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(57) ABSTRACT

A liquid crystal display device includes first and second
substrates, liquid crystal molecules positioned between the
first and second substrates, a heat generating electrode for
generating heat in response to a direct current being supplied
to the heating electrode, and a backlight unit for irradiating
light onto the first and second substrates.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present invention claims the benefit of Korean
Patent Application No. 115619/2004 filed in Korea on Dec.
29, 2004, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device,
and particularly, to a liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] Recently, liquid crystal display (hereinafter, called
“LCD”) devices have better image quality due to the
improvement of liquid crystal materials and the develop-
ment of fine pixel processing techniques. Further, LCD
devices are light, thin and have low power consumption. The
range of applications for LCD devices is increasing. An
LCD device includes a liquid crystal display (LCD) panel,
a driving circuit unit for driving the LCD panel and a
backlight unit for supplying light to the LCD panel. The
LCD panel has liquid crystal cells arranged in a matrix
format. More particularly, the LCD panel has liquid crystal
cells between two glass substrates (i.e., upper and lower
substrates). Each of the liquid crystal cells includes a switch-
ing device (i.e., TFT array) for switching signals supplied to
the liquid crystal cells. A driving circuit unit is connected to
a printed circuit board for driving the LCD panel. The LCD
panel is mounted on a member together with the backlight
unit, to thereby form an LCD device.

[0006] FIGS.1 and 2 are plan views illustrating an LCD
panel mounted on a member. More particularly, FIG. 1 is a
plan view of the related art liquid crystal display device, and
FIG. 2 is a cross-sectional view of the related art liquid
crystal display device taken along line I-I'. As shown in FIG.
1, an LCD device 1 includes an LCD panel 10 and a
backlight unit 15 disposed under the LCD panel 10 for
supplying light to the LCD panel 10. Meanwhile, a driving
circuit unit (not shown) for driving the LCD panel 10 is
connected to one side of the LCD panel 10.

[0007] The LCD panel 10 and the backlight unit 15 are
mounted on a mold frame 20. The LCD panel 10 and the
backlight unit 15 are fixed to the mold frame 20 by atop case
19 compressing an edge of an upper surface of the LCD
panel 10 and coupled with the side of the mold frame 20. A
bottom cover 17 for supporting and protecting the mold
frame 20 is provided under the mold frame 20.

[0008] The backlight unit 15 includes lamps for generating
light. An optical sheet is positioned over the lamps for
efficiently supplying the light generated from the lamps to
the LCD panel 10. The optical sheet includes a light guide
plate, a diffusion plate and prism sheets.

[0009] The LCD panel 10 is constructed by attaching a
color filter substrate 10a to a thin film transistor substrate
104 with a cell gap therebetween. Liquid crystal molecules
are positioned in the cell gap. Polarization plates 134 and
134 are attached to both surfaces of the LCD panel 10.

[0010] A color filter and a black matrix are formed on the
color filter substrate 10a. A transparent electrode 11 is
formed at the rear surface of the color filter substrate 10a.

1. Field of the Invention
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The transparent electrode 11 discharges static electricity that
accumulates on the LCD panel 10 to the outside. The
transparent electrode 11 is connected to the top case 19 and
the bottom cover 17 by a conductive tape 18. Accordingly,
the static electricity generated at the LCD panel 10 is
supplied by the conductive tape 18 to the top case 19 and the
bottom cover 17, which are grounded.

[0011] A common electrode and a pixel electrode for
generating an in-plane field and driving liquid crystal mol-
ecules are formed on the thin film transistor substrate 105.
In the alternative, the common electrode may be formed on
the color filter substrate 10a. In this case, the liquid crystal
molecules are controlled by a vertical electric field generated
between the pixel electrode and the common electrode. The
LCD device displays an image by driving the liquid crystal
molecules according to signals applied to the pixel elec-
trodes.

[0012] In general, liquid crystal molecules can be driven
within a temperature range of —=20° C. to 60° C. Thus, when
an LCD panel is used with a temperature outside of the
temperature range of -20° C. to 60° C., an image cannot be
normally displayed. For example, if an LCD panel is used in
as a display for an airplane, it may not be possible to
normally display an image in an environment below -20° C.

[0013] When the LCD panel is driven in a low-tempera-
ture environment (below -20° C.), the movement of the
liquid crystal molecules is slow and thus the screen can not
be normally driven. However, after a certain period of time,
normal driving is possible. This is because heat generated
from the backlight is transmitted to the LCD panel, thereby
increasing the temperature of the liquid crystal molecules.
Accordingly, since a temperature range in which liquid
crystal molecules can be driven is limited in the related art,
an image can not normally be displayed in a very low
temperature state, which is outside the normal temperature
range for driving an LCD panel.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
liquid crystal display device that substantially obviates one
or more of the problems due to limitations and disadvan-
tages of the related art.

[0015] An object of the present invention is to provide a
liquid crystal display device that can display an image at a
low temperatures.

[0016] Another object of the present invention is to pro-
vide a liquid crystal display device having improved reli-
ability at low temperatures.

[0017] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0018] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
liquid crystal display device including first and second
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substrates, liquid crystal molecules positioned between the
first and second substrates, a heat generating electrode for
generating heat in response to a direct current being supplied
to the heating electrode, and a backlight unit for irradiating
light onto the first and second substrates.

[0019] In another aspect, a liquid crystal display device
includes a liquid crystal display panel having first and
second substrates facing each other and liquid crystal mol-
ecules positioned between the first and second substrates, a
backlight disposed under the display panel for supplying
light to the liquid crystal display panel, a mold frame for
mounting and affixing the liquid crystal display panel and
the backlight, and a heat generating electrode for generating
heat.

[0020] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0022] In the drawings:

[0023] FIG.1isaplan view of the related art liquid crystal
display device.

[0024] FIG. 2 is a cross-sectional view of the related art

liquid crystal display device taken along line I-T';

[0025] FIG. 3 is a cross-sectional view of a liquid crystal
display device in accordance with an embodiment of the
present invention;

[0026] FIG. 4 is a plan view of a unit pixel on the thin film
transistor substrate of the liquid crystal display device in
accordance with an embodiment of the present invention;

[0027] FIG. 5 is cross-sectional view taken along line
II-IT" of FIG. 4, including the color filter substrate;

[0028] FIG. 6 illustrates a first exemplary embodiment of
a heat generating electrode in accordance with an embodi-
ment present invention;

[0029] FIG. 7 illustrates a second exemplary embodiment
of a heat generating electrode in accordance with an embodi-
ment present invention; and

[0030] FIG. 8 illustrates a third exemplary embodiment of
a heat generating electrode in accordance with an embodi-
ment present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] Reference will now be made in detail to a liquid
crystal display (LCD) device of the present invention,
examples of which are illustrated in the accompanying
drawings, hereinafter.

[0032] FIG. 3 is a cross-sectional view of a liquid crystal
display device in accordance with an embodiment of the
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present invention. FIG. 4 is a plan view of a unit pixel on
the thin film transistor substrate of a liquid crystal display
device in accordance with an embodiment of the present
invention. FIG. 5 is cross-sectional view taken along line
TI-IT' of FIG. 4, including the color filter substrate. FIG. 5
is a view schematically illustrating the rear of a second
substrate including a heat generating electrode.

[0033] FIG. 3 is a cross-sectional view of a liquid crystal
display device in accordance with an embodiment of the
present invention. As shown in FIG. 3, an LCD device in
accordance with an embodiment of the present invention
includes an LCD panel having first and second substrates
100 and 200, which are attached by a seal 350 to form a cell
gap therebetween. A layer of liquid crystal molecules 300 is
positioned in the cell gap between the first and second
substrates 100 and 200. A backlight unit 400 is installed
under the second substrate 200 for supplying light to the first
and second substrates 100 and 200.

[0034] First and second polarization plates 110 and 310
are respectively attached to the rear and front surfaces of the
first substrate 100 and the second substrate 200. A heat
generating electrode 250 is interposed between the second
substrate 200 and the second polarization plate 310. The heat
generating electrode 250 generates heat in response to a
direct current supplied to the heat generating electrode. The
temperature of the liquid crystal molecules 300 between the
first and second substrates 100 and 200 is increased by the
heat from the heat generating electrode.

[0035] Although not illustrated in FIG. 3, the backlight
unit 400 includes lamps for generating light. Further, the
backlight unit 400 can include and an optical sheet for
efficiently distributing the light generated from the lamps
across the entire surface of the LCD panel. The optical sheet
can include a light guide plate, a diffusion plate and prism
sheets.

[0036] As shown in FIG. 3, the LCD panel (P) and the
backlight unit 400 are mounted on a mold frame 500. The
LCD panel (P) and the backlight unit 400 are affixed to the
mold frame 500 by a top case 510 compressing an edge of
an upper surface of the second substrate 200 and coupled
with the side of the mold frame 500. A bottom cover (not
illustrated) for supporting and protecting the mold frame 500
is provided under the mold frame 500.

[0037] FIG. 4 is a plan view of a unit pixel on the thin film
transistor substrate of the liquid crystal display device in
accordance with an embodiment of the present invention.
FIG. 5 is cross-sectional view taken along line II-II' of FIG.
4, including the color filter substrate. As shown in FIGS. 4
and 5, gate lines 101 arranged in a first direction and data
lines 103 arranged in a second direction on the transparent
substrate 100 cross each other to define pixel regions. A
switching device 109 is formed adjacent to the crossing of
a gate line 101 and a data line 103. The switching device 109
can be a thin film transistor that includes a gate electrode
101a, a semiconductor layer 105 formed on the gate elec-
trode 101a, and source/drain electrodes 102a and 1026
disposed on the semiconductor layer 105 at a predetermined
interval.

[0038] At least a common electrode 106 and a pixel
electrode 107, which generate an in-plane electric field, are
formed in each of the pixels. In addition, a common line 104
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for electrically connecting the common electrode 106 is
arranged parallel to the gate line 101, and a pixel electrode
line 114 for electrically connecting the pixel electrode 107 is
disposed on the common line 104. The common line 104 and
the pixel electrode line 114 have a gate insulation layer 108
interposed therebetween to form a storage capacitor (Cst). A
passivation film 111 is formed over the pixel electrode 107
and the pixel electrode line 114.

[0039] Although the common electrode 106 is formed on
the first substrate 100, and the pixel electrode 107 is formed
on the gate insulation layer 108 in FIGS. 4 and 5, locations
of the common electrode 106 and the pixel electrode 107 are
not limited in embodiments of the present invention. The
common electrode 106 and the pixel electrode 107 can be
formed on the passivation film 111. The common electrode
106 and the pixel electrode 107 may be formed of transpar-
ent conductive materials. In the alternative, the pixel elec-
trode can be formed on the first substrate and the common
electrode may be formed on the second substrate such that
the liquid crystal molecules are driven by a vertical electric
field generated between the pixel electrode and the common
electrode.

[0040] A black matrix 221 for preventing light leakage
between the pixels is formed on the second substrate 200. A
color filter 223 for providing color display capabilities is
also formed on the second substrate 200. Alignment layers
112 and 212 for determining an initial alignment direction of
liquid crystal molecules are applied at facing surfaces of the
first substrate 100 and the second substrate 200.

[0041] The LCD panel controls light transmission by
driving liquid crystal molecules 300 with an in-plane electric
field generated by the pixel electrode 107 and the common
electrode 106. In the related art, an LCD device can only be
reliably driven when temperatures external to the device are
in a temperature range of -20° C. to 60° C. However, in
embodiments of the present invention, an LCD device can
be driven when external temperatures are below -20° C. by
providing a heat generating electrode 250 that supplies heat
to the liquid crystal molecules of the LCD device when a
direct current is supplied to the heat generating electrode
250.

[0042] Although not illustrated in the drawing, a heating
pad for supplying a direct current to the heat generating
electrode 250 is separately formed on the first substrate 100.
The heating pad can be formed together when forming a gate
pad and a data pad (not illustrated). The heat generating
electrode 250 and the heating pad can be connected to each
other by a conductive tape formed of an Al material.

[0043] A driving circuit unit for driving the L.CD panel is
connected to one side of the LCD panel. The gate pad and
the data pad formed at one side of the gate lines and the data
lines of the first substrate are connected to the driving circuit
unit. Accordingly, the heating pad can be formed together in
the process of forming the gate pad and the data pad so as
to be formed without a separate additional process.

[0044] When the LCD panel comes in contact with an
electrified object from the outside, electrification of the color
filter substrate affects an arrangement state of the liquid
crystal molecules located under the color filter substrate (i.e.,
liquid crystal molecules in an upper portion of the liquid
crystal layer), and image quality deteriorates because of the
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abnormal arrangement of the liquid crystal molecules. In the
case of the common electrode being formed on the color
filter substrate, the effects of static electricity are minimal. In
the case of an in-plane switching mode in which the com-
mon electrode and the pixel electrode are formed on the
same substrate, since no metal layer exists on the color filter
substrate, the problem of static electricity generation is
worse.

[0045] To prevent deterioration in image quality caused by
static electricity in an in-plane switching mode LCD device,
a transparent electrode is separately formed at the rear
surface of the color filter substrate. In the embodiments of
the present invention, the heat generating electrode 250 is
formed in the same process step when forming the electrode
for reducing the effect of static electricity. In other words,
the heat generating electrode 250 can serve as the electrode
to reduce the effect of static electricity. Thus, the heat
generating electrode 250 is formed without a separate addi-
tional fabrication process. The heat generating electrode 250
prevents static electricity from accumulating on the LCD
panel and simultaneously generates heat such that the heat
generating electrode 250 serves as a heater for increasing the
temperature of the liquid crystal molecules in the LCD
panel.

[0046] On the other hand, an LCD device in which the
common electrode and the pixel electrode are formed on
different substrates, the heat generating electrode 250 is
formed at the rear surface of the color filter substrate through
a separate additional process. In the alternative, an addi-
tional heating electrode can also be formed at the rear
surface of the color filter substrate. In either case, the heat
generating electrode 250 may be formed of a transparent
conductive material, such as ITO (indium tin oxide) or IZO
(indium zinc oxide).

[0047] When a direct current is supplied to the heat
generating electrode 250 through the heating pad, heat is
generated as result of the sheet resistance of the heat
generating electrode 250. Thus, the temperature of the liquid
crystal molecules increase because of the heat generated.
Since the generated heat is in proportion to the sheet
resistance, the amount of generated heat can be controlled by
changing an area or the thickness of the heat generating
electrode 250. The heat generating electrode 250 may be
formed over the entire surface of the second substrate 200 or
formed as a pattern on the second substrate 200. In order to
generate the same amount of heat, the thickness of the heat
generating electrode 250 according to the above two cases
are formed differently from each other.

[0048] FIGS. 6 to 8 illustrate additional exemplary
embodiments of how a heat generating electrode can be
formed on the second substrate. FIG. 6 illustrates a first
exemplary embodiment of a heat generating electrode in
accordance with the present invention. As shown in FIG. 6,
a heat generating electrode 250a may be formed over the
entire surface of the second substrate 200. The color filter
220 and the black matrix 221 are formed at an opposite side
to the heat generating electrode 250a. The color filter
regions 223 shown in FIG. 6 is a pixel region where an
image is actually displayed.

[0049] The direct current is supplied to the heat generating
electrode 2504 may interfere with the electric field generated
between the pixel electrode and the common electrode. To
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minimize the deterioration of image quality that is caused by
such interference, the heat generating electrode 250a is
implemented in a pattern form. FIG. 7 illustrates a second
exemplary embodiment of a heat generating electrode in
accordance with the present invention. As shown in FIG. 7,
a heat generating electrode 2505 may be formed in a pattern
corresponding to the black matrix 221. When the heat
generating electrode 2505 is formed corresponding to the
black matrix 221, deterioration in image quality is reduced
because the effect of the direct current upon the electric field
between the pixel electrode and the common electrode is
greatly reduced as compared to the prior embodiment shown
in FIG. 6.

[0050] FIG. 8 illustrates a third exemplary embodiment of
a heat generating electrode in accordance with the present
invention. The interference due to the direct current may be
reduced by forming a heat generating electrode 250¢ at a
position corresponding to the pixel region, as shown in FIG.
8. That is, portions of the heat generating electrode pattern
250c that are not carrying the direct current of the heat
generating electrode coincides with the pixel electrode. In
other words, fingers extend over the pixel regions to conduct
heat to the pixel regions from another portion of the heating
electrode through which current passes. Accordingly, dete-
rioration in image quality can be reduced as compared to the
prior embodiment shown in FIG. 5 by forming the heat
generating electrode 250¢ in a pattern covering the pixel
region to conduct heat to the pixel region without current
passing through that portion of the pattern. However, a heat
generating electrode in accordance with the present inven-
tion is not limited to a specific pattern but can be formed in
any shape so long as the heat generating electrode can
increase the temperature of liquid molecules to a tempera-
ture range in which the liquid crystal molecules can be
reliably driven. As described in the examples above, to
lessen an effect of a direct current, which is supplied to the
heat generating electrode, the heat generating electrode may
be designed to have appropriate pattern to prevent deterio-
ration of image quality.

[0051] As described, the embodiments of present inven-
tion allow the display of an image in spite of a LCD device
being in an environment in which the temperature is below
-20° C. by increasing the temperature of the liquid crystal
molecules with a heat generating electrode and thus being
able to normally drive the liquid crystal molecules. The heat
generating electrode can be formed without a separate
additional fabrication process. Further, the heat generating
electrode can prevent the build up of static electricity in an
in-plane switching mode LCD device.

[0052] A separate heat generating electrode can be formed
at the rear surface of the color filter substrate. In this
instance, the heat generating electrode may be formed over
an entire surface of the color filter substrate or formed in a
pattern. The heat generating electrode is not limited to any
specific shape or pattern.

[0053] Embodiments of the present invention have a heat
generating electrode for increasing the temperature of the
liquid crystal molecules in a LCD device at low environ-
mental temperatures where liquid crystal molecules typi-
cally cannot be driven. Embodiments of the present inven-
tion can be applied to all kinds of LCD devices and are not
limited to IPS (in plane switching) and TN (twisted nematic)
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modes. Further, a heat generating electrode, which is formed
at the rear of the color filter substrate, can be used in all types
of LCD devices. As described above, according to embodi-
ments of the present invention, since a heat generating
electrode for increasing the temperature of liquid crystal
molecules is additionally formed at the rear of the color filter
substrate, an image can be displayed despite a low environ-
mental temperature.

[0054] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:
1. A liquid crystal display device comprising:

first and second substrates;

liquid crystal molecules positioned between the first and
second substrates;

a heat generating electrode formed for generating heat in
response to a direct current being supplied to the
heating electrode; and

a backlight unit for irradiating light onto the first and
second substrates.
2. The device of claim 1, wherein the first substrate
includes:

a plurality of gate lines arranged in a first direction on a
transparent substrate;

a plurality of data lines arranged perpendicular to the gate
lines and defining a plurality of pixels;

a thin film transistor formed adjacent to a crossing of the
gate line and the data line; and

a pixel electrode and a common electrode for generating
an in-plane field in the pixel.
3. The device of claim 1, wherein the second substrate
comprises:

a black matrix formed on the second substrate; and

a color filter formed on the black matrix.

4. The device of claim 3, wherein the heat generating
electrode has a pattern at a rear surface of the second
substrate corresponding to the black matrix.

5. The device of claim 2, wherein the heat generating
electrode has a pattern at a rear surface of the second
substrate in which fingers extend over the pixels to conduct
heat to the pixel regions from another portion of the heat
generating electrode through which the direct current passes.

6. The device of claim 1, wherein the heat generating
electrode is formed over an entire surface of at least one of
the first and second substrates.

7. The device of claim 1, further comprising:

a heating pad electrically connected to the heat generating
electrode on the first substrate for supplying the direct
current to the heat generating electrode.

8. The device of claim 1, wherein the heat generating

electrode and the heating pad are electrically connected to
each other by a conductive tape.
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9. The device of claim 8, wherein the conductive tape is
formed of an Al material.

10. The device of claim 1, wherein the heat generating
electrode is formed of a transparent material.

11. The device of claim 10, wherein the transparent
material is formed of one of indium tin oxide and indium
zine oxide.

12. The device of claim 1, wherein the heating electrode
is at a rear surface of the second substrate.

13. A liquid crystal display device comprising:

a liquid crystal display panel including first and second
substrates facing each other and liquid crystal mol-
ecules positioned between the first and second sub-
strates;

abacklight disposed under the liquid crystal display panel
for supplying light to the liquid crystal display panel;

amold frame for mounting and affixing the liquid crystal
display panel and the backlight; and

a heat generating electrode for generating heat.
14. The device of claim 13, wherein the second substrate
includes:

a black matrix formed on the second substrate; and

a color filter formed on the black matrix.

15. The device of claim 14, wherein the heat generating
electrode is formed in a pattern at a rear surface of the
second substrate corresponding to the black matrix.

16. The device of claim 13, further comprising:

a plurality of gate lines arranged in a first direction on the
first substrate;
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a plurality of data lines arranged perpendicular to the gate
lines and defining a plurality of pixels; and

the heat generating electrode has a pattern form disposed
in a direction of the long side of the pixel and covers the
width of the pixel,

wherein the heat generating electrode has a pattern in
which fingers extend over the pixels to conduct heat to
the pixel regions from another portion of the heat
generating electrode through which direct current
passes.
17. The device of claim 13, wherein the heat generating
electrode is formed over an entire surface of at least one of
the first and second substrates.

18. The device of claim 13, further comprising:

a heating pad electrically connected to the heat generating
electrode on the first substrate for supplying the direct
current to the heat generating electrode.

19. The device of claim 13, wherein the heat generating
electrode and the heating pad are electrically connected to
each other by a conductive tape.

20. The device of claim 19, wherein the conductive tape
is formed of an Al material.

21. The device of claim 13, wherein the heat generating
electrode is formed of one of indium tin oxide and indium
zine oxide.

22. The device of claim 13, wherein the heating electrode
is at a rear surface of the second substrate.
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