. Of these materials, silicon 
oxides and silicon nitrides are preferably used from the 
standpoints of, for example, their excellent gas barrier 
properties, adhesion to the substrate layer and the like. 

[0072] Preferably, the silicon oxides have, for example, a 
ratio of the number of oxygen atoms to the number of silicon 
atoms of 1.5 to 2.0 for the folloWing reason. That is, With this 
ratio, the inorganic gas barrier layer is improved further in 
terms of, for example, gas barrier properties, transparency, 
surface smoothness, bending properties, membrane stress, 
cost, and the like. In the silicon oxides, the maximum value 
of the ratio of the number of oxygen atoms to the number of 
silicon atoms is 2.0. 
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[0073] The silicon oxides preferably have a ratio (Si:N) of 
the number of nitrogen atoms (N) to the number of silicon 
atoms (Si) of 1:1 to 3:4. 

[0074] Although no limitation is intended, the inorganic 
gas barrier layer has a thickness preferably in a range of, for 
example, from 5 to 200 nm. With the thickness being 5 nm 
or greater, for example, more excellent gas barrier properties 
can be obtained, and With the thickness being 200 nm or 
smaller, the inorganic gas barrier layer is improved also in 
terms of transparency, bending properties, membrane stress, 
and cost. 

[0075] When a resin sheet of the present invention is a 
laminated body, its thickness, Which varies depending on the 
number of layers laminated, is preferably for example in the 
range from 30 to 800 pm. The resin sheet having such a 
thickness fully exerts advantages of the resin sheet, namely 
excellent strength and stiffness, loW-pro?le, lightWeight, etc. 

[0076] The method of laminating a hard-coat layer, a gas 
barrier layer, etc., is not necessarily limited to a speci?c 
method, and they may be laminated by any appropriate 
method on a cured resin layer or an overcoat layer formed 
on the cured resin layer. 

[0077] A resin sheet of the present invention may be used 
for various purposes, and may be appropriately used for a 
liquid crystal cell substrate, a substrate for an electrolumi 
nescence display device and a substrate for a solar cell. 

[0078] A liquid crystal display device is generally made up 
of a polarizing plate, a liquid crystal cell and a re?ection 
plate or a backlight, as Well as any elements such as other 
optical parts appropriately assembled according to needs and 
circumstances, and a driving circuit incorporated thereinto. 
A liquid crystal display device of the present invention may 
be made up of those elements in the same manner as a 
conventional device, except that a liquid crystal cell is 
formed by using a liquid crystal cell substrate that employs 
the aforesaid resin sheet. 

[0079] Therefore, it is possible to combine the aforesaid 
resin sheet With an appropriate optical part such as a 
diffusion plate, an antiglare layer, an antire?ection ?lm, a 
protection layer or a protection plate provided on a polar 
iZing plate on a visible side, or a compensating retardation 
plate provided betWeen a liquid crystal cell and a polariZing 
plate on a visible side. 

[0080] An electroluminescence display device has a lumi 
nescence element that is generally made up of a transparent 
electrode, an organic luminant layer containing a luminant 
(an organic electroluminescence ruminant) and a metal 
electrode laminated in a certain order on a transparent 
substrate. An electroluminescence display device of the 
present invention may be made up of those elements in the 
same manner as a conventional device, except that the 
aforesaid resin sheet is used as the transparent substrate. 

EXAMPLES 

[0081] The present invention Will be described by citing 
the folloWing examples, Which are not intended to limit the 
present invention. 

Example 1 
[0082] An epoxy resin liquid Was prepared by stirring and 
mixing: 35.9 parts by Weight (hereinafter referred only to 
parts) of 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohex 
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ane carboxylate represented by the following formula (3) 
and 10.1 parts of a dicyclopentadiene type epoxy resin 
(“EXA-7230”, trade name (epoxy equivalent of 259); manu 
factured by Dainippon Ink And Chemicals, Incorporated) 
represented by the following formula (4); as a curing agent, 
52.9 parts of methylnadic anhydride; and as a curing accel 
erator, 1.1 parts of tetra-n-butylphosphonium o,o-dieth 
ylphosphorodithioate represented by the folloWing formula 
(5). 

(3) 
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[0085] Then, a resin solution for forming an overcoat layer 
Was prepared by uniformly mixing: 91 parts of an oxetane 
resin (“ARON OXETANE OXT-221”, trade name; manu 
factured by Toagosei Co., Ltd.); 4.8 parts of 3,4-epoxycy 
clohexylmethyl-3,4-epoxycyclohexane carboxylate repre 
sented by the formula (3); and 4.3 parts of a photocationic 
initiator (“ADEKA OPTOMER SP-170”, trade name; manu 
factured by Asahi Denka Co., Ltd.). 

Formula 3 

Formula 4 
O—CH2—CH—CH2 

(5) 

[0083] Then, the aforesaid epoxy resin liquid Was impreg 
nated into a glass ?ber cloth-like material (“NEA2116F 
S136”, trade name; manufactured by Nitto Boseki Co., Ltd., 
a refractive index of 1.513, a thickness of 90 um), and left 
to stand for 60 minutes under a condition of a reduced 

pressure (200 Pa). 

[0084] Then, a hard-coat layer having a thickness of 2 pm 
Was formed by ?oW-casting a toluene solution having 17 
Weight % of urethane acrylate represented by the folloWing 
formula (6) from a die onto an endless belt of stainless steel 
at a running speed of 0.3 m/min., air-drying it to volatiliZe 
toluene and curing the remaining by using a UV curing 
device. Subsequently, the glass ?ber cloth-like material With 
the epoxy resin liquid impregnated thereinto Was laminated 
thereon, and Was cured by using a heating device. Thus, a 
laminate With the hard-coat layer and the cured resin layer 
laminated together, having a thickness of 100 um, Was 
obtained. According to the measurement, a portion of the 
cured resin layer other than the glass ?ber cloth-like material 
had a refractive index of 1.522 and had a refractive index 
difference of 0.009 With respect to the glass ?ber cloth-like 
material. 

Formula 6 

(6) 

Formula 5 

[0086] Then, the laminate of the hard-coat layer and the 
cured resin layer Was removed from the endless belt and left 
to stand for 1 hour at 2000 C. on a glass plate in an 
atmosphere With an oxygen concentration of 0.1%, Which 
atmosphere being achieved by nitrogen substitution, and 
then post-curing Was done. Then, a resin sheet With an 
overcoat layer formed on its surface layer Was prepared by 
coating a resin solution for forming the overcoat layer on the 
cured resin layer to have a thickness of 30 pm by How 
casting coating by a continuous die coater (manufactured by 
Chugai Ro Co., Ltd.), then placing it betWeen glass plates 
each having a thickness of 5 mm, radiating UV light and 
thereby curing the resin. The UV light expo sure amount Was 
1000 mJ/cm2. 

Example 2 

[0087] A resin sheet Was prepared in the same manner as 
in Example 1 except that, of the resins for forming an 
overcoat layer, the other oxetane resin (“ARON OXETANE 
OXT-121”, trade name; manufactured by Toagosei Co., 
Ltd.) Was used as an oxetane resin. 

Comparative Example 1 

[0088] A resin sheet Was prepared in the same manner as 
in Example 1 except that an overcoat layer Was not formed. 

Comparative Example 2 

[0089] A resin sheet Was prepared in the same manner as 
in Example 1 except that a glass cloth (manufactured by 
Nitto Boseki Co., Ltd.) having a refractive index of 1.558 
and a thickness of 100 um Was used as a glass ?ber cloth-like 
material, and an overcoat layer Was not formed. In a cured 
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resin layer, the refractive index difference between a portion 
other than the glass ?ber cloth-like material and the glass 
?ber cloth-like material Was 0.036. 

[0090] (Evaluation Test) 
[0091] For the resin sheets of Examples and Comparative 
Examples, measurement Was made for each of the coeffi 
cient of linear expansion, bending properties, light transmit 
tance and surface roughness. The measurements each Were 
made as folloWs: 

[0092] Coef?cient of Linear Expansion (/0 C.): Using a 
TMA/SS150C, trade name (manufactured by Seiko Instru 
ments lnc.), TMA values (pm) at temperatures of 250 C. and 
160° C. Were respectively measured, and determination Was 
performed. 
[0093] Bending Properties: Each of the resin sheets Was 
Wound around a steel mast having a diameter of 35 mm, and 
a visual observation Was performed to check if a crack had 
been caused. 

[0094] Light Transmittance: A light transmittance of 
7t=550 nm Was measured using a high-speed spectropho 
tometer (“CMS-500”, trade name; manufactured by 
Murakami Color Research Laboratory, using a halogen 
lamp). 

[0095] Surface Roughness: A surface roughness (dilfer 
ence betWeen a maximum value and a minimum value) Was 
measured using a stylus type surface roughness meter (“P 
ll”, trade name; manufactured by KLA-Tencor Ltd.) under 
a condition of a long Wavelength cut-olf of 800 pm, a short 
Wavelength cut-olf of 250 um, and an evaluation length of 
10 mm. 

[0096] HaZe Value: With respect to each of the resin 
sheets, a haZe value Was measured using a haZemeter 
(“HM-150”, trade name; manufactured by Murakami Color 
Research Laboratory). 

[0097] The results are shoWn in Table 1. 
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Wise those of the Examples. The resin sheet of Comparative 
Example 2 had a poor surface smoothness compared With 
those of the Examples and a haZe value of 75% and caused 
turbidity or cloudiness, although Was excellent in coef?cient 
of linear expansion, light transmittance and bending prop 
erties likeWise those of the Examples. 

[0099] A transmissive liquid crystal display device Was 
assembled by using the resin sheet of each of the Examples 
and the Comparative Examples, and there Were no problems 
such as misalignment, break or the like in forming an 
oriented ?lm, patterning a color ?lter layer and forming a 
liquid crystal cell. 

[0100] MeanWhile, in a transmissive liquid crystal display 
device using the resin sheet of Comparative Example 1, 
deterioration in image quality, Which is seemed to be due to 
a speci?c surface smoothness of the resin sheet Was con 
?rmed. 

[0101] A transmissive liquid crystal display device using 
the resin sheet of Comparative Example 2 did not fully carry 
out the function as a display device due to turbidity or 
cloudiness on the display. 

1. A resin sheet, characterized in that it comprises a cured 
resin layer containing a glass ?ber cloth-like material and an 
overcoat layer laminated on the cured resin layer to have a 
surface roughness Rt of 200 nm or less, and is structured to 
have a haZe value of 10% or loWer. 

2. A resin sheet according to claim 1, Wherein the refrac 
tive index difference between a resin that forms the cured 
resin layer, and the glass ?ber cloth-like material is 0.01 or 
less. 

3. A resin sheet according to claim 1, Wherein the refrac 
tive index difference between a resin that forms the cured 
resin layer and a resin that forms the overcoat layer is 0.03 
or less. 

4. A resin sheet according to claim 1, Wherein the overcoat 
layer is formed by a UV curing resin. 

TABLE 1 

Comparative Comparative 
Example 1 Example 2 Example 1 Example 2 

Refractive Index 0.009 0.009 0.009 0.036 
Difference 
Overcoat Layer Presence Presence Nil Nil 
Surface Roughness 110 nm 130 nm 500 nm 500 nm 

(Rt) 
Coef?cient of Linear 1.8 X 105/0 c. 1.9 X 105/0 c. 1.8 X 104/0 c. 1.8 X 104/0 0. 
Expansion 
Bending Properties No Crack No Crack No Crack No Crack 
Light 88% 88% 89% 86% 
Transmittance 
Haze Value 5% 5% 5% 75% 

[0098] As shoWn in Table l, the resin sheets of Examples 
1 and 2 each had a loW coef?cient of linear expansion and 
Were excellent in light transmittance and surface smooth 
ness. Also, the bending properties Were excellent. On the 
other hand, the resin sheet of Comparative Example 1 had a 
poor surface smoothness compared With those of the 
Examples, although Was excellent in coe?icient of linear 
expansion, light transmittance and bending properties like 

5. A resin sheet according to claim 4, Wherein the UV 
curing resin is a mixture of an oxetane resin and an epoxy 
resin. 

6. A resin sheet according to claim 1, Wherein a resin that 
forms the cured resin layer is an epoxy resin. 

7. A resin sheet according to claim 1, Whose coef?cient of 
linear expansion is equal to or less than 3.0><l0_5/o C. at 25 
to 1600 C. 
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8. A resin sheet according to claim 1, Whose light trans 
mittance is 88% or more. 

9. Aresin sheet according to claim 1, Wherein a gas barrier 
layer is further laminated. 

10. Aresin sheet according to claim 1, Wherein a hard-coat 
layer is further laminated. 

11. A liquid crystal cell substrate, characterized in that it 
comprises the resin sheet of claim 1. 

12. A liquid crystal display device, characterized in that it 
comprises the liquid crystal cell substrate of claim 11. 
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13. A substrate for an electroluminescence display device, 
characterized in that it comprises the resin sheet of claim 1. 

14. An electroluminescence display device, characterized 
in that it comprises the substrate for the electroluminescence 
display device of claim 13. 

15. A substrate for a solar cell, characterized in that it 
comprises the resin sheet of claim 1. 


