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LIQUID CRYSTAL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play panel.

BACKGROUND ART

[0002] Heretofore, TFT-LCD which is operated by a thin
film transistor (TFT) has been used for a liquid crystal display
panel, and a glass substrate for the TFT-LCD is required to
have e.g. chemical durability or heat resistance durable
against chemicals or heat treatment to is be used in a TFT-
forming step. Further, if an alkali metal oxide is contained in
the glass substrate, alkali ions in the glass substrate are likely
to diffuse into a semiconductor film during the thermal treat-
ment thereby to deteriorate film properties, and therefore the
glass substrate is required to contain no alkali metal oxide,
namely, to be alkali-free glass.

[0003] However, alkali-free glass has a very high viscosity
and is difficult to melt, and it has therefore technical difficul-
ties in its production. Further, its production cost tends to be
high, and therefore it has been desired to develop a liquid
crystal panel employing alkali glass instead of alkali-free
glass.

[0004] Inrelation to such development, Patent Document 1
discloses a glass substrate characterized to be used as a glass
substrate for a liquid crystal display, made of a glass having a
strain point of from 530t0 630° C., a temperature correspond-
ing to 10> dPa-s of from 1370 to 1520° C. and a viscosity at
a liquid-phase temperature of at least 100,000 poise, wherein
the light transmitting surface is a non-polished surface, and
the glass contains, as represented by mass %, from 50 to 70%
of Si0,, from 1 t0 20% of Al,O,, from 0to 15% of B,O,, from
1 to 25% of alkali metal oxide and from 0 to 30% of alkaline-
earth metal oxide. Further, Patent Document 1 discloses a
process for producing a glass substrate by forming the glass
substrate by a down-draw process.

[0005] Further, itis disclosed that even when such an alkali
glass substrate is used, if the production temperature (maxi-
mum temperature) of TFT is lowered from conventional tem-
perature of about 350 to 400° C., to about 250to 300° C., it is
possible to suppress the diffusion of alkali ions into a semi-
conductor film, and it is thereby possible to use the alkali
glass substrate as a substrate for liquid crystal displays.
[0006] If an alkali glass substrate obtained by such a pro-
cess can be used as an array substrate or an opposing substrate
for liquid crystal display panels, it is possible to lower a
production cost as compared with a case where alkali-free
glass is used, such being preferred.

[0007] Further, Patent Document 2 discloses a liquid crys-
tal display device comprising an array substrate having a
pixel electrode and a switching active component for operat-
ing the pixel electrode formed thereon, and an opposing sub-
strate having an opposing electrode to the above pixel elec-
trode formed on a color filter, wherein a liquid crystal is
interposed between the above array substrate and the above
opposing substrate, a peripheral area thereof is sealed with a
UV-curable sealing material, the thermal expansion coeffi-
cient between the above array substrate and the above oppos-
ing substrate is different, and its difference is at most 50x10~
7/K. Further, Patent Document 2 discloses the above liquid
crystal display device employing alkali-free glass for the
above array substrate and soda lime glass for the above oppos-

Apr. 23, 2009

ing substrate. Further, it also discloses that soda lime glass is
unsuitable for the above array substrate and is used for the
above opposing substrate only.

[0008] Further, specifically, aluminoborosilicate glass hav-
ing a thermal expansion coefficient of 38x107"/K, alumino-
silicate glass of 43x1077/K or bariumborosilicate glass of
46x1077/K is disclosed as the alkali-free glass, and soda lime
glass having a thermal expansion coefficient of 84x1077/K is
disclosed as the soda lime glass. Namely, there is a disclosure
of liquid crystal display device in which the difference of the
thermal expansion coefficient between the above array sub-
strate and the above opposing substrate is 46x1077/K, 41x10~
2/K or 38x1077/K. Further, it discloses that it is possible to
produce such a liquid crystal display device in such a manner
that a UV-curable sealing material is applied on each of the
above array substrate and the above opposing substrate, an
optimum amount of a liquid crystal is dropped so as to form
aspecific gap, and both substrates are bonded with each other
in vacuum, followed by irradiating them with ultraviolet ray
to carry out curing and fixing.

[0009] Further, Patent Document 2 discloses that an inex-
pensive glass substrate is used for such a liquid crystal display
device thereby to cut down costs, further sealing and curing
can be carried out not by heating but by UV irradiation in a
panel production step, and the difference in the thermal
expansion coefficient is at most 50x1077/K, whereby it is
possible to prevent warpage of a liquid crystal panel due to
heating.

[0010] Patent Document 1: JP-A-2006-137631

[0011] Patent Document 2: JP-A-2002-350816

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0012] However, even in a case of a liquid crystal display
device in which the difference in the thermal expansion coef-
ficient between the above array substrate and the above
opposing substrate, as disclosed in Patent Document 2, was at
most 50x1077/K, the change in ambient temperature at the
time of use was likely to bring about e.g. panel warpage due
to the difference in the thermal expansion coefficient between
the above array substrate and the above opposing substrate,
whereby there was a case where troubles in a liquid crystal
display tend to occur.

Means of Solving the Problems

[0013] The present inventors have conducted extensive
studies to solve the above problems, and as a result, have
found a liquid crystal display panel as shown below and thus
have accomplished the present invention.

[0014] The present invention provides the following (1) to
).

(1) A liquid crystal display panel comprising an array glass
substrate and an opposing glass substrate facing it, in which a
liquid crystal is filled between such substrates, and an ultra-
violet curable resin is sealed at a peripheral area,

[0015] wherein the above opposing glass substrate is an
alkali glass substrate, and

[0016] the difference in thermal expansion coefficient
between the above array glass substrate and the above oppos-
ing glass substrate is at most 35x1077/° C.

(2) The liquid crystal display panel according to the above (1),
wherein the above difference in thermal expansion coefficient
is at most 20x1077/° C.
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(3) The liquid crystal display panel according to the above (1)
or (2), wherein the array glass substrate has a thermal expan-
sion coefficient of from 30x1077/° C. to 80x1077/° C., and its
composition consists essentially of, as represented by mass %
based on oxide, from 39 to 70% of Si0,, from 3 to 25% of
AlLQ;, from 1 to 20% of B,0;, from 0 to 10% of MgO, from
010 17% of CaO, from 0 to 20% of SrO and from 0 to 30% of
BaO; and the opposing glass substrate has a thermal expan-
sion coefficient of from 50x10~7/° C.t0 100x10~7/° C.,and its
composition consists essentially of, as represented by mass %
based on oxide, from 50 1o 84% of Si0,, from 0 to 20% of
ALQ;, from 5 to 25% of MgO+CaO and from 1 to 25% of
Na,0+K,0.

(4) The liquid crystal display panel according to the above (1)
or (2), wherein the array glass substrate has a thermal expan-
sion coefficient of from 75x1077/° C. to 95x1077/° C. and a
strain point of at least 530° C., and its composition consists
essentially of, as represented by mass % based on oxide, from
5010 75% of Si0,, from 0to 15% of AL, O, from 6 to 24% of
MgO+Ca0+SrO+Ba0 and from 6 10 24% of Na,O+K,0; and
the opposing glass substrate has a thermal expansion coeffi-
cient of from 50x1077/° C. to 100x1077/° C., and its compo-
sition consists essentially of, as represented by mass % based
on oxide, from 50 to 84% of SiO,, from 0 to 20% of Al,O;,
from 5 to 25% of MgO+CaO and from 1 to 25% of Na,O+
K,O.

(5) The liquid crystal display panel according to the above (1)
or (2), wherein the array glass substrate and the opposing
glass substrate are glass substrates having the same compo-
sition, the glass substrates have a thermal expansion coeffi-
cient of from 75x1077/° C. to 95x1077/° C. and the strain
point of at least 530° C., the temperature ('T,,) of glass melt at
which the viscosity 1 satisfies logn=4 1s T,=1200° C., and its
composition consists essentially of, as represented by mass %
based on oxide, from 50 to 75% of SiO,, from 0 to 15% of
ALO;, from 6 to 24% of MgO+CaO+SrO+Ba0 and from 6 to
24% of Na,0+K, 0.

[0017] Here, in the present invention, the expression
“essentially” with respect to the composition means that no
other components are contained except for unavoidable
impurities included from e.g. starting materials. The same
applies hereinafter.

EFFECT OF THE INVENTION

[0018] It is possible to produce the liquid crystal display
panel of the present invention at low cost since inexpensive
alkali glass is used for at least a glass substrate for an oppos-
ing substrate.

[0019] Further, it is not necessary to carry out heat treat-
ment during or after the step of laminating an array substrate
with an opposing substrate by an ultraviolet curable resin, and
therefore there will be no troubles in a liquid crystal display
due to panel warpage caused by such heat treatment.

[0020] Further, since the difference in thermal expansion
coeflicient between the above array glass substrate and the
above opposing glass substrate is at most 35x1077/° C., there
will be no panel warpage leading to troubles in a liquid crystal
display, attributable to the difference in the thermal expansion
coeflicient, due to the change of an ambient temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic cross sectional view showing
one embodiment of the liquid crystal display panel of the
present invention.

Apr. 23, 2009

[0022] FIG. 2is a schematic view to illustrate a production
process for forming a liquid crystal by a drop-system.

MEANINGS OF REFERENCE SYMBOLS

[0023] 10: Array substrate
[0024] 12: Array glass substrate
[0025] 14: Transparent electrode
[0026] 15: Active component
[0027] 16: Alignment film

[0028] 18: Polarizing plate
[0029] 20: Opposing substrate
[0030] 22: Opposing glass substrate
[0031] 23: Colored film

[0032] 24: Transparent electrode
[0033] 25: Light-shielding film
[0034] 26: Alignment film
[0035] 28: Analyzing plate
[0036] 30: Sealing material
[0037] 32: Spacer material
[0038] 34: Liquid crystal

[0039] 36: Driving circuit
[0040] 38: Driving circuit substrate
[0041] 40: Lighting device
[0042] 42: Light source

[0043] 44: Light source cover
[0044] 46: Light guide plate
[0045] 48: Light diffusion plate
[0046] 50: Reflection plate
[0047] 60: Lower fixed plate
[0048] 62: Upper fixed plate
[0049] 64: Vacuum chamber
[0050] 66: Vacuum pump

BEST MODE FOR CARRYING OUT THE
INVENTION

[0051] Now, the present invention will be described.
[0052] The present invention relates to a liquid crystal dis-
play panel comprising an array glass substrate, an opposing
glass substrate opposing thereto, a liquid crystal filled
between such substrates, and an ultraviolet curable resin seal-
ing a peripheral area,
[0053] wherein the above opposing glass substrate is an
alkali glass substrate, and
[0054] the difference in thermal expansion coefficient

between the above array glass substrate and the above

opposing glass substrate is at most 35x1077/° C.
[0055] Firstly, the array glass substrate and the opposing
glass substrate in the liquid crystal display panel of the
present invention will be described.
[0056] In the present invention, the opposing glass sub-
strate is an alkali glass substrate.
[0057] Here, “alkali glass” means a glass substantially con-
taining an alkali metal element.
[0058] Further, “substantially containing” means that the
alkali metal element is contained in an amount larger than the
amount of unavoidable impurities included from e.g. starting
materials. Namely, such an expression means that the alkali
metal element is intentionally incorporated.
[0059] Such an alkali glass substrate may, for example, be
conventional soda lime glass.
[0060] Whereas, the array glass substrate may be an alkali
glass substrate like the above opposing glass substrate, or may
be an alkali-free glass substrate.
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[0061] Here, “alkali-free glass” means glass substantially
containing no alkali metal element. Further, “substantially
containing no” means that glass contains no element other
than unavoidable impurities included from e.g. starting mate-
rials. Namely, such an expression means that the alkali metal
element is not intentionally incorporated.

[0062] Further, in the present invention, the difference in
thermal expansion coefficient between the above array glass
substrate and the above opposing glass substrate is at most
35x1077/° C.

[0063] The difference in thermal expansion coefficient is
preferably at most 30x1077/° C., more preferably at most
25x1077/° C., furthermore preferably at most 20x1077/° C.
[0064] Thereasonis such thatin a case where the difference
in thermal expansion coefficient is within such a range, there
will be no panel warpage leading to troubles in a liquid crystal
display, attributable to the difference between the respective
thermal expansion coeficients of the above array glass sub-
strate and the above opposing glass substrate even when the
ambient temperature is changed at the time of using the liquid
crystal display panel of the present invention.

[0065] Further, such a difference in thermal expansion
coefficient is preferably at least 10x1077/° C. in a case where
the array glass substrate is made of an alkali-free glass sub-
strate and the opposing glass substrate is made of an alkali
glass substrate.

[0066] The correlativity between the thermal expansion
coeflicient and the specific gravity in an alkali-free glass
substrate is high, and for example the specific gravity is at
least 3.0 when the thermal expansion coefficient is at least
65x1077/° C., such being undesirable from the viewpoint of
weight reduction of a display. From this viewpoint, the ther-
mal expansion coefficient of an alkali-free glass substrate is
preferably low, particular preferably at most 55x1077/° C.
[0067] On the other hand, the thermal expansion coefficient
of the alkali glass substrate has high correlativity with the
glass viscosity as an index for easiness of melting/forming,
and for example, T, becomes at least 1,250° C. in the case of
e.g. atmost 60x1077/° C., such being undesirable with a view
to providing an inexpensive glass substrate. From this view-
point, the thermal expansion coefficient of the alkali glass
substrate is preferably high, particularly preferably at least
65x1077/° C.

[0068] With a view to satisfying both the weight reduction
of a display and providing of an inexpensive glass substrate,
the difference in the thermal expansion coeflicient is prefer-
ably at least 10x1077/° C., more preferably at least 15x1077/°
C.

[0069] Further, the thermal expansion coefficient in the
present invention represents a linear expansion coefficient at
a temperature of from 50 to 350° C., and means a value
obtained by measurement employing a differential thermal
dilatometer (TMA).

[0070] In the present invention, the forms (size, thickness,
etc.) of the above array glass substrate and the above opposing
glass substrate are not particularly limited. For example, it is
possible to use a substrate which can be used for a known
liquid crystal display panel. For example, a rectangular sub-
strate with one side having a length of about 200 to 3,000 mm
asa size may be mentioned. Further, one having a thickness of
about 0.3 to 1.1 mm may be mentioned.

[0071] Thus, the liquid crystal display panel of the present
invention comprises an alkali glass substrate as the opposing
glass substrate and an alkali glass substrate or an alkali-free
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glass substrate as the array glass substrate, wherein the dif-
ference in thermal expansion coefficient between such glass
substrates is within the is above range.

[0072] Insuch a liquid crystal display panel of the present
invention, it is preferred that the above array glass substrate is
made of specific alkali-free glass or alkali glass, and further
the above opposing glass substrate is made of specific alkali
glass.

[0073] Specifically, any one of the following first to third
embodiments is preferred.

[0074] The first embodiment is a case where the above
array glass substrate is made of specific alkali-free glass, and
further the above opposing glass substrate is made of specific
alkali glass. The liquid crystal display panel of the present
invention having the above array glass substrate and the above
opposing glass substrate will be hereinafter referred to as the
liquid crystal display panel of the first embodiment of the
present invention.

[0075] The second embodiment is a case where the above
array glass substrate is made of specific alkali glass and
further the above opposing glass substrate is made of specific
alkali glass, and the respective glass substrates of the above
array glass substrate and the above opposing glass substrate
have different compositions. The liquid crystal display panel
ofthe present invention having the above array glass substrate
and the above opposing glass substrate will be hereinafter
referred to as the liquid crystal display panel of the second
embodiment of the present invention.

[0076] The third embodiment is a case where the above
array glass substrate and the above opposing glass substrate
are made of specific alkali glass having the same composi-
tion. The liquid crystal panel of the present invention having
the above array glass substrate and the above opposing glass
substrate will be hereinafter referred to as the liquid crystal
display panel of the third embodiment of the present inven-
tion.

[0077] Now, the first to third embodiments will be
described.

[0078] The liquid crystal display panel of the first embodi-
ment of the present invention will be described.

[0079] In the liquid crystal display panel of the first
embodiment of the present invention, the above array glass
substrate is an alkali-free glass substrate as shown below, and
further the above opposing glass substrate is an alkali glass
substrate as shown below.

[0080] The above array glass substrate in the first embodi-
ment has a thermal expansion coefficient of from 30x10™" to
80x1077/° C., preferably from 30x1077 t0 65x1077/° C., more
preferably from 35x1077 to 55x1077/° C.

[0081] The array glass substrate in the first embodiment
essentially contains Si0, of from 39 to 70%, preferably from
45to 70%, more preferably from 51 to 64%, based on oxides.
[0082] Further, Al,0; is contained in an amount of from 3
to 25%, preferably from 5 to 25%, more preferably from 10to
22%.

[0083] Further, B,O, is contained in an amount of from 1 to
20%, preferably from 6 to 12%.

[0084] Further, MgO is contained in an amount of from 0 to
10%, preferably from 1 to 7%.

[0085] Further, CaO is contained in an amount of from 0 to
17%, preferably from 2 to 14%.

[0086] Further, SrO is contained in an amount of from 0 to
20%, preferably from 0 to 15%, more preferably from 0.5 to
10%.
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[0087] Further, BaO is contained in an amount of from 0 to
30%, preferably from 0 to 20%, more preferably from O to
1%.

[0088] Here, “%” means “mass%”. The same applies here-
inafter unless otherwise specified.

[0089] Further, the alkali-free glass substrate of the array
glass substrate in the first embodiment has a strain point of
preferably at least 560° C., more preferably at least 600° C.,
furthermore preferably at least 630° C. When the strain point
has such a temperature, it is possible to suppress the dimen-
sional change due to glass thermal shrinkage in a production
step of a TFT array to such an extent that no practical prob-
lems occur, and it is thereby possible to carry out the produc-
tion without any substantial changes from the current produc-
tion step of the TFT array.

[0090] Further, in the present invention, the strain point
means a value obtained by measurement in accordance with
JISR3103.

[0091] Further, the thermal expansion coefficient of the
above opposing glass substrate in the first embodiment is
from 50x1077 to 100x1077/° C., preferably from 50x1077 to
80x1077/° C., more preferably from 60x10~7 to 70x1077/° C.
[0092] The opposing glass substrate in the first embodi-
ment essentially contains SiO, of from 50 to 84%, preferably
from 60 to 84%, more preferably from 64 to 80%, based on
oxide.

[0093] Further, Al,O, is contained in an amount of from 0
to 20%, preferably from 0 to 15%.

[0094] Further, the total content of MgO and CaO (namely,
MgO+Ca0) is from 5 to 25%, preferably from 8 to 18%.
[0095] Further, the total content of Na, O and K,O (namely,
Na,0+K,0) is from 1 to 25%, preferably from 1 to 13%,
more preferably from 2 to 10%.

[0096] Further, MgO is contained in an amount of prefer-
ably from 0 to 15%, more preferably from 0 to 10%.

[0097] Further, CaO is contained in an amount of prefer-
ably from 5 to 25%, more preferably from 10 to 20%.
[0098] Further, Na,O is contained in an amount of prefer-
ably from 1 to 12%, more preferably from 2 to 7%.

[0099]  Further, K,O is contained in an amount of prefer-
ably from 0 to 8%, more preferably from 0 to 4%.

[0100] Such a preferred opposing glass substrate of the first
embodiment may be an alkali glass substrate, which has a
thermal expansion coefficient of from 50x10~7 to 80x10~7/°
C., and its composition consists essentially of, as represented
by mass % based on oxide, from 60 to 84% of SiO,, from 0 to
20% of Al,O4, from 0to 15% of MgO, from 5 to 25% of CaO,
from 1 to 12% of Na,O, from 0 to 8% of K,O and from 1 to
13% of Na,O+K,O. In such a glass substrate, the content of
an alkali component is low and the thermal expansion coef-
ficient is relatively low as compared with usual soda lime
glass. Further, there is such an advantage that the difference in
the thermal expansion coefficient from the above array glass
substrate can be controlled to be small, such being preferred.
[0101] In the case of the liquid crystal display panel in the
first embodiment of the present invention, alkali-free glass is
used as array glass substrate, and therefore it is possible to
suppress the change in conditions under the production step
of the TFT array.

[0102] Now, the liquid crystal display panel of the second
embodiment of the present invention will be described.
[0103] In the liquid crystal display panel of the second
embodiment of the present invention, the above array glass
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substrate is an alkali glass substrate as shown below, and
further the above opposing glass substrate is an alkali glass
substrate as shown below.

[0104] Further, the above array glass substrate and the
above opposing glass substrate have different compositions.
[0105] The above array glass substrate in the second
embodiment has a thermal expansion coefficient of from
75%1077 t0 95x1077/° C., preferably from 80x10~" to 90x10~
7/° C.

[0106] Further, the strain point is at least 530° C., prefer-
ably at least 540° C., more preferably at least 560° C. When
the strain point is such a temperature, it is possible to suppress
a dimensional change due to the glass heat shrinkage in the
production step of a TFT array to such an extent that no
practical problem occurs, and it is thereby possible to carry
out the production without any substantial change from the
current production step of the TFT array.

[0107] Thearray glass substrate in the second embodiment
essentially contains SiO, in an amount of from 50 to 75%,
preferably from 50 to 70%, more preferably from 52 to 65%,
based on oxide.

[0108] Further, Al,O, is contained in an amount of from 0
to 15%, preferably from 1 to 13%, more preferably from 3 to
11%.

[0109] Further, the total content of MgQ, CaO, SrO and
BaO (namely, MgO+CaO+SrO+Ba0) is from 6 to 24%, pref-
erably from 11 to 23%, more preferably from 15 to 22%.
[0110] Further, the total content of Na,O and K, O (namely,
Na,0+K,0) is from 6 to 24%, preferably from 8 to 20%,
more preferably from 10 to 16%.

[0111] Further, MgO is contained in an amount of prefer-
ably from 0 to 10%, more preferably from 1 to 8%.

[0112] Further, CaO is contained in an amount of prefer-
ably from 0 to 15%, more preferably from 1 to 10%.

[0113] Further, SrOis contained in an amount of preferably
from 0 to 15%, more preferably from 0 to 12%.

[0114] Further, BaO is contained in an amount of prefer-
ably from 0 to 15%, more preferably from 0 to 12%.

[0115] Further, ZnO is contained in an amount of prefer-
ably from 0 to 5%, more preferably from 0 to 1%.

[0116] Further, Na,O is contained in an amount of prefer-
ably from 0 to 10%, more preferably from 1 to 6%.

[0117] Further, K,O is contained in an amount of prefer-
ably from 1 to 15%, more preferably from 5 to 13%.

[0118] Further, ZrO, is contained in an amount of prefer-
ably from 0 to 7%, more preferably from 0 to 5%.

[0119] Further, the above opposing glass substrate in the
second embodiment has a thermal expansion coefficient of
from 50x107~7 to 100x1077/° C., preferably from 70x10™" to
100x1077/° C., more preferably from 75x107" to 95x1077/°
C., furthermore preferably from 80x10~7 to 90x1077/° C.
[0120] Theopposing glass substrate in the second embodi-
ment essentially contains SiO, in an amount of from 50 to
84%, preferably from 50 to 80%, more preferably from 60 to
75%, furthermore preferably from 65 to 75%, based on oxide.
[0121] Further, Al,O, is contained in an amount of from 0
to 20%, preferably from 0 to 10%, more preferably from 0 to
8%, furthermore preferably from 0 to 5%.

[0122] Further, the total content of MgO and CaO (namely,
MgO+Ca0) is from 5 to 25%, preferably from 8 to 18%.
[0123] Further, the total content of Na,O and K,O (namely,
Na,0+K,0) is from 1 to 25%, preferably from 5 to 25%,
more preferably from 10 to 20%.
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[0124] Further, MgO is contained in an amount of prefer-
ably from 0 to 10%, more preferably from 0 to 7%.

[0125] Further, CaO is contained in an amount of prefer-
ably from 1 to 25%, more preferably from 3 to 18%.

[0126] Further, Na,O is contained in an amount of prefer-
ably from 5 to 25%, more preferably from 10 to 20%.
[0127] Further, K,O is contained in an amount of prefer-
ably from 0 to 15%, more preferably from 0 to 10%.

[0128] Such an opposing glass substrate of the second
embodiment may preferably be an alkali glass substrate in
which the thermal expansion coefficient is from 70x1077 to
100x1077/° C., and its composition consists essentially of, as
represented by mass %, from 50 to 80% of SiO,, from 0 to
10% of AL, Q,, from 5 to 25% of MgO+CaO and from 5 to
25% of Na,O+K,0O. Further, the difference in the thermal
expansion coefficient from the above array glass substrate is
preferably less than 10x10~"/° C. In such a case, there is such
an advantage that the difference in the thermal expansion
coeflicient can specifically be lowered, such being preferred.
[0129] Such a liquid crystal display panel of the second
embodiment of the present invention has an ability to reduce
the amount of heat shrinkage of a glass substrate by adjusting
conditions of the production step of a TFT array. Thus, it is
possible to use not only an inexpensive glass substrate as the
opposing glass substrate, but also a glass substrate more inex-
pensive than alkali-free glass.

[0130] Now, the liquid crystal display panel of the third
embodiment of the present invention will be described.
[0131] In the liquid crystal display panel of the third
embodiment of the present invention, the above array glass
substrate and the above opposing glass substrate are specific
alkali glass substrates having the same composition.

[0132] The thermal expansion coefficients of the above
array glass substrate and the above opposing glass substrate in
the third embodiment are from 75x1077 to 95x1077/° C.,
preferably from 80x10™7 to 90x10%' 7/° C.

[0133] Further, the strain point is at least 530° C., prefer-
ably at least 540° C., more preferably at least 560° C. In the
case of such a strain point, it is possible to suppress a dimen-
sional change due to glass heat shrinkage in the production
step of a TFT array to such an extent that no practical prob-
lems occur, and it is thereby possible to carry out the produc-
tion without any substantial change from a current production
step of the TFT array.

[0134] Further, the temperature (T,) of glass melt in which
the viscosity n satisfies logn=4, is T,=1,200° C. Namely, the
temperature (T,) of glass melt in which the glass viscosity (1])
is 10* dpa-s (viscosity has an index for formability), is at most
1,200° C.

[0135] Further, T, as a temperature in which the viscosity 1)
satisfies logn=4 means a value obtained by measurement
employing a rotational viscometer.

[0136] Inthethirdembodiment, the alkali glass substrate as
the array substrate and the opposing substrate, essentially
contains SiO, in an amount of from 50 to 75%, preferably
from 50 to 70%, more preferably from 52 to 65%, as repre-
sented by mass % based on oxide.

[0137] Further, Al,O; is contained in an amount of from 0
10 15%, preferably from 1 to 13%, more preferably from 3 to
11%.

[0138] Further, the total content of MgQ, CaQ, SrO and
BaO (namely, MgO+CaO+SrO+Ba0) is from 6 to 24%, pref-
erably from 11 to 23%, more preferably from 15 to 22%.
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[0139] Further, the total content of Na,O and K, O (namely,
Na,0+K,0) is from 6 to 24%, preferably from 8 to 20%,
more preferably from 10 to 16%.

[0140] Further, MgO is contained in an amount of prefer-
ably from 0 to 10%, more preferably from 1 to 8%.

[0141] Further, CaO is contained in an amount of prefer-
ably from 0 to 15%, more preferably from 1 to 10%.

[0142] Further, SrOis contained in an amount of preferably
from 0 to 15%, more preferably from 0 to 12%.

[0143] Further, BaO is contained in an amount of prefer-
ably from 0 to 15%, more preferably from 0 to 12%.

[0144] Further, ZnO is contained in an amount of prefer-
ably from 0 to 5%, more preferably from 0 to 1%.

[0145] Further, Na,O is contained in an amount of prefer-
ably from 0 to 10%, more preferably from 1 to 6%.

[0146] Further, K,O is contained in an amount of prefer-
ably from 1 to 15%, more preferably from 5 to 13%.

[0147] Further, ZrO, is contained in an amount of prefer-
ably from 0 to 7%, more preferably from 0 to 5%.

[0148] Such an alkali glass substrate to be used for the
liquid crystal display panel of the third embodiment of the
present invention has a lower viscosity than the glass sub-
strate disclosed in the above Patent Document 1, whereby
such a glass substrate is more suitable for a process as a float
forming method than a down-draw method. Further, it is
preferred to apply a float forming method since a highly flat
glass substrate can readily be produced.

[0149] Inthe case of such a liquid crystal display panel of
the third embodiment of the present invention, the same com-
positional glass substrate is employed for both the array glass
substrate and the opposing glass substrate, and therefore it is
possible to obtain merits such as a cost reduction in manufac-
turing and the production stability.

[0150] Now, the form of the liquid crystal display panel of
the present invention will be described.

[0151] The form of the liquid crystal display panel of the
present invention is not particularly limited, and it may be a
liquid crystal display panel comprising the above array glass
substrate, the above opposing glass substrate opposing
thereto, a liquid crystal filled between such substrate, and an
ultraviolet curable resin sealing a peripheral area.

[0152] For example, FIG. 1 is a schematic cross-sectional
view showing the same form as in a conventional one.
[0153] Now, FIG. 1 will be described.

[0154] FIG. 1is a schematic cross-sectional view showing
one embodiment of the liquid crystal display panel of the
present invention, wherein array substrate 10 composed of
array glass substrate 12 having active components 15, trans-
parent electrode 14 and alignment film 16 on its surface and
having polarizing plate 18 on its rear surface, is facing oppos-
ing substrate 20 composed of opposing glass substrate 22
having light-shielding film 25, colored film 23, transparent
electrode 24 and alignment film 26 on its surface and having
analyzing plate 28 on its rear surface. Further, the peripheral
areas of array substrate 10 and opposing substrate 20 are
sealed with sealing material 30 of an ultraviolet curable resin,
and array substrate 10 and opposing substrate 20 are fixed via
columnar spacers 32, and their gaps are filled with liquid
crystal 34.

[0155] Further, lighting device 40 is provided on the rear
surface side (the side not facing opposing substrate 20) of
array substrate 10. The light device 40 has a structure in which
a fluorescent lamp having light source 42 and light source
cover 44 covering it, is positioned at the side, a light beam
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comes to the rear surface of the liquid crystal panel by virtue
of light guide plate 46, and the light beam is diffused by light
diffusion plate 48 and reflected by reflection plate 50 to go
through the liquid crystal.

[0156] In such a liquid crystal display panel, respective
components (e.g. spacer material 32, sealing material 30 and
alignment film 16) constituting such a panel, may be conven-
tional ones.

[0157] For example, spacer materials 32 are to keep the
spacing between array substrate 10 and opposing substrate 20
to be an equal spacing, and are formed from e.g. a photosen-
sitive-type resin. They may be formed on array substrate 10
and/or opposing substrate 20.

[0158] Further, sealing material 30 is e.g. an ultraviolet
curable resin, and for example, one called an ultraviolet cur-
able adhesive may usually be used.

[0159] Further, as alignment film 16, a conventional poly-
imide resin film may, for example, be used.

[0160] Now, the process for producing a liquid crystal dis-
play panel of the present invention will be described.

[0161] The process for producing a liquid crystal display
panel of the present invention is not particularly limited, and
for example, it is possible to produce the liquid crystal display
panel by a conventional process.

[0162] A process for producing one having the form
described with reference to FIG. 1 will be described as one
example.

[0163] Firstly, a process for producing the above array sub-
strate and the above opposing substrate of the present inven-
tion will be described.

[0164] The above array substrate is produced in such a
manner that for example, firstly, by using a starting material
suitably selected depending upon the type (composition) of
the glass substrate to be produced, a glass substrate is pro-
duced by a known production process in which e.g. a float
forming process is applied. Then, on the surface of the glass
substrate produced, active components are formed by repeat-
ing usual semiconductor thin film deposition, insulating film
deposition and etching by photolithography-etching process.
Then, a transparent thin film made of e.g. ITO (indium tin
oxide) is formed by means of a deposition method or a sput-
tering method, followed by applying e.g. a photolithography-
etching process.

[0165] Further, the above opposing substrate is produced in
such a manner that for example, firstly, a glass substrate is
produced in the same manner as in the case of the above array
substrate. Then, on the surface of the glass substrate pro-
duced, a chromium film is formed by means of a sputtering
method, followed by applying e.g. a photolithography etch-
ing process to form a desired light-shielding film. Then, a
photosensitive colored resin dispersed with a pigment is
formed and irradiated with an ultraviolet ray by using a mask,
followed by development to form a colored film. Then, a
transparent thin film is formed in the same manner as in the
case of the above array substrate.

[0166] By means of such aprocess, it is possible to produce
the above array substrate and the above opposing substrate of
the present invention.

[0167] Then, a liquid crystal display panel is prepared by
using the above array substrate and the above opposing sub-
strate produced by such a process.

[0168] Firstly, on the periphery of a display area of the
above opposing substrate, an ultraviolet ray curable sealing
material is formed by a screen printing system or a lithogra-
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phy system. Then, a desired amount of liquid crystal is
dropped on a portion surrounded by such a sealing material.
[0169] Then, as shown in FIG. 2, sealing material 30 and
opposing substrate 20 on which liquid crystal 34 is dropped,
are fixed on lower fixed plate 60. On the other hand, array
substrate 10 is fixed on upper fixed plate 62, then air in
vacuum chamber 64 is discharged by vacuum pump 66 to
align the positions of both substrates 10 and 20 in a vacuum
state, followed by letting upper fixed plate 62 down to lami-
nate both substrates 10 and 20 each other.

[0170] Finally, by applying ultraviolet ray from the side of
opposing substrate 20, ultraviolet ray curable sealing material
30 is cured to fix both substrates 10 and 20.

[0171] Others such as a lighting device, a driving circuit
and a polarizing plate are also formed by known methods.
[0172] By means of such a method, it is possible to produce
the liquid crystal display panel of the present invention.

EXAMPLES

[0173] Examples 1 to 3 of the present invention will be
described.

Example 1

[0174] Firstly, glass substrates having compositions shown
in Table 1 and Table 2 are produced by a known production
process employing a float forming method. The size and the
thickness of each glass substrate are within the above pre-
ferred ranges.

[0175] Further, it is possible to obtain the content of each
component contained in the glass substrate by using a chemi-
cal analysis employing e.g. an ICP atomic emission spec-
trometer.

[0176] Then, properties of each glass substrate are
obtained. Values of such properties are shown in each Table.
[0177] Further, the thermal expansion coefficient, the strain
point and T, are values obtained by measurement by the
above methods.

[0178] Further, the specific gravity is a value obtained by
employing a simple densimeter based on the principle of an
Archimedes method.

[0179] Further, Tg (glass transition point) is a value
obtained by reading the temperature at which the thermal
expansion coefficient drastically changes in measurement of
a thermal expansion coefficient by means of TMA.

[0180] Further, Young’s modulus is a value obtained in
accordance with a resonance method (JIS R1602).

[0181] Then, by employing glass substrates having compo-
sitions (mass %) in Examples 1 to 8 shown in Table 1 as glass
substrates for opposing substrates and employing glass sub-
strates having compositions (mass %) in Examples 9 to 18
shown in Table 2 as glass substrates for array substrates,
liquid crystal display panels having the same form as shown
in the above FIG. 1 are produced. Such a production process
is the same conventional method as described above.

[0182] Liquid crystal display panels are produced from the
combinations of glass substrates in Examples 1 to 8 shown in
Table 1 and glass substrates in Examples 9 to 18 shown in
Table 2, and the respective liquid crystal display panels are
kept in a room where the temperature changes from -10 to
60° C.

[0183] As a result, for example, in a case where a combi-
nation is made so that the difference in thermal expansion
coefficient between the two glass substrates exceeds 35x10~
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7/° C. as in a case where the glass substrate in Example 2 in strates having compositions (mass %) in Examples 20 to 22
Table 1 is used as a glass substrate for the opposing substrate shown in Table 4, glass substrates having the same composi-
and the glass substrate in Example 16 in Table 2 is used as the tions are used as the array g]ass substrate and the Qpposing
array substrate, troubles in a liquid crystal display due to glass substrate.
pallllel warlp;agg. ;Fnd o Qciﬁr' Onl th? other han(lichu} atgaset [0188] In each Example, there is no trouble in a liquid
where suc a_710 erence in thermal expansion coeflicient is a crystal display due to panel warpage.
most 35x107'/° C., there is no trouble in a liquid crystal
display due to panel warpage. TABLE 3
[0184] Further, the lower the difference in thermal expan-
sion coefficient between such two glass substrates, the panel Fx. 19
warpage will be small, but when such a difference in the :
thermal expansion coefficient becomes at least 10x1077/° C., 810, 7l
> . . A ALO, 17
both of tl?e weight reduction of a dlsplgy and prov1d1pg of an MgO 37
inexpensive glass substrate can be satisfied, such being pre- Ca0 78
ferred.
TABLE 1
Ex.1 Ex.2 Ex.3 Ex. 4 Ex.5 Ex. 6 Ex. 7 Ex. 8
Si0, 714 606 798 742 51 647 691 723
ALO; 0 149 0 0.6 0 13.1 9.9 6.7
MgO 10 9.8 0 94 4.1 39 34 4
Ca0 14.8 55 14 143 114 108 108 92
Na,0 3.8 73 6.2 15 6.3 6 6.8 6.1
X0 0 1.9 0 0 3.2 15 0 17
Total 100 100 100 100 100 100 100 100
Thermal expansion 68 75 62 60 73 70 67 66
Coefficient (x1077/° C.)
Specific gravity 257 253 246 253 2.5 25 249 247
Tg(° C.) 663 664 617 683 622 656 642 641
T, C.) 1153 1209 1220 1227 1160 1247 1239 1239
TABLE 2
Ex 9 Ex 10 Ex.11 Ex.12 Ex.13 Ex.14 Ex15 Ex.16 Ex17 Ex18
Si0, 600 600 608 572 553 577 450 621 597 567
ALO; 150 120 167 159 172 124 70 191 172 107
B,0; 2.0 1.0 8.3 7.9 8.5 8.5 1.0 7.3 7.8 5.9
MgO 0.0 0.0 1.2 1.1 4.3 4.3 5.0 2.3 3.3 2.0
Ca0 110 130 46 40 90 6.0 5.0 32 4.1 3.1
10 120 140 85 29 56 111 185 6.0 7.8 6.6
BaO 00 00 00 109 00 00 185 0.0 0.1 150
Total 100 100 100 100 100 100 100 100 100 100
Thermal expansion 52 56 35 41 44 47 77 32 38 49
Coefficient (x1077/° C.)
Strain point (° C.) 685 690 660 670 651 638 650 690 665 635
Specific gravity — — 248 2.6 2.55 2,59 3.26 2.46 251 2.7
Example 2
. . . TABLE 3-continued
[0185] InExample 2, a test is carried out in the same man-
ner as in Example 1 except that a glass substrate having a Fx. 19
composition (mass %) in Example 19 shown in Table 3is used
as a glass substrate for the opposing substrate and glass sub- Na,0 13
strates having compositions (mass %) in Examples 20 to 22 K,0 0.7
shown in Table 4 are used as glass substrates for the array
substrates. Total 100
[0186] As aresult, in all combinations, there are no troubles Thermal expansion 87
in a liquid crystal display due to panel warpage. Coefficient (x1077/° C.)
Specific gravity 2.49
Example 3 Tg(*C) 540
T, C.) 1010

[0187] In Example 3, a test is carried out in the same man-
ner as in Example 1 except that with respect to glass sub-
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TABLE 4

Ex. 20 Ex. 21 Ex. 22
8i0, 57.6 60.9 62.6
ALO, 7.0 95 48
MgO 2.0 5.0 49
CaO 5.0 6.1 7.3
SrO 7.0 1.6 32
BaO 8.0 0.0 0.0
Na,O 4.1 49 24
K,0 6.3 9.5 128
710, 3.0 2.5 19
Total 100 100 100
Thermal expansion 83 83 83
Coefficient (x1077/° C.)
Specific gravity 2.77 2.55 2.56
Strain point (° C.) 570 590 586
Young’s medulus (GPa) 76 76 75
T, C.) 1140 1180 1150

INDUSTRIAL APPLICABILITY

[0189] It is possible to produce the liquid crystal display
panel of the present invention at low cost, and it is not neces-
sary to conduct heat treatment during or after the step of
laminating an array substrate with an opposing substrate by
anultraviolet curable resin, whereby there will be no troubles
in a liquid crystal display due to panel warpage, and there will
be no panel warpage which tends to bring a trouble in a liquid
crystal display derived from a change in the ambient tempera-
ture at the time of use, such being extremely useful.

[0190] Theentiredisclosure of Japanese Patent Application
No. 2006-181342 filed on Jun. 30, 2006 including specifica-
tion, claims, drawings and summary is incorporated herein by
reference in its entirety.

What is claimed is:

1. A liquid crystal display panel comprising an array glass
substrate and an opposing glass substrate facing it, in which a
liquid crystal is filled between such substrates, and an ultra-
violet curable resin is sealed at a peripheral area,

wherein the above opposing glass substrate is an alkali

glass substrate, and

the difference in thermal expansion coefficient between the

abovearray glass substrate and the above opposing glass
substrate is at most 35x1077/° C.
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2. The liquid crystal display panel according to claim 1,
wherein the above difference in thermal expansion coefficient
is at most 20x1077/° C.

3. The liquid crystal display panel according to claim 1,
wherein the array glass substrate has a thermal expansion
coefficient of from 30x1077/° C. to 80x1077/° C., and its
composition consists essentially of, as represented by mass %
based on oxide, from 39 to 70% of Si0,, from 3 to 25% of
Al,O;, from 1 to 20% of B,O;, from 0 to 10% of MgO, from
0to 17% of CaO, from 0 to 20% of SrO and from 0 to 30% of
BaO; and the opposing glass substrate has a thermal expan-
sion coefficient of from 50x1077/° C.to 100x1077/°C., and its
composition consists essentially of, as represented by mass %
based on oxide, from 50 to 84% of Si0,, from 0 to 20% of
Al Q;, from 5 to 25% of MgO+CaO and from 1 to 25% of
Na,0+K,0.

4. The liquid crystal display panel according to claim 1,
wherein the array glass substrate has a thermal expansion
coefficient of from 75x1077/° C. to 95x1077/° C. and a strain
point of at least 530° C., and its composition consists essen-
tially of, as represented by mass % based on oxide, from 50to
75% of Si0,, from 0 to 15% of ALO,, from 6 to 24% of
MgO+Ca0+SrO+Ba0 and from 6 to 24% of Na,0+K,0; and
the opposing glass substrate has a thermal expansion coeffi-
cient of from 50x1077/° C. to 100x1077/° C., and its compo-
sition consists essentially of, as represented by mass % based
on oxide, from 50 to 84% of SiO,, from 0 to 20% of Al,O;,
from 5 to 25% of MgO+CaO and from 1 to 25% of Na,O+
K,O.

5. The liquid crystal display panel according to claim 1,
wherein the array glass substrate and the opposing glass sub-
strate are glass substrates having the same composition, the
glass substrates have a thermal expansion coefficient of from
75%1077/° C. 10 95x1077/° C. and the strain point of at least
530° C., the temperature (T,) of glass melt at which the
viscosity m satisfles logn=4 is T,=1200° C., and its compo-
sition consists essentially of, as represented by mass % based
on oxide, from 50 to 75% of Si0,, from 0 to 15% of AL,O;,
from 610 24% of MgO+Ca0O+SrO+Ba0O and from 6 to 24% of
Na,0+K,0.
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