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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2011-
231659, filed Oct. 21, 2011, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] By virtue of such advantageous features as light
weight, small thickness and low power consumption, liquid
crystal display devices have been used in various fields as
display devices of OA equipment, such as personal comput-
ers, and TVs. In recent years, liquid crystal display devices
have also been used as display devices of portable terminal
equipment such as mobile phones, car navigation appara-
tuses, game machines, etc.

[0004] In recent years, liquid crystal display panels of a
fringe field switching (FFS) mode and in-plane switching
(IPS) mode have been put to practical use. The liquid crystal
display panel ofthe FF'S mode or IPS mode is configured such
that a liquid crystal layer is held between an array substrate,
which includes a pixel electrode and a common electrode, and
a counter-substrate. In recent years, there has been proposed
a liquid crystal display device in which low power consump-
tion is realized by low voltage driving.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a view which schematically illustrates a
structure and an equivalent circuit of a liquid crystal display
panel which constitutes a liquid crystal display device accord-
ing to an embodiment.

[0006] FIG.2is across-sectional view which schematically
shows a cross-sectional structure of the liquid crystal display
panel shown in FIG. 1.

[0007] FIG. 3 is a schematic plan view which illustrates a
structure of a pixel in an array substrate shown in FIG. 2, as
viewed from a counter-substrate side.

[0008] FIG. 4 is a graph showing a relationship between a
liquid crystal driving voltage (V) and a transmittance (%)

DETAILED DESCRIPTION

[0009] In general, according to one embodiment, a liquid
crystal display device includes: a first substrate including a
switching element disposed in each of pixels, a common
electrode formed over a plurality of pixels, an insulation film
covering the common electrode, a pixel electrode which is
electrically connected to the switching element and is formed
on the insulation film in each of the pixels and in which a slit
facing the common electrode is formed, and a first alignment
film which covers the pixel electrode and is subjected to
alignment treatment in a direction crossing a major axis of the
slit; a second substrate including a second alignment film
whichis opposed to the first alignment film and is subjected to
alignment treatment in a direction which is parallel to and
opposite to the direction of the alignment treatment of the first
alignment film; and a liquid crystal layer which is held
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between the first alignment film of the first substrate and the
second alignment film of the second substrate and is formed
of'a material having a dielectric constant anisotropy in arange
of +3.3 or more to +5.3 or less at a transition temperature of
75° C.

[0010] Embodiments will now be described in detail with
reference to the accompanying drawings. In the drawings,
structural elements having the same or similar functions are
denoted by like reference numerals, and an overlapping
description is omitted.

[0011] FIG. 1 is a view which schematically shows a struc-
ture and an equivalent circuit of a liquid crystal display panel
LPN which constitutes a liquid crystal display device accord-
ing to an embodiment.

[0012] Specifically, the liquid crystal display device
includes a transmissive liquid crystal display panel LPN of an
active matrix type. The liquid crystal display panel LPN
includes an array substrate AR which is a first substrate, a
counter-substrate CT which is a second substrate that is dis-
posed to be opposed to the array substrate AR, and a liquid
crystal layer LQ which is held between the array substrate AR
and the counter-substrate CT. The liquid crystal display panel
LPN includes an active area ACT which displays an image.
The active area ACT is composed of a plurality of pixels PX
which are arrayed in a matrix of mxn (m and n are positive
integers).

[0013] The array substrate AR includes, in the active area
ACT, an n-number of gate lines G (G1 to Gn) and an n-num-
ber of capacitance lines C (C1 to Cn), which extend in a first
direction X, an m-number of source lines S (S1 to Sm) which
extend in a second direction Y crossing the first direction X, a
switching element SW which is electrically connected to the
gate line G and source line S in each pixel PX, a pixel elec-
trode PE which is electrically connected to the switching
element SW in each pixel PX, and a common electrode CE
which is a part of the capacitance line C and is opposed to the
pixel electrode PE. A storage capacitance CS is formed
between the capacitance line C and pixel electrode PE.
[0014] The common electrode CE is commonly formed
over a plurality of pixels PX. The pixel electrode PE is formed
in an island shape in each pixel PX.

[0015] Each of the gate lines G is led out to the outside of
the active area ACT and is connected to a first driving circuit
GD. Each of the source lines S is led out to the outside of the
active area ACT and is connected to a second driving circuit
SD. Each of the capacitance lines C is led out to the outside of
the active area ACT and is connected to a third driving circuit
CD. For example, at least parts of the first driving circuit GD,
second driving circuit SD and third driving circuit CD are
formed on the array substrate AR and are connected to a
driving IC chip 2. In addition, the first driving circuit GD, the
second driving circuit SD, and the third driving circuit CD
function as a driving module for applying a liquid crystal
driving voltage between the pixel electrode PE and common
electrode CE. In the example illustrated, the driving IC chip 2
is mounted on the array substrate AR, on the outside of the
active area ACT of the liquid crystal display panel LPN, as a
signal source which is necessary for driving the liquid crystal
display panel LPN.

[0016] In addition, the liquid crystal display panel LPN of
the illustrated example is configured to be applicable to an
FFS mode or an IPS mode, and includes the pixel electrode
PE and common electrode CE on the array substrate AR. In
the liquid crystal display panel LPN with this structure, liquid
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crystal molecules, which constitute the liquid crystal layer
LQ, are switched by mainly using a lateral electric field which
is produced between the pixel electrode PE and common
electrode CE (e.g. that part of a fringe electric field, which is
substantially parallel to a major surface of the substrate).

[0017] FIG. 2 is a view which schematically shows a cross-
sectional structure of the liquid crystal display panel LPN
shown in FIG. 1.

[0018] Specifically, the array substrate AR is formed by
using a first insulative substrate 10 with light transmissivity,
such as a glass substrate. The array substrate AR includes the
switching element SW, common electrode CE and pixel elec-
trode PE on an inner surface 10A of the first insulative sub-
strate 10 (i.e. that surface of the first insulative substrate 10,
which is opposed to the counter-substrate CT).

[0019] The switching element SW illustrated in this
example is, for instance, a thin-film transistor (TFT). The
switching element SW includes a semiconductor layer which
is formed of polysilicon or amorphous silicon. In the mean-
time, the switching element SW may be of a top gate type or
a bottom gate type. The switching element SW is covered
with a first insulation film 11.

[0020] The common electrode CE is formed on the first
insulation film 11. The common electrode CE is covered with
a second insulation film 12. The second insulation film 12 is
also disposed on the first insulation film 11. The pixel elec-
trode PE is formed on the second insulation film 12. The pixel
electrode PE is connected to the switching element SW via a
contact hole which penetrates the first insulation film 11 and
second insulation film 12. In addition, the pixel electrode PE
includes slits PSL. which are opposed to the common elec-
trode CE via the insulation film 12. The common electrode
CE and pixel electrodes PE are formed of a transparent,
electrically conductive material such as indium tin oxide
(ITO) or indium zinc oxide (IZO). The pixel electrode PE is
covered with a first alignment film AL1. The first alignment
film AL1 is formed of a material which exhibits horizontal
alignment properties, and is disposed on that surface of the
array substrate AR, which is in contact with the liquid crystal
layer LQ.

[0021] On the other hand, the counter-substrate CT is
formed by using a second insulative substrate 30 with light
transmissivity, such as a glass substrate. The counter-sub-
strate CT includes a black matrix 31 which partitions pixels
PX, color filters 32 and an overcoat layer 33 on an inner
surface 30A of the second insulative substrate 30 (i.e. on that
side of the second insulative substrate 30, which is opposed to
the array substrate AR).

[0022] The black matrix 31 is formed on the inner surface
30A of the second insulative substrate 30 so as to be opposed
to wiring portions, such as gate lines G, source lines S and
switching elements SW, which are provided on the array
substrate AR.

[0023] The color filters 32 are formed on the inner surface
30A of the second insulative substrate 30, and also extend
over the black matrix 31. The color filters 32 are formed of
resin materials which are colored in mutually different colors,
e.g. three primary colors of red, blue and green. A red color
filter, which is formed of a resin material colored in red, is
disposed in association with a red pixel. A blue color filter,
which is formed of a resin material colored in blue, is dis-
posed in association with a blue pixel. A green color filter,
which is formed of a resin material colored in green, is dis-
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posed in association with a green pixel. Boundaries between
the color filters CF of different colors are located above the
black matrix 31.

[0024] Theovercoatlayer 33 covers the color filters 32. The
overcoat layer 33 planarizes asperities on the surface of the
black matrix 31 and color filters 32. The overcoat layer 33 is
formed of a transparent resin material. The overcoat layer 33
is covered with a second alignment film AL2. The second
alignment film AL2 is formed of a material which exhibits
horizontal alignment properties, and is disposed on that sur-
face of the counter-substrate CT, which is in contact with the
liquid crystal layer LQ.

[0025] The above-described array substrate AR and
counter-substrate CT are disposed such that their first align-
ment film A1 and second alignment film ALL2 are opposed to
each other. In this case, a columnar spacer, which is formed on
one of the array substrate AR and counter-substrate CT, cre-
ates a predetermined cell gap between the array substrate AR
and the counter-substrate CT. The array substrate AR and
counter-substrate CT are attached by a sealant in the state in
which the cell gap is created therebetween. The liquid crystal
layer LQ is composed of a liquid crystal composition includ-
ing liquid crystal molecules which are sealed in the cell gap
created between the first alignment film AL1 of the array
substrate AR and the second alignment film AL2 of the
counter-substrate CT. In particular, the liquid crystal layer LQ
is composed of a liquid crystal material having, for example,
a positive (positive-type) dielectric constant anisotropy.
[0026] A backlight BL is disposed on the back side of the
liquid crystal display panel LPN having the above-described
structure. Various modes are applicable to the backlight BL..
As the backlight BL, use may be made of either a backlight
which utilizes a light-emitting diode (LED) as a light source,
or a backlight which utilizes a cold cathode fluorescent lamp
(CCFL) as a light source. A description of the detailed struc-
ture of the backlight BL is omitted.

[0027] A first optical element OD1 including a first polar-
izer PL1 is disposed on an outer surface of the array substrate
AR, that is, an outer surface 10B of the first insulative sub-
strate 10. In addition, a second optical element OD2 including
a second polarizer PL2 is disposed on an outer surface of the
counter-substrate CT, that is, an outer surface 30B of the
second insulative substrate 30. A first polarization axis (or a
first absorption axis) of the first polarizer PL1 and a second
polarization axis (or a second absorption axis) of the second
polarizer PL2 are disposed, for example, in a positional rela-
tionship of crossed Nicols.

[0028] FIG. 3 is a schematic plan view which illustrates the
structure of the pixel PX in the array substrate AR shown in
FIG. 2, as viewed from the counter-substrate CT side. FIG. 3
shows only main parts which are necessary for the descrip-
tion.

[0029] The gate lines G extend in a first direction X. The
gate lines G are disposed with a first pitch along a second
direction’Y which is perpendicular to the first direction X. The
source lines S extend in the second direction Y. The source
lines S are disposed with a second pitch, which is less than the
first pitch, along the first direction X. A switching element is
disposed at an intersection portion between the gate line G
and the source line S, but the depiction of the switching
element is omitted.

[0030] The capacitance line C extends in the first direction
X. Specifically, the capacitance line C is disposed in each
pixel PX and extends above the source lines S, and is com-
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monly formed over a plurality of pixels PX which neighbor in
the first direction X. The capacitance line C includes the
common electrode CE which is formed in association with
each pixel PX.

[0031] The pixel electrode PE of each pixel PX is disposed
above the common electrode CE. Each pixel electrode PE is
formed in each pixel PX in an island shape corresponding to
the pixel shape. In the example illustrated, the pixel electrode
PE is formed in a substantially rectangular shape having short
sides along the first direction X and long sides along the
second direction Y. A plurality of slits PSL, which are
opposed to the common electrode CE, are formed in each
pixel electrode PE. In the example illustrated, each of the slits
PSL extends in the second direction Y and has a major axis
which is parallel to the second direction Y.

[0032] The first alignment film AL1 and second alignment
film AL2 are subjected to alignment treatment (e.g. rubbing
treatment or optical alignment treatment) in mutually parallel
directions in a plane parallel to substrate major surfaces. The
first alignment film AL1 is subjected to alignment treatment
in a direction crossing the slit PSL at an acute angle of 45° or
less. An alignment treatment direction R1 of the first align-
ment film AL1 is, for example, a direction which crosses, at an
angle of 5°to0 15°, the second directionY in which the slit PSL
extends. In addition, the second alignment film AL2 is sub-
jected to alignment treatment in a direction which is parallel
to the alignment treatment direction R1 of the first alignment
film AL1. The alignment treatment direction R1 of the first
alignment film ALL1 and an alignment treatment direction R2
of the second alignment film AL2 are opposite to each other.
[0033] In the liquid crystal display device having the
above-described structure, in a state in which no voltage is
applied to the liquid crystal layer LQ, that is, in a state (OFF
time) in which no electric field is produced between the pixel
electrode PE and common electrode CE, liquid crystal mol-
ecules LM included in the liquid crystal layer LQ are aligned
in the alignment treatment directions of the first alignment
film AL1 and second alignment film AL2 in the plane (the
direction in which the liquid crystal molecules LM are ini-
tially aligned is referred to as “initial alignment direction”).
[0034] At the OFF time, part of light from the backlight BL
passes through the first polarizer PL1 and enters the liquid
crystal display panel LPN. The light, which enters the liquid
crystal display panel LPN, is linearly polarized light which is
perpendicular to the first absorption axis of the first polarizer
PL1. The polarization state of such linearly polarized light
hardly varies when the light passes through the liquid crystal
display panel LPN at the OFF time. Thus, the linearly polar-
ized light, which has passed through the liquid crystal display
panel LPN, is absorbed by the second polarizer PL2 that is in
the positional relationship of crossed Nicols in relation to the
first polarizer PL1 (black display).

[0035] On the other hand, in a state in which a voltage is
applied to the liquid crystal layer LQ, that is, in a state (ON
time) in which a fringe electric field is produced between the
pixel electrode PE and common electrode CE, the liquid
crystal molecules LM are aligned in a direction different from
the initial alignment direction in the plane. In the case of the
positive-type liquid crystal material, the liquid crystal mol-
ecules LM are aligned in a direction which is substantially
parallel to the electric field.

[0036] At such ON time, linearly polarized light, which is
perpendicular to the first absorption axis of the first polarizer
PL1, enters the liquid crystal display panel LPN, and the
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polarization state of such linearly polarized light varies
depending on the alignment state of the liquid crystal mol-
ecules LM when the light passes through the liquid crystal
layer LQ. Thus, at the ON time, at least part of the light
emerging from the liquid crystal layer LQ passes through the
second polarizer PL2 (white display).

[0037] Next, the relationship between the physical proper-
ties of the liquid crystal layer LQ and the driving method in
the embodiment is examined.

[0038] To begin with, a description is given of the relation-
ship between a liquid crystal driving voltage, which is applied
between the pixel electrode PE and common electrode CE,
and a transmittance of the liquid crystal display panel LPN.
[0039] FIG. 4 is a graph showing a relationship between a
liquid crystal driving voltage (V) and a transmittance (%).
[0040] In the example illustrated, liquid crystal display
panels were prepared, which were composed under the same
conditions, except that liquid crystal materials of different
conditions of a dielectric constant anisotropy Ae at a transi-
tion temperature Tni of 75° C. were applied. The variation of
the transmittance in relation to the liquid crystal driving volt-
age was measured. The prepared liquid crystal display panels
are the following five kinds. Panel 1 was composed by apply-
ing a liquid crystal material with the dielectric constant
anisotropy Ae of 1.3. Panel 2 was composed by applying a
liquid crystal material with the dielectric constant anisotropy
Ae of 3.3. Panel 3 was composed by applying a liquid crystal
material with the dielectric constant anisotropy Ae of 5.3.
Panel 4 was composed by applying a liquid crystal material
with the dielectric constant anisotropy Ae of 7.3. Panel 5 was
composed by applying a liquid crystal material with the
dielectric constant anisotropy Ae of 9.3.

[0041] The transmittances in FIG. 4 are normalized by set-
ting the transmittance of Panel 5 at 100% at a time when the
liquid crystal driving voltage of 3.5 V is applied.

[0042] The maximum value of the liquid crystal driving
voltage is setat 5V or less in consideration of the suppression
of increase of the load of the driving circuit, the reduction in
power consumption, and voltage resistance properties. In this
case, the above-described driving module applies a liquid
crystal driving voltage in a range of 0 V to 5V to the liquid
crystal layer. In Panel 2 and Panel 3, when the maximum
value of the liquid crystal driving voltage is set at 5V, the
transmittances monotonously increase in accordance with the
increase of the liquid crystal driving voltage, and the trans-
mittances reach maximum values when the liquid crystal
driving voltage in the neighborhood of the maximum value
(about 5 V) is applied. At this time, the maximum transmit-
tances obtained in Panel 2 and Panel 3 are increased by about
10%, relative to the transmittance obtained in Panel 5 ata time
when the liquid crystal driving voltage of 3.5 V is applied. On
the other hand, in Panel 1, the transmittance monotonously
increases in accordance with the increase of the liquid crystal
driving voltage, but the maximum transmittance obtained in
Panel 1 is lower by about 10% than the transmittance obtained
in Panel 5 at a time when the liquid crystal driving voltage of
3.5Visapplied. Inaddition, in Panel 4 and Panel 5, maximum
transmittances are obtained when a liquid crystal driving
voltage of less than 5 V is applied, but the maximum trans-
mittances obtained in Panel 4 and Panel 5 are lower than the
maximum transmittances obtained in Panel 2 and Panel 3.
[0043] From the above results, it was confirmed that a high
transmittance is obtained in a panel to which a material hav-
ing a dielectric constant anisotropy Ae in a range of +3.3 or
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more to +5.3 or less at the transition temperature Tni of 75° C.
is applied as a liquid crystal material which constitutes the
liquid crystal layer LQ. In addition, it was confirmed that
under the condition that the maximum value of the liquid
crystal driving voltage is 5 V or less, a highest transmittance
is obtained in a panel to which a material having the dielectric
constant anisotropy LE in the range of +3.3 or more to +5.3 or
less is applied.

[0044] Inthe meantime, based onthe following knowledge,
the inventor found that the panel transmittance can be
improved by applying the liquid crystal material having a low
positive dielectric constant anisotropy Ae. Specifically, a lig-
uid crystal material with a high dielectric constant anisotropy
Ae has a relatively high sensitivity to an electric field, and thus
a maximum transmittance is obtained when a relatively low
liquid crystal driving voltage is applied. Accordingly, there is
a tendency that a liquid crystal driving voltage, with which a
maximum transmittance is obtained, becomes higher in a
panel to which a liquid crystal material with a lower dielectric
constant anisotropy Ae is applied, and this tendency can be
perceived from the above measurement results. In addition,
the liquid crystal material with a high dielectric constant
anisotropy Ae has a relatively high sensitivity to an electric
field, liquid crystal molecules, which are initially aligned
substantially in parallel to substrate major surfaces, are raised
relative to the substrate major surfaces at the time of applica-
tion of voltage, and a substantial retardation An-d of the liquid
crystal layer LQ lowers. In this case, An is a refractive index
anisotropy of the liquid crystal material, and d corresponds to
the cell gap in which the liquid crystal layer is held. Thus,
there is a tendency that a maximum transmittance that is
obtained becomes lower in a panel to which a liquid crystal
material with a higher dielectric constant anisotropy Ae is
applied, and this tendency can be perceived from the above
measurement results. Based on this knowledge, in the present
embodiment, the liquid crystal display panel is formed by
applying a material having the dielectric constant anisotropy
Ae in the range of +3.3 or more to +5.3 or less.

[0045] On the other hand, by applying a liquid crystal mate-
rial having a low dielectric constant anisotropy Ae, it is pos-
sible to increase the response speed at a time when a gray
scale, which is to be displayed in each pixel, is varied. Spe-
cifically, there is a tendency that a liquid crystal material
having a lower dielectric constant anisotropy Ae has a lower
viscosity coefficient y1 (mPa-s), and there is a tendency that a
liquid crystal material having a lower transition temperature
Tni has a lower viscosity coefficient y1 (mPa-s). By lowering
the viscosity of the liquid crystal material, the response speed
can be increased, regardless of the magnitude of the liquid
crystal driving voltage.

[0046] For example, the viscosity coefficient yl was 48
mPa-s in a liquid crystal material having a dielectric constant
anisotropy Ae of 3.3 at a transition temperature Tni of 75° C.
A liquid crystal display panel, to which the liquid crystal
material of this condition was applied, corresponds to Panel 2
in FIG. 4. It was confirmed that when this panel was driven by
setting the maximum value of the liquid crystal driving volt-
age at 5V, a high transmittance was obtained as described
above, and the response speed was successfully made higher
than in the case in which a negative-type liquid crystal mate-
rial was applied.

[0047] As has been described above, according to the
present embodiment, a liquid crystal display device which
can enhance the transmittance can be provided.
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[0048] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate including a switching element disposed in
each of pixels, a common electrode formed over a plu-
rality of pixels, an insulation film covering the common
electrode, a pixel electrode which is electrically con-
nected to the switching element and is formed on the
insulation film in each of the pixels and in which a slit
facing the common electrode is formed, and a first align-
ment film which covers the pixel electrode and is sub-
jected to alignment treatment in a direction crossing a
major axis of the slit;

a second substrate including a second alignment film
which is opposed to the first alignment film and is sub-
jected to alignment treatment in a direction which is
parallel to and opposite to the direction of the alignment
treatment of the first alignment film; and

a liquid crystal layer which is held between the first align-
ment film of the first substrate and the second alignment
film of the second substrate and is formed of a material
having a dielectric constant anisotropy in a range of +3.3
or more to +5.3 or less at a transition temperature of 75°
C.

2. The liquid crystal display device of claim 1, further
comprising a driving module for applying a liquid crystal
driving voltage between the pixel electrode and the common
electrode, wherein a maximum value of the liquid crystal
driving voltage, which is applied by the driving module, is 5
V or less.

3. The liquid crystal display device of claim 2, wherein a
highest transmittance is obtained when the liquid crystal driv-
ing voltage of the maximum value is applied by the driving
module.

4. The liquid crystal display device of claim 3, wherein the
liquid crystal layer is formed of a material having the dielec-
tric constant anisotropy of +3.3 at the transition temperature
of 75° C.

5. The liquid crystal display device of claim 4, wherein a
viscosity coefficient of the material, of which the liquid crys-
tal layer is formed, is 48 mPa-s.

6. The liquid crystal display device of claim 1, further
comprising a first polarizer which is disposed on an outer
surface of the first substrate, and a second polarizer which is
disposed on an outer surface of the second substrate, wherein
a first polarization axis of the first polarizer and a second
polarization axis of the second polarizer are perpendicular to
each other.

7. The liquid crystal display device of claim 1, wherein the
direction of the alignment treatment of the first alignment film
crosses the major axis of the slit at an angle of 5° to 15°.
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https://worldwide.espacenet.com/patent/search/family/048135695/publication/US2013100384A1?q=US2013100384A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130100384%22.PGNR.&OS=DN/20130100384&RS=DN/20130100384

