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Description
TECHNICAL FIELD

[0001] This invention relates to a TN liquid crystal dis-
play device, particularly to a TN liquid crystal display de-
vice comprising a TN liquid crystal panel and a front plate,
said front comprising a polycarbonate resin sheet and a
hard resin layer and being capable of reducing occur-
rence of coloring and color unevenness, caused by re-
tardation of the polycarbonate resin sheet and uneven-
ness thereof, even when the liquid crystal display device
is observed through polarizing glasses or liquid crystal
shutter glasses for 3D, while having excellent impact re-
sistance, heat resistance and transparency.

RELATED ART

[0002] For the purpose of protecting a liquid crystal
panel and the like, a front plate of the liquid crystal display
device is provided. Materials used for a conventional front
plate of a liquid crystal display include a (meth)acryl resin
represented by poly(methyl methacrylate) (PMMA).
[0003] Moreover, in recent years, a front plate com-
prising a sheet of polycarbonate resin has been used, in
terms of having high impact resistance, heat resistance,
secondary processability, light weight, transparency and
the like. Particularly, a front plate of a liquid crystal display
device having a hard coat provided on a multiple layer
sheet having an acryl resin laminated on a surface layer
of a polycarbonate resin sheet, which has excellent im-
pact resistance, heat resistance, processability and
transparency of a polycarbonate resin while having sur-
face hardness and scratch resistance equivalent to a
conventional acryl resin with a hard coat, has beenwidely
adopted as a liquid crystal display front plate (For exam-
ple, see Patent Document 1).

[0004] The above front plate of a liquid display device
comprising a polycarbonate resin sheet is typically
formed by a melt extrusion method with an acryl resin.
[0005] Ina polycarbonate resin sheet formed by a melt
extrusion method, molecules constituting a polycar-
bonate resin orientate due to influences of resin temper-
ature, cooling roll temperature, take-up speed and the
like, and cause retardation. Here, "retardation" in the in-
vention is represented by (nx - ny) X d in a nm unit,
wherein nx is the principal refractive index of the slow
axis within a sheet surface, ny is the principal refractive
index of the fast axis, and d is the thickness of a sheet.
[0006] In addition, regarding an acryl resin, since the
appearance of orientated double refraction by stretching
is extremely limited, retardation can be considered to be
substantially 0. Also, since a hard coat layer is a cured
resin product at a non-orientated state having a three
dimensional network structure by a crosslinking reaction
and the thickness is as thin as about a few microns, re-
tardation can similarly be considered to be substantially
0.
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[0007] When a polycarbonate resin sheet with such
retardation is cut aligning the lengthwise and widthwise
sides to the extrusion direction upon production, and
used as a front plate of a liquid crystal display device
transmitting polarized light in the vertical direction of a
TV screen such as VA mode or IPS mode, the transmis-
sion axis of a polarizing plate on the liquid crystal display
device front surface becomes parallel to the fast axis or
the slow axis within a surface of a polycarbonate resin
sheet, and polarized light from a liquid crystal display
device passes through a front plate while maintaining the
vertical direction of a screen. Therefore, when an image
displayed on a liquid crystal display is observed with po-
larizing glasses or TN liquid crystal shutter glasses for
3D with the transmission axis in the vertical direction, a
usual image can be seen unless the head is inclined.
[0008] However, when the polycarbonate resin sheet
described above is used as a front plate of a TN liquid
crystal display device transmitting polarized light at an
angle of 45° widely used as a personal computer monitor
and the like, since the transmission axis of a polarizing
plate on the TN liquid crystal panel front surface and the
fast axis or the slow axis within a surface of a polycar-
bonate resin sheet of a front plate form an angle of 45°,
it is converted into various elliptically-polarized light de-
pending on the above retardation of a front plate and
wavelength. Therefore, there is a problem that when an
image displayed on a liquid crystal display is observed
with polarizing glasses or TN liquid crystal shutter glass-
es for 3D with the transmission axis in the vertical direc-
tion, the light transmittance varies depending on wave-
length, and so-called interference color from parallel
nicols to crossed nicols is observed in an image.

[0009] Furthermore, there is a problem that when re-
tardation of a polycarbonate resin sheet of the above
front plate has unevenness within a surface, it thereby
becomes an image with further poor visibility.

[0010] Patent Document 2 relates to a liquid crystal
display protection plate comprising a scratching-resistant
resin plate in which a cured coating film is disposed on
at least one face of a resin substrate and having an in-
plane retardation value of 85 to 300 nm.

[0011] Patent Document 3 relates to a polarizing plate
with optical compensation layers, comprising a polarizer
and first, second and third optical compensation layers
in this order, wherein the first and second optical com-
pensation layers are defined in terms of their refractive
index profiles and in-plane retardation values.

PRIOR ART DOCUMENT
[0012]
Patent Document 1: JP-A-2006-103169

Patent Document 2: US 2010/060833
Patent Document 3: US 2009/128758
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SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0013] The object of the invention is, by trying to opti-
mize a polycarbonate resin sheet, to provide a TN liquid
crystal display device capable of reducing occurrence of
coloring and color unevenness, caused by retardation of
a polycarbonate resin sheet and unevenness thereof,
even when the liquid crystal panel is observed through
polarizing glasses or liquid crystal shutter glasses for 3D,
while having excellentimpactresistance, heat resistance
and transparency.

Means for Solving the Problem

[0014] The inventors have, as a result of keen exami-
nations to solve the above problem for a front plate of a
TN liquid crystal display device comprising a polycar-
bonate resin sheet and using a white LED light source,
discovered that by making retardation of the polycar-
bonate resin sheet to be as large as not less than 5000
nm, distribution of the retardation on the color diagram
is located on a region near white, and variations of dis-
tribution become lower, so occurrence of coloring and
color evenness can be reduced.

[0015] The invention is made based on such findings,
and the summary is as follows.

(1) ATN liquid crystal display device using white LED
as a light source of a backlight and comprising a TN
liquid crystal panel and a front plate, said front plate
comprising a polycarbonate resin sheet having
lengthwise and widthwise directions and a hard resin
layer with a thickness within a range of 30 to 100 um
and a pencil hardness at alaminated state measured
according to JIS5600-5-4 of at least F or more,
wherein the hard resin layer is obtained by coextru-
sion molding with the polycarbonate resin and is pro-
vided on a front surface or both surfaces of the poly-
carbonate resin sheet, wherein a direction of the slow
axis or a fast axis of the polycarbonate resin sheet
is parallel to a lengthwise direction of the TN liquid
crystal panel transmitting polarized light at an angle
of 45° relative to the lengthwise and widthwise direc-
tions, and retardation is not less than 5000 nm, and
wherein the hard resin layer consists of an acryl res-
in, a nuclear hydrogenated MS resin obtained by hy-
drogenating an aromatic ring of a copolymer ob-
tained by polymerizing at least one kind of (meth)acr-
ylate ester monomer and at least one kind of aro-
matic vinyl monomer, or a modified polycarbonate
resin having 2,2-bis(4-hydroxy-3-methylphenyl)pro-
pane or 2,2-bis(4-hydroxy-3-methylphenyl)cy-
clohexane as a main raw material monomer.

(2) The TN liquid crystal display device according to
the above item (1), wherein a polycarbonate resin
constituting the polycarbonate resin sheet has 2,2-
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bis(4-hydroxyphenyl)propane as a main raw mate-
rial monomer, a viscosity average molecular weight
within a range of 20,000 to 30,000, and a glass tran-
sition temperature within a range of 130 to 160°C.
(3) The TN liquid crystal display device according to
the above item (1), wherein a thickness of the poly-
carbonate resin sheetis withinarange of0.3to 2 mm.
(4) The TN liquid crystal display device according to
the aboveitem (1), wherein the acryl resin has methyl
methacrylate as a main raw material monomer and
a glass transition temperature of not less than 95°C.
(5) The TN liquid crystal display device according to
the above item (1), wherein the nuclear hydrogenat-
ed MS resin is a resin obtained by hydrogenating an
aromatic ring of a copolymer obtained by polymer-
izing methyl methacrylate and styrene, a copolym-
erization ratio of them is within a range of 60:40 to
90:10, and a hydrogenation ratio of an aromatic ring
is not less than 70 %.

(6) The TN liquid crystal display device according to
the above item (1), wherein the modified polycar-
bonate resin is a copolymer of 2,2-bis(4-hydroxy-3-
methylphenyl)propane and 2,2-bis(4-hydroxyphe-
nyl)propane, and a copolymerization ratio of them is
50:50 to 100:0.

(7) The TN liquid crystal display device according to
the above item (1), wherein the modified polycar-
bonate resin is a copolymer of 2,2-bis(4-hydroxy-3-
methylphenyl)cyclohexane and 2,2-bis(4-hydroxy-
phenyl)propane, and a copolymerization ratio of
them is 50:50 to 100:0.

(8) The TN liquid crystal display device according to
the above item (5), having a hard coat membrane
formed on a frontmost surface or both of frontmost
and backmost surfaces of the front plate.

(10) The TN liquid crystal display device according
to the above item (8), wherein the hard coat mem-
brane consists of an ultraviolet curable acryl based
resin composition, a thickness is within a range of 1
to 20 wm, and a pencil hardness at a laminated state
measured according to JIS5600-5-4 is 3H or more.

Effect of the Invention

[0016] By using the TN liquid crystal display device of
the invention, it is possible to perform excellent impact
resistance, heat resistance and transparency, and fur-
ther inhibit occurrence of coloring and color unevenness,
caused by retardation of a polycarbonate resin sheet and
unevenness thereof, even when the liquid crystal panel
is observed through polarizing glasses or liquid crystal
shutter glasses for 3D.

BRIEF EXPLANATION OF DRAWINGS
[0017]

[FIG. 1] FIG. 1 is a view schematically showing a
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cross section of the front plate of a TN liquid crystal
display device according to the invention.

[FIG. 2] FIG. 2 is a view for illustrating a state when
a TN liquid crystal panel is observed through liquid
crystal shutter glasses for 3D.

[FIG. 3] FIG. 3is a graph where wavelength depend-
ency Re (1) of retardation of polycarbonate is stand-
ardized by retardation of 590 nm (sodium D line).
[FIG. 4] FIG. 4 is a graph showing light spectrum S
(1) measured by a light spectrum analyzer after dis-
playing the entire light crystal monitor in white.
[FIG. 5] FIG. 5 is a series of graphs showing distri-
bution on color diagram for variations of retardation
of each sample, wherein (a) shows the case of using
a conventional front plate of a TN liquid crystal dis-
play device, and (b) shows the case of using the front
plate of a TN liquid crystal display device of the in-
vention.

[FIG. 6] FIG. 6 is a series of photographs where an
image of a liquid crystal screen is observed through
TN liquid crystal shutter glasses for 3D, wherein (a)
is the case of using the front plate of a TN liquid
crystal display device of Example and LED as a light
source of a liquid crystal backlight, (b) is the case of
using the front plate of a TN liquid crystal display
device of Comparative Example 1 and CCFL as a
light source of a liquid crystal backlight, (c) is the
case of using the front plate of a TN liquid crystal
display device of Comparative Example 2 and LED
as a light source of a liquid crystal backlight, and (d)
is the case of using the front plate of a TN liquid
crystal display device of Comparative Example 3 and
CCFL as a light source of a liquid crystal backlight.

MODE FOR CARRYING OUT THE INVENTION

[0018] A front plate of a TN liquid crystal panel of the
invention comprises a polycarbonate resin sheet 10, as
shown in FIG. 1. Here, the front surface of a polycar-
bonate resin sheet refers to a surface on the user side
when used for a liquid crystal display, and the back sur-
face refers to a surface on the liquid crystal panel side
when used for a liquid crystal display.

[0019] Moreover, the front plate of a TN liquid crystal
display device of the invention is characterized in that
the direction of the slow axis or the fast axis of the poly-
carbonate resin sheet is parallel to the lengthwise direc-
tion of a TN liquid crystal panel, and that retardation is
not less than 5000 nm.

[0020] Here, the slow axis refers to an axis where the
refractive within a sheet surface is maximized, and the
fast axis is an axis crossed with the slow axis within a
surface and an axis where the refractive within a sheet
surface is minimized. Also, the lengthwise direction of
the liquid crystal panel refers to the lengthwise direction
in the case of being used for a liquid crystal display de-
vice.

[0021] FIG. 2 shows a state where a TN liquid crystal
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panel 100is observed through liquid crystal shutter glass-
es for 3D 200.

[0022] When the conventional front plate 10 for a TN
liquid crystal display device is used, polarized light with
an angle of 45° from the front polarizing plate 100 of a
liquid crystal panel transmits through a glasses front side
polarizing plate 210 as itis and rotates at a twisted nemat-
ic liquid crystal layer 220, the polarized direction rotates
by 90° (the polarized light transmission axis rotates by
90°), and it transmits through the transmission axis of a
glasses back side polarizing plate 230 as it is. When a
front plate is provided on the front surface of the liquid
crystal panel 100, and arranged by aligning the fast axis
or the slow axis of the polycarbonate resin sheet 10 with
the vertical direction of a screen, there is a problem in
that interference colour due to the parallel nicols is gen-
erated (colour unevenness caused by retardation une-
venness within a surface also occurs), as described
above,.

[0023] Therefore, in the invention, by setting retarda-
tion of the polycarbonate resin sheet 10 to be not less
than 5000 nm, since distribution of the retardation on a
color diagram is located in a region near white and var-
iations of distribution are small, occurrence of interfer-
ence due to parallel nicols caused by retardation of the
polycarbonate resin sheet 10 color and unevenness
thereof can effectively be inhibited.

[0024] Here, the front surface of the liquid crystal panel
100 and the glasses front side polarizing plate 210 are
in the relationship of parallel nicols and the liquid crystal
display device front plate 1 is placed therebetween, and
the transmission axes (having the same direction) of two
polarizing plates and the slow axis or the fast axis of a
refractive index ellipsoid of the polycarbonate resin sheet
10 of the liquid crystal display device front plate 1 are in
the arrangement of being crossed by 45°. In that case,
wavelength dependency of the transmittance TT (1) is
represented by the following formula (1).

TT(AM)=cos”2(mxRe(AM)/A)...(1)

[0025] Here, cos represents cosine function, & repre-
sents circular constant, A represents wavelength, and Re
(») represents wavelength dependency of retardation.

[0026] Moreover, FIG. 3 shows a graph of wavelength
dependency ofretardation Re () of polycarbonate stand-
ardized by retardation of 590 nm (sodium D line). The
numerical formula in the figure is an approximation for-
mula of Caucy. Furthermore, FIG. 4 shows light spectrum
S (L) measured by a light spectrum analyzer after dis-
playing the entire liquid crystal monitor in white. In addi-
tion, a light source used in a liquid crystal monitor in this
regard is white LED, single chip type LED where yellow
and red are fluorescence excited to illuminate by blue
LED illumination and the balance thereof results in white.
[0027] Transmittance TT (L) under parallel nicols of
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Formula 1, light spectrum S (i) of FIG. 3, and each of
the color matching functions (spectrum stimulus values)
of CIE1931 x (A), y (1) and z (1) are overlap integrated
to calculate X, Y and Z and calculate x = X/ (X +Y + Z)
andy =Y /(X +Y +Z)on the color diagram of optional
retardation Re (). In addition, the integrated wavelength
region is set to be 380 to 780 nm in the vision light region.
[0028] In order to calculate color unevenness when
used as a liquid crystal display device front plate, for sam-
ples of a liquid crystal display device front plate of a con-
ventional example and samples of a liquid crystal display
device front plate of the invention, unevenness of retar-
dation at a wavelength of 590 nm is measured by a spec-
troscopic ellipsometer and plotted on a color diagram.
Here, retardation (Re) of samples of the conventional
example is 2520 to 2800 nm and unevenness of retar-
dation (ARe) is 280 nm, and retardation of samples of
the invention is 5250 to 6300 nm and unevenness of re-
tardation (ARe) is 1050 nm. Distribution of samples of
the conventional example on the color diagram is shown
in FIG. 5 (a), and distribution of samples of the invention
on the color diagram is shown in FIG. 5 (b).

[0029] From FIG. 5 (a), since variations of color are
seen in distribution of unevenness of retardation (shown
as black points) for samples of the conventional example,
it is clear that coloring and color unevenness occur when
used as a product. On the other hand, from FIG. 5 (b),
since distribution of unevenness of retardation (black
points) for samples of the invention is all located in a
region near white and variations of color are small, oc-
currence of coloring and color unevenness can also be
inhibited when used as a product. Since this effect is
significantly seen when retardation of the polycarbonate
resin sheet 10 is not less than 5000 nm, it is important
to make retardation to be not less than 5000 nm.
[0030] In the invention, for a light source of a liquid
crystal backlight illustrating light to the front plate 1 of the
TN liquid crystal display device, a single chip type white
LED is required to be used. It is because in other light
sources, for example a light source having a spectrum
shape with a peak at a particular wavelength, such as a
cold cathode fluorescence lamp (CCFL) which is widely
used, the effect of the invention cannot sufficiently be
performed, even when retardation of the polycarbonate
resin sheet 10 is not less than 5000 nm.

[0031] Below, each component of the front plate of a
TN liquid crystal display device of the invention will be
described.

(Polycarbonate Resin Sheet)

[0032] The front plate 1 of a TN liquid crystal display
device of the invention comprises the polycarbonate res-
in sheet 10, as shown in FIG. 1. In the polycarbonate
resin sheet 10, not shown in FIG. 2, is located on the
front surface of 100 between 100 and 210 under the con-
dition of the direction of the slow axis X or the fast axis
Y as the lengthwise direction of a TN liquid crystal panel.
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Other configuration requirements (film thickness, mate-
rial, production method, etc.) are not particularly limited.
[0033] Also, a polycarbonate resin constituting the
polycarbonate resin sheet 10 is preferable to be a ther-
moplastic polycarbonate polymer capable of containing
a branched structure obtained by a polycondensation re-
action (interface method) between an aromatic dihydroxy
compound and phosgene or obtained by an ester ex-
change reaction (melt method) between the aromatic di-
hydroxy compound and diester carbonate, and prefera-
ble to have 2,2-bis(4-hydroxyphenyl)propane as a main
raw material monomer. It should be noted that to have
the above 2,2-bis(4-hydroxyphenyl)propane as a main
raw material monomer means to contain the raw material
monomer in notless than 50 %. A polycarbonate polymer
of the raw material monomer has high heat stability and
transparency, and is extremely preferable as a liquid
crystal display device front plate. However, retardation
is easy to occur in the sheet production step, and in order
to control variations thereof, close attention is required
to be paid. In addition, there are problems of large pho-
toelasticity and large optical strain due to stress, butthese
problems can be solved by using a sheet with high retar-
dation of the invention.

[0034] Moreover, the polycarbonate resin is preferable
to have the viscosity average molecular weight within a
range of 20,000 to 30,000. The viscosity average molec-
ular weight within the above range is suitable to form the
polycarbonate resin sheet 10 by normal extrusion mold-
ing, and when the viscosity average molecular weight is
more than 30,000, sufficient processability is liable not
to be obtained. Also, when the viscosity average molec-
ular weight is less than 20,000, physical properties such
as impact resistance are poor, which is not preferable.
[0035] Furthermore, the polycarbonate resin is prefer-
able to have the glass transition temperature within a
range of 130 to 160°C. When the glass transition tem-
perature is less than 130°C, the characteristic of high
heat resistance of a polycarbonate resin becomes weak,
and for example, it becomes difficult to develop it into a
product for in vehicle application highly likely to be ex-
posed to high temperature. On the other hand, when the
glass transition temperature is more than 160°C, the set
temperature upon extrusion molding must be high, and
problems such as deterioration of color phase and gen-
eration of foreign substances are easy to occur.

[0036] Also, various additives typically used may be
added to the polycarbonate resin, and additives include,
for example, antioxidant, anti-coloring agent, ultraviolet
absorber, flame retardant, mold release agent, lubricant,
antistatic agent, dye and the like.

[0037] Moreover, the polycarbonate resin sheet 10 is
preferable to have the thickness within a range of 0.3 to
2 mm. When the thickness is less than 0.3 mm, the poly-
carbonate resin sheet 10 becomes too thin, mechanical
properties such as bending strength particularly de-
crease and a function as a front plate for protecting liquid
crystal is liable not to be performed, and on the other



9 EP 2 629 143 B1 10

hand, when the thickness is more than 2 mm, the poly-
carbonate resin sheet 10 becomes too thick, a liquid crys-
tal panel unit becomes thick, and a merit as a thin model
display device is liable to be weakened.

[0038] Furthermore, the polycarbonate resin sheet 10
is typically formed by a melt extrusion method. Regarding
the polycarbonate resin sheet formed by a melt extrusion
method, molecules constituting a polycarbonate resin
have orientation (stretch orientation of polycarbonate
molecules) due to influences of resin temperature, cool-
ing roll temperature, take-up speed and the like, thereby
double refraction occurs, and retardation occurs.
[0039] In the invention, by making the minimum value
of retardation within a surface to be not less than 5000
nm, variations of retardation within a surface will not be
a problem.

[0040] The production method for making the polycar-
bonate resin sheet 10 retardation to be 5000 nm is not
particularly limited, but for example, by increasing the
take-up speed and increasing the stretch ratio in the flow
direction of a polycarbonate resin, the polycarbonate res-
in sheet 10 with high retardation of not less than 5000
nm can be obtained.

(Hard Resin Layer)

[0041] The front plate 1 of a TN liquid crystal display
device according to the invention, as shown in FIG. 1,
has a hard resin layer 20 provided on a front surface or
both of front and back surfaces (only on the front surface
in FIG. 2) of the polycarbonate resin sheet 10. Here, the
hard resin layer 20 refers to a layer formed with the poly-
carbonate resin sheet 10 or formed on the polycarbonate
resin sheet 10 with a purpose of improving scratch re-
sistance and surface hardness.

[0042] Moreover, the hard resin layer 20 has a thick-
ness within a range of 30 to 100 wm, in terms of ensuring
the desired scratch resistance and surface hardness.
When the thickness is less than 30 um, it is liable not to
have sufficient scratch resistance and surface hardness,
and on the other hand, when the thickness is more than
100 wm, a layer is too thick and impact resistance and
processability of the front plate 1 of a TN liquid crystal
display device are liable to decrease.

[0043] Furthermore, the hard resin layer 20 has a pen-
cil hardness at a laminated state measured according to
JIS5600-5-4 of at least F or more, preferably H or more,
in terms of ensuring the desired scratch resistance and
surface hardness. Since the pencil hardness of a poly-
carbonate resin is only about 2B, it is not preferable as
a liquid crystal front surface protecting plate as it is, but
by providing the hard resin layer 20 on the surface of the
polycarbonate resin sheet 10 so that the pencil hardness
is F or more, the surface becomes hard to be scratched
anditbecomes possible to ensure minimum performance
as a front surface protecting plate. Moreover, if the pencil
hardness of a sheet having the hard resin layer 20 lam-
inated is F or more, it is possible to increase the pencil
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hardness at a laminated state after hard coating to about
3H, and grant sufficient performance as a liquid crystal
front surface protecting plate.

[0044] In addition, the hard resin layer 20 is obtained
by coextrusion molding with the polycarbonate resin. A
device used for coextrusion molding includes, for exam-
ple, a multilayer molding machine comprising one main
extruder for extruding a polycarbonate resin and sub ex-
truders for extruding resins constituting the hard resin
layer 20. Normally, the sub extruder which is smaller than
the main extruder is adopted. The temperature condition
of the main extruder is normally 230 to 290°C, preferably
240 to 280°C, and the temperature condition of the sub
extruder accordingly depends on the kind of the hard
resin layer and is normally 220 to 270°C, preferably 230
to 260°C since a difference with the settemperature con-
dition of the main extruder is preferable to be smaller.
Also, in order to remove foreign substances withinaresin,
it is preferable to arrange a polymer filter on the upper
stream side than a T die of the extruder.

[0045] As a method for laminating two kinds of molten
resins, well known methods such as feed block type and
multi manifold type can be used. In this case, molten
resins laminated by the feed block are led to a sheet
molding die such as a T die, molded into a sheet state,
and led by a molding roll (polishing roll) having a surface
mirror-treated to form a melt bank (resin rich area) be-
tween two molding rolls. This sheet state molded product
is subjected to mirror finishing and cooling during passing
through molding rolls to form alaminate. Also, in the case
of a multi manifold die, although laminating is conducted
after each molten resin is expanded into a sheet state
inside the die, subsequently, similarly to the feed block
type, it is subjected to mirror finishing and cooling with a
molding roll to form a laminate. The die temperature is
normally 250 to 310°C, preferably 260 to 300°C, and the
molding roll temperature is normally 90 to 190°C, pref-
erably 100 to 180°C. The roll molding machine can ac-
cordingly use a vertical type roll molding machine or a
horizontal type roll molding machine.

[0046] Moreover, the hard resin layer consists of an
acryl resin, a nuclear hydrogenated MS resin obtained
by hydrogenating an aromatic ring of a copolymer ob-
tained by polymerizing at least one kind of (meth)acrylate
ester monomer and at least one kind of aromatic vinyl
monomer, or a modified polycarbonate resin having 2,2-
bis(4-hydroxy-3-methylphenyl)propane or 2,2-bis(4-hy-
droxy-3-methylphenyl)cyclohexane as a main raw mate-
rial monomer.

[0047] The acryl resin is preferable to have methyl
methacrylate as a main raw material monomer and the
glass transition temperature of not less than 95°C. It is
because when the glass transition temperature is less
than 95°C, in addition to difficulty in ensuring heat resist-
ance required for a liquid crystal front plate, a decrease
in surface hardness is recognized. It should be noted that
"methyl methacrylate as a main raw material monomer"
means having methyl methacrylate in not less than 50
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%, preferably not less than 70 % of all raw material mon-
omers. By having methyl methacrylate as a main raw
material monomer, it becomes possible to ensure adhe-
sion with a polycarbonate resin sheet in coextrusion
molding.

[0048] The nuclear hydrogenated MS resin is prefera-
ble to be a resin obtained by partially hydrogenating an
aromatic ring of a side chain of a copolymer obtained by
polymerizing methyl methacrylate and styrene, to have
a copolymerization ratio of them within a range of 60:40
to 90:10, and to have a hydrogenation ratio of the aro-
matic ring of not less than 70 %. By using the nuclear
hydrogenated MS resin, there is an effect of reducing
occurrence of a warp of a liquid crystal front plate. When
the copolymerization ratio between methyl methacrylate
and styrene is less than 60:40, adhesion with a polycar-
bonate resin is not sufficient and there is the possibility
of exfoliating at the interface thereof. On the other hand,
when the copolymerization ratio is more than 90:10 or
when the hydrogenation ratio of a side chain aromatic
ring is less than 70 %, the difference in performance be-
tween normal methyl methacrylate and MS resin (copol-
ymer of methyl methacrylate and styrene) becomes
small, and there become less merits of choosing to use it.
[0049] The modified polycarbonate resin is preferable
to be a copolymer of 2,2-bis(4-hydroxy-3-methylphe-
nyl)propane and 2,2-bis(4-hydroxyphenyl)propane, and
to have a copolymerization ratio of them of 50:50 to 100:0.
When the copolymerization ratio between 2,2-bis(4-hy-
droxy-3-methylphenyl)propane and 2,2-bis(4-hydroxy-
phenyl)propane is less than 50:50, the pencil hardness
decreases and scratch resistance as a liquid crystal front
plate is liable to be deteriorated.

[0050] Also, the modified polycarbonate resin may be
a copolymer of 2,2-bis(4-hydroxy-3-methylphenyl)cy-
clohexane and 2,2-bis(4-hydroxyphenyl)propane, and a
copolymerization ratio of them is preferably 50:50 to
100:0. When the copolymerization ratio between 2,2-
bis(4-hydroxy-3-methylphenyl)cyclohexane and 2,2-
bis(4-hydroxyphenyl)propaneis less than 50:50, the pen-
cil hardness decreases and scratch resistance as a liquid
crystal front plate is liable to be deteriorated.

[0051] Moreover, it is preferable to add an ultraviolet
absorber to the acryl resin, the nuclear hydrogenated MS
resin or the modified polycarbonate resin in 0.01 to 3.0
% by weight for the purpose of maintaining weather re-
sistance for a long period. Furthermore, in order to pre-
vent heat deterioration of the acryl resin, the nuclear hy-
drogenated MS resin or the modified polycarbonate resin
upon coextrusion molding, an antioxidant and an anti-
coloring agent may be added. The antioxidant is prefer-
able to be added in 0.01 to 3 % by weight based on the
acryl resin, the nuclear hydrogenated MS resin or the
modified polycarbonate resin. The anti-coloring agent
may be added in 0.01 to 3 % by weight. When the total
added amount of the ultraviolet absorber, the antioxidant
and the anti-coloring agent is less than 0.1 % by weight,
sufficient weather resistance is not shown. Also, when
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the total added amount of them is more than 5 %, not
only can further improvement in weather resistance not
be expected, but also 'bleed out’ of these additives oc-
curs, which causes whitening or also results in a de-
crease for adhesion and impact strength.

(Hard Coat Membrane)

[0052] The front plate 1 of a TN liquid crystal display
device according to the invention is, as shown in FIG. 1,
preferable to have a hard coat membrane 30 further
formed on a frontmost surface or both of frontmost and
backmost surfaces (only on the both of frontmost and
backmost surfaces in FIG. 1). Here, the hard coat mem-
brane 30 refers to a membrane formed mainly on the
hard resin layer 20 with a purpose of improving scratch
resistance, and forexample, a membrane formed by ther-
mal curing or active energy ray curing a paint, and the
like are used. It should be noted that the frontmost surface
of the TN liquid crystal display device front plate refers
to asurface closesttothe user side of the TN liquid crystal
display device front plate and a backmost surface refers
to a surface closest to a liquid crystal panel.

[0053] As one example of paints to be cured using ac-
tive energy rays, a resin composition having a photopo-
lymerization initiator as a curing catalyst added to a resin
composition, comprising a single or a plurality of mono-
functional or multifunctional acrylate monomers or oli-
gomers, is included. Also, thermal curable resin paints
include polyorganosiloxane based, crosslinkable acryl
based and the like. Such resin compositionsinclude ones
commercially available as a hard coat agent for acryl res-
in or a hard coat agent for polycarbonate resin, and may
be accordingly selected in consideration of compatibility
with a hard coat application facility.

[0054] Among them, from the point of being able to
realize high scratch resistance and high productivity, the
hard coat membrane 30 is preferable to comprise an ul-
traviolet curable acryl based resin composition.

[0055] Also, if required, other than organic solvents,
various stabilizing agents such as ultraviolet absorber,
photostabilizer and antioxitant, surfactants such as rev-
eling agent, antifoamer, thickening agent, antistatic
agent and anti-fogging agent, and the like may be ac-
cordingly added to the paint.

[0056] Moreover, the hard coat membrane 30 is pref-
erable to have the thickness within a range of 1 to 20 um.
When the thickness is less than 1 um, sufficient scratch
resistance is liable not to be performed, and on the other
hand, when the thickness is more than 20 um, secondary
processability and impact resistance of the front plate 1
of a TN liquid crystal display device are liable to signifi-
cantly decrease.

[0057] Furthermore, the membrane surface of a liquid
crystal front plate having the hard coat membrane 30
formed is preferable to have the pencil hardness at a
laminated state measured according to JIS5600-5-4 of
at least 3H or more, in terms of ensuring the desired
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scratch resistance.
(Front Plate of TN Liquid Crystal Display Device)

[0058] The front plate 1 of a TN liquid crystal display
device according to the invention comprises the structure
described above, and is also preferably used for an TN
liquid crystal display for visually recognizing a 3D image
with liquid crystal shutter glasses on. In addition, the TN
liquid crystal refers to a liquid crystal adopting a display
method called TWISTED NEMATIC.

(Liquid Crystal Display Device)

[0059] A liquid crystal display device comprising the
frontplate 1 ofa TN liquid crystal display device according
to the invention and aliquid crystal backlight using a white
LED light source can be obtained. In this liquid crystal
display device, occurrence of interference colour due to
parallel nicols caused by retardation of the polycarbonate
resin sheet 10 and colour unevenness thereof can effec-
tively be inhibited. Other structures such as a liquid crys-
tal panel are not particularly limited, and ones commer-
cially available can be adopted.

EXAMPLES

[0060] Below, although embodiments of the invention
will be described in further detail with reference to exam-
ples, the embodiments are notlimited to these examples.

(Example)

[0061] Inanexample of the invention, as shownin FIG.
1, the front plate 1 of a TN liquid crystal display device
having the hard resin layer 20 (film thickness: 60 wm) on
one surface of the polycarbonate resin sheet 10 (film
thickness: 0.96 mm) and the hard coat membrane 30
(film thickness: 10 wm) formed on the outmost surfaces
was prepared.

[0062] Here, a polycarbonate resin constituting the
polycarbonate resin sheet 10 was a polycarbonate resin
as homopolymer of 2,2-bis(4-hydroxyphenyl)propane,
Lupilon E-2000N available from Mitsubishi Engineering-
Plastics Corporation. Moreover, a resin constituting the
hard resin layer 20 was methyl methacrylate resin Par-
apet HR-1000L manufactured by Kuraray Co., Ltd. and
the pencil hardness at a laminated state measured ac-
cording to JIS5600-5-4 was 2H. Furthermore, a resin
composition constituting the hard coat membrane 30 was
an ultraviolet curable acryl based resin composition com-
prising 90 parts ofhexafunctional urethane acrylate
oligomer : EB-220 manufactured by Daicel-Cytec Com-
pany Ltd., 10 parts of 1,9-nonandioldiacrylate : #260
manufactured by Osaka Organic Chemical Industry Ltd.,
and 3 parts of 1-hydroxy-cyclohexyl phenyl ketone :
1-184 manufactured by Ciba Specialty Chemicals Inc.,
and the pencil hardness of the the hard coat membrane
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at a laminated state measured according to JIS5600-5-4
was 3H.

[0063] Also, retardation of the polycarbonate resin
sheet 10 was 5250 to 6300 nm. Moreover, as a light
source of a backlight, a single chip type white LED light
source was used.

(Comparative Example 1)

[0064] A frontplate ofa TN liquid crystal display device
of Comparative Example 1 was prepared with the same
conditions to Example, exceptthat retardation ofthe poly-
carbonate resin sheet 10 was within a range of 2520 to
2800 nm, and a CCFL light source was used as a light
source of a liquid crystal backlight.

(Comparative Example 2)

[0065] A frontplate ofa TN liquid crystal display device
of Comparative Example 2 was prepared with the same
conditions to Example, exceptthat retardation ofthe poly-
carbonate resin sheet 10 was within a range of 2520 to
2800 nm.

(Comparative Example 3)

[0066] A frontplate ofa TN liquid crystal display device
of Comparative Example 3 was prepared with the same
conditions to Example, except that a CCFL light source
was used as a light source of a liquid crystal backlight.

<Evaluation>

[0067] The front plates of a TN liquid crystal display
device prepared in Example and Comparative Examples
were subjected to the following evaluation.

[0068] They were mounted in an actual TN liquid crys-
tal panel, and then incorporated in a liquid crystal display
device (3D display manufactured by NVIDIA). Then, an
image displayed on a liquid crystal display was observed
with TN liquid crystal shutter glasses for 3D (GEFORCE
3D VISION Model: P701) on.

[0069] The result of observing an image on a liquid
crystal screen through TN liquid crystal shutter glasses
for 3D is shown in FIG. 6. FIG. 6 (a) is a state of using
the front plate of a TN liquid crystal display device of
Example and LED as a light source of a liquid crystal
backlight, FIG. 6 (b) is a state of using the front plate of
a TN liquid crystal display device of Comparative Exam-
ple 1 and CCFL as a light source of a liquid crystal back-
light, FIG. 6 (c) is a state of using the front plate of a TN
liquid crystal display device of Comparative Example 2
and LED as a light source of a liquid crystal backlight,
and FIG. 6 (d) is a state of using the front plate of a TN
liquid crystal display device of Comparative Example 3
and CCFL as a light source of a liquid crystal backlight.
[0070] AsseenfromFIG.6 (a),(b),(c)and (d),itisclear
that an image (FIG. 6 (a)) where the front plate of a TN
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liquid crystal display device of Example was used signif-
icantly improved in occurrence of coloring and color un-
evenness as compared toimages (FIG. 6 (b) to (d))where
the front plates of a TN liquid crystal display device of
Comparative Examples 1 to 3 were used. Also, Example
and Comparative Examples 1 to 3 were prepared with
the same conditions except for the take-up speed upon
production, anditis clear that the front plate of a TN liquid
crystal display device of Example also had good impact
resistance, heat resistance and transparency as similar
to the conventional one.

INDUSTRIAL APPLICABILITY

[0071] According to the invention, it is possible to pro-
vide a front plate of a TN liquid crystal display device
capable of inhibiting coloring and color unevenness,
caused by retardation of a polycarbonate resin sheet and
unevenness thereof, even when the liquid crystal panel
is observed through polarizing glasses or liquid crystal
shutter glasses for 3D, while having excellent impact re-
sistance, heat resistance and transparency.

EXPLANATION OF NUMERALS
[0072]

1 front plate of TN liquid crystal display device
10 polycarbonate resin sheet

20 hard resin layer

30 hard coat membrane

100 TN liquid crystal panel

200 liquid crystal shutter glasses for 3D

210 (glasses front side polarizing plate

220 twisted nematic liquid crystal layer

230 (glasses back side polarizing plate

X direction of slow axis
Y direction of fast axis
Claims

1. A TN liquid crystal display device using white LED
as a light source of a backlight and comprising a TN
liquid crystal panel (100) having lengthwise and
widthwise directions and a front plate (1), said front
plate (1) comprising a polycarbonate resin sheet (10)
and a hard resin layer (20) with a thickness within a
range of 30 to 100 wm and a pencil hardness at a
laminated state measured according to JIS5600-5-4
of at least F or more, wherein the hard resin layer
(20) is obtainable by coextrusion molding with the
polycarbonate resin and is provided on a front sur-
face or both of front and back surfaces of the poly-
carbonate resin sheet (10),
wherein a direction of the slow axis or a fast axis of
the polycarbonate resin sheet (10) is parallel to the
lengthwise direction of the TN liquid crystal panel
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(100) transmitting polarized light at an angle of 45°
relative to the lengthwise and widthwise directions,
and retardation is not less than 5000 nm, and

wherein the hard resin layer (20) consists of an acryl
resin, a nuclear hydrogenated MS resin obtained by
hydrogenating an aromatic ring of a copolymer ob-
tained by polymerizing atleast one kind of (meth)acr-
ylate ester monomer and at least one kind of aro-
matic vinyl monomer, or a modified polycarbonate
resin having 2,2-bis(4-hydroxy-3-methylphenyl)pro-
pane or 2,2-bis(4-hydroxy-3-methylphenyl)cy-
clohexane as a main raw material monomer.

The TN liquid crystal display device according to
Claim 1, wherein a polycarbonate resin constituting
the polycarbonate resin sheet (10) has 2,2-bis(4-hy-
droxyphenyl)propane as a main raw material mon-
omer, a viscosity average molecular weight within a
range of 20,000 to 30,000, and a glass transition
temperature within a range of 130 to 160°C.

The TN liquid crystal display device according to
Claim 1, wherein a thickness of the polycarbonate
resin sheet (10) is within a range of 0.3 to 2 mm.

The TN liquid crystal display device according to
Claim 1, wherein the acryl resin has methyl meth-
acrylate as a main raw material monomer and a glass
transition temperature of not less than 95°C.

The TN liquid crystal display device according to
Claim 1, wherein the nuclear hydrogenated MS resin
isaresin obtained by hydrogenating an aromatic ring
of a copolymer obtained by polymerizing methyl
methacrylate and styrene, a copolymerization ratio
of them is within a range of 60:40 to 90:10, and a
hydrogenation ratio of the aromatic ring is not less
than 70 %.

The TN liquid crystal display device according to
Claim 1, wherein the modified polycarbonate resin
is a copolymer of 2,2-bis(4-hydroxy-3-methylphe-
nyl)propane and 2,2-bis(4-hydroxyphenyl)propane,
and a copolymerization ratio of them is 50:50 to
100:0.

The TN liquid crystal display device according to
Claim 1, wherein the modified polycarbonate resin
is a copolymer of 2,2-bis(4-hydroxy-3-methylphe-
nyl)cyclohexane and 2,2-bis(4-hydroxyphenyl)pro-
pane, and a copolymerization ratio of them is 50:50
to 100:0.

The TN liquid crystal display device according to
Claim 1, having a hard coat membrane (30) formed
on a frontmost surface or both of frontmost and back-
most surfaces of the front plate (1).
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The TN liquid crystal display device according to
Claim 8, wherein the hard coat membrane (30) con-
sists of an ultraviolet curable acryl based resin com-
position, a thickness is within a range of 1 to 20 pm,
and a pencil hardness at alaminated state measured
according to JIS5600-5-4 is 3H or more.

Patentanspriiche

1.

TN-Flussigkristallanzeigevorrichtung, die eine wei-
Re LED als Lichtquelle fiir eine Hintergrundbeleuch-
tung verwendet und ein TN-Flissigkristallpanel
(100) mit Langs- und Querrichtungen und einer
Frontplatte (1) umfasst, wobei die Frontplatte (1) ei-
ne Polycarbonatharzfolie (10) und eine harte Harz-
schicht (20) mit einer Dicke innerhalb eines Berei-
ches von 30 bis 100 wm und einer Bleistiftharte im
laminierten Zustand, gemessen geman
JIS5600-5-4, von mindestens F oder mehr umfasst,
wobei die harte Harzschicht (20) erhaltlich ist durch
Coextrusionsformen mit dem Polycarbonatharz und
auf der Vorderseite oder sowohl auf der Vorder- als
auch auf der Rickseite der Polycarbonatharzfolie
(10) vorhanden ist,

wobei eine Richtung der langsamen Achse oder ei-
ner schnellen Achse der Polycarbonatharzfolie (10)
parallel zu der Langsrichtung des TN-Flissigkristall-
panels (100) ist, die polarisiertes Licht bei einem
Winkel von 45° relativ zu den Langs- und Querrich-
tungen Gbertragt, und die Verzégerung nicht weniger
als 5.000 nm betragt und

wobei die harte Harzschicht (20) aus einem Acryl-
harz, einem kernhydriertem MS-Harz, das durch Hy-
drieren eines aromatischen Ringes eines Copoly-
mers erhalten wird, das durch Polymerisieren von
mindestens einem (Meth)acrylatester-Monomer und
mindestens eine Art von aromatischem Vinylmono-
mer erhalten wird, oder einem modifizierten Polycar-
bonatharz mit 2,2-Bis(4-hydroxy-3-methylphe-
nyl)propan oder 2,2-Bis(4-hydroxy-3-methylphe-
nyl)cyclohexan als Hauptausgangsmaterial-Mono-
mer besteht.

TN-Flussigkristallanzeigevorrichtung gemafl An-
spruch 1,

wobei ein Polycarbonatharz, das die Polycarbona-
tharzfolie (10) bildet, 2,2-Bis(4-hydroxyphenyl)pro-
pan als Hauptausgangsmaterial-Monomer, ein vis-
kositatsgemitteltes Molekulargewicht innerhalb ei-
nes Bereiches von 20.000 bis 30.000 und eine Glas-
Ubergangstemperatur innerhalb eines Bereiches
von 130 bis 160°C aufweist.

TN-Flussigkristallanzeigevorrichtung gemafl An-
spruch 1,

wobei die Dicke der Polycarbonatharzfolie (10) in-
nerhalb eines Bereiches von 0,3 bis 2 mm liegt.
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4.

TN-Flissigkristallanzeigevorrichtung gemal An-
spruch 1,

wobei das Acrylharz Methylmethacrylat als Haupt-
ausgangsmaterial-Monomer und eine Glasuber-
gangstemperatur von nicht weniger als 95°C auf-
weist.

TN-Flissigkristallanzeigevorrichtung gemal An-
spruch 1,

wobei das kernhydrierte MS-Harz ein Harz ist, das
durch Hydrieren eines aromatischen Rings eines
Copolymers erhalten wird, das durch Polymerisieren
von Methylmethacrylat und Styrol erhalten wird, ein
Copolymerisationsverhaltnis dieser innerhalb eines
Bereichs von 60:40 bis 90:10 liegt und ein Hydrie-
rungsanteil des aromatischen Rings nicht weniger
als 70 % betragt.

TN-Flissigkristallanzeigevorrichtung gemal An-
spruch 1,

wobei das modifizierte Polycarbonatharz ein Copo-
lymer aus 2,2-Bis(4-hydroxy-3-methylphenyl)pro-
pan und 2,2-Bis(4-hydroxyphenyl)propan ist und ein
Copolymerisationsverhaltnis dieser 50:50 bis 100:0
betragt.

TN-Flissigkristallanzeigevorrichtung gemal An-
spruch 1,

wobei das modifizierte ein Copolymer aus 2,2-Bis(4-
hydroxy-3-methylphenyl)cyclohexan und 2,2-Bis(4-
hydroxyphenyl)propan ist und ein Copolymerisati-
onsverhaltnis dieser 50:50 bis 100:0 betragt.

TN-Flissigkristallanzeigevorrichtung gemal An-
spruch 1, die eine Hartbeschichtungsmembran (30)
aufweist, die auf einer vordersten Oberflache oder
sowohl auf einer vordersten Oberflache als auch auf
einer hintersten Oberflache der Frontplatte (1) ge-
bildet ist.

TN-Flissigkristallanzeigevorrichtung gemal An-
spruch 8,

wobei die Hartbeschichtungsmembran (30) aus ei-
ner Ultraviolett-hartbaren Acryl-basierten Harzzu-
sammensetzung besteht, eine Dicke innerhalb eines
Bereiches von 1 bis 20 um liegt und eine Bleistift-
harte im laminierten Zustand, gemessen gemaR
JIS5600-5-4, 3H oder mehr betragt.

Revendications

Dispositif d’affichage a cristaux liquides nématique
enhélice, TN, utilisant des DEL blanches en tantque
source de lumiére d’un rétroéclairage et comprenant
un panneau a cristaux liquides TN (100) ayant des
directions longitudinale ettransversale etune plaque
avant (1), ladite plaque avant (1) comprenant une
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feuille en résine polycarbonate (10) et une couche
de résine dure (20) avec une épaisseur comprise
dans une plage allant de 30 & 100 wm et une dureté
au crayon dans un état stratifi¢ mesurée selon la
norme JIS5600-5-4 supérieure ou au moins égale a
F, dans lequel la couche de résine dure (20) peut
étre obtenue par moulage par co-extrusion avec la
résine polycarbonate et est fournie sur une surface
avant ou a la fois sur des surfaces avant et arriere
de la feuille de résine polycarbonate (10),

dans lequel une direction de I'axe lent ou d’'un axe
rapide de la feuille de résine polycarbonate (10) est
parallele a la direction longitudinale du panneau a
cristaux liquides TN (100) transmettant une lumiére
polarisée selon un angle de 45° par rapport aux di-
rections longitudinale et transversale, et un retard
est supérieur ou égal a 5 000 nm, et

dans lequel la couche de résine dure (20) est cons-
tituée d’une résine acrylique, d’'une résine MS hy-
drogénée nucléaire obtenue par hydrogénation d’'un
noyau aromatique d’'un copolymeére obtenu par po-
lymérisation d’au moins une sorte de monomere
d’ester de (méth)acrylate et d’au moins une sorte de
monomere vinylique aromatique, oud’unerésine po-
lycarbonate modifiée ayant du 2,2-bis(4-hydroxy-3-
méthylphényl)propane ou du 2,2-bis(4-hydroxy-3-
méthylphényl)cyclo-hexane en tant que monomere
de matiére premiére principale.

Dispositif d’affichage a cristaux liquidesTN selon la
revendication 1, dans lequel une résine polycarbo-
nate constituant la feuille de résine polycarbonate
(10) a du 2,2-bis(4-hydroxyphényl)propane en tant
que monomeére de matiere premiére principale, un
poids moléculaire moyen en viscosité compris dans
une plage allant de 20 000 a 30 000, et une tempé-
rature de transition vitreuse comprise dans une pla-
ge allant de 130 a 160 °C.

Dispositif d’affichage a cristaux liquides TN selon la
revendication 1, dans lequel une épaisseur de la
feuille de résine polycarbonate (10) est comprise
dans une plage allant de 0,3 a 2 mm.

Dispositif d’affichage a cristaux liquides TN selon la
revendication 1, dans lequel la résine acrylique a du
méthacrylate de méthyle en tant que monomere de
matiere premiére principale et une température de
transition vitreuse supérieure ou égale a 95 °C.

Dispositif d’affichage a cristaux liquides TN selon la
revendication 1, dans lequel la résine MS hydrogé-
née nucléaire est une résine obtenue par hydrogé-
nation d’'un noyau aromatique d’un copolymére ob-
tenu par polymérisation de méthacrylate de méthyle
et de styréne, leur rapport de copolymérisation est
compris dans une plage allant de 60:40 a 90:10, et
un rapportd’hydrogénation du noyau aromatique est
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1"

supérieur ou égal a 70 %.

Dispositif d’affichage a cristaux liquides TN selon la
revendication 1, dans lequel la résine polycarbonate
modifiée est un copolymeére de 2,2-bis(4-hydroxy-3-
méthylphényl)propane et de 2,2-bis(4-hydroxyphé-
nyl)propane, et leur rapport de copolymérisation va
de 50:50 a 100:0.

Dispositif d’affichage a cristaux liquides TN selon la
revendication 1, dans lequel la résine polycarbonate
modifiée est un copolymeére de 2,2-bis(4-hydroxy-3-
méthylphényl)cyclohexane et de 2,2-bis(4-hydroxy-
phényl)propane, et leur rapport de copolymérisation
va de 50:50 a 100:0.

Dispositif d’affichage a cristaux liquides TN selon la
revendication 1, ayant une membrane de revéte-
mentdur (30) formée surune surface la plus enavant
ou a la fois sur une surface la plus en avant et une
surface la plus en arriére de la plaque avant (1).

Dispositif d’affichage a cristaux liquides TN selon la
revendication 8, dans lequel la membrane de revé-
tement dur (30) est constituée d’'une composition de
résine a base acrylique durcissable aux ultraviolets,
une épaisseur est comprise dans une plage allant
de 1 a 20 pm, et une dureté au crayon dans un état
stratifié mesurée selon la norme JIS5600-5-4 est su-
périeure ou égale a 3H.
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