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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority of Japanese
Patent Application No. 2005-038099 filed on Feb. 15, 2005,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device provided with a plurality of sub-picture element elec-
trodes to which mutually different voltages are applied in one
picture element region.

2. Description of the Related Art

Liquid crystal display devices have advantages over Cath-
ode Ray Tube (CRT) in that they are thin, light, and capable of
being driven by a low voltage with small power consumption.
Accordingly, liquid crystal display devices are used for vari-
ous electronic instruments such as televisions, notebook per-
sonal computers (PC), desktop computers, personal digital
assistants (PDA), and mobile phones. In particular, a liquid
crystal display device of an active matrix type provided with
a thin film transistor (TFT) as a switching element per each
picture element (sub-pixel) exhibits display characteristics as
good as those of the CRT due to its high driven capabilities
and is widely used, for desktop PCs and televisions for
example, in the area where the CRT has been used.

Generally, a liquid crystal display device is configured of
two transparent substrates and a liquid crystal filled in a space
between these substrates. Picture element electrodes, TFTs,
and the like are formed for each picture element on one
substrate whereas color filters opposite to picture element
electrodes and a common electrode common to each picture
element are formed on the other substrate. Hereinafter, a
substrate on which the picture electrodes and TFTs are
formed is referred to as a TFT substrate and a substrate placed
opposite to the TFT substrate is referred to as an opposite
substrate. Moreover, a structure configured by filling a liquid
crystal in a space between the TFT substrate and the opposite
substrate is called a liquid crystal panel.

Twisted nematic (TN) liquid crystal display devices
formed by filling the horizontally aligned liquid crystals (the
liquid crystals with positive dielectric anisotropy) in a space
between two substrates and twisting and aligning liquid crys-
tal molecules have hitherto been widely used. However, the
TN liquid crystal display devices are associated with draw-
backs such as the poor viewing angle characteristics and large
changes in contrasts and color tones when viewed from an
oblique direction. Accordingly, multi-domain vertical align-
ment (MVA) liquid crystal display devices have been devel-
oped and put to practical use.

Incidentally, although the conventional MVA liquid crystal
display devices exhibit favorable viewing angle characteris-
tics compared to the TN liquid crystal display devices, a
phenomenon where the screen appears whitish occurs when
viewed from an oblique direction.

FIG. 1 is a diagram showing T-V (transmittance-applied
voltage) characteristics when viewing a screen from the front
and from the direction 60° above. In FIG., 1, the horizontal
axis represents voltage applied, and the vertical axis repre-
sents transmittance. As shown in FIG. 1, when a voltage
somewhat higher than the threshold voltage is applied to a
picture element electrode (the area enclosed by a circle in the
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figure), transmittance when viewed from an oblique direction
becomes higher than that when viewed from the front. In
addition, when the applied voltage is enhanced to some
extent, the transmittance when viewed from an oblique direc-
tion becomes lower than that when viewed from the front.
Accordingly, differences in brightnesses among red, green,
and blue picture elements becomes small when viewed from
oblique directions and a phenomenon where the screen
appears whitish occurs as described earlier. This phenomenon
is called a “wash out”. Wash outs occur not only in MVA
liquid crystal display devices but also in TN liquid crystal
display devices.

A provision of a plurality of sub-picture element electrodes
in one picture element and capacitively coupling these sub-
picture element electrodes are proposed in the specification of
U.S. Pat. No. 4,840,460. Since the voltage applied to each
sub-picture element electrode is determined according to
capacitances between each of sub-picture element electrodes
in such liquid crystal display devices, it is possible to apply
mutually different voltages to each sub-picture element elec-
trode. Therefore, a plurality of regions with different thresh-
old values for T-V characteristics are apparently present in
one picture element region. When there is a plurality of
regions with different threshold values for T-V characteristics
in one picture element region as described so far, T-V char-
acteristics of that picture element region will be the T-V
characteristics of combined T-V characteristics of each sub-
picture element region. As a result, a phenomenon where the
transmittance when viewed from an oblique direction
becomes higher than that when viewed from the front is
suppressed, and thus the phenomenon where screen appears
whitish (wash out) is also suppressed.

Moreover, a liquid crystal display device formed by divid-
ing a picture element electrode into a plurality of sub-picture
element electrodes and placing a control electrode below each
sub-picture element electrode with an insulating film inter-
posed in between the control electrode and each sub-picture
element electrode in order to improve viewing angle charac-
teristics 1s also disclosed in Japanese Patent Laid-open Offi-
cial Gazette No. Hei. 5-66412. In this liquid crystal display
device, the same voltage is applied to each control electrode
via the TFT and the voltage in accordance with the capaci-
tance between the control electrode and the sub-picture ele-
ment electrode is applied to each sub-picture element elec-
trode.

A method of improving displaying characteristics by
dividing one picture element region into a plurality of sub-
picture element regions with different T-V characteristics as
described in these official gazettes is called the halftone gray-
scale (HT) method.

FIG. 2 is a schematic diagram showing an example of a
conventional MVA liquid crystal display device adopting the
HT method. One picture element is divided into a first sub-
picture element region Al and a second sub-picture element
region A2 in this liquid crystal display device.

TFT (not shown), an insulating film 11, a control electrode
12a connected to a source electrode 12 of the TFT, a first
sub-picture element electrode 13a, and a second sub-picture
element electrode 135 are formed on a TFT substrate 10. The
first sub-picture element electrode 13a is placed on the insu-
lating film 11 in the first sub-picture element region A1 and is
electrically connected to the source electrode 12 of the TFT
via a contact hole. Moreover, the second sub-picture element
electrode 134 is placed on the insulating film 11 in the second
sub-picture element region A2 and is capacitively coupled
with the control electrode 12a with the insulating film 11
interposed in between.
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On the other hand, a common electrode 21 and projections
for alignment control 22 are formed on the opposite substrate
20. The common electrode 21 is opposite to both sub-picture
element electrodes 13a and 135 while interposing a liquid
crystal layer in between. Moreover, the protrusions 22 are
formed of a dielectric such as resins and placed almost in a
central position between the first and second sub-picture ele-
ment regions Al and A2.

Hereinafter, a sub-picture element electrode directly (in
other words, without via capacitive coupling) connected to
the TFT like the sub-picture element electrode 134 is also
referred to as a directly connected picture element electrode.
In addition, a sub-picture element electrode connected to the
TFT via capacitive coupling like the sub-picture element
electrode 135 is referred to as a capacitively coupled picture
element electrode.

FIG. 3 is a diagram showing an equivalent circuit of the
liquid crystal display device shown in FIG. 2. In this FIG. 3,
reference numerals 15 and 16 denote a gate bus line supplied
with scanning signals and a data bus line supplied with dis-
play signals, respectively. Moreover, Cs is an auxiliary
capacitance connected between the source electrode 12 of a
TFT 17 and earth, and C; -, is a capacitance between the
sub-picture element electrode (directly connected picture ele-
ment electrode) 134 and the common electrode 21. Further-
more, C, is a capacitance between the control electrode 12a
and the sub-picture element electrode (capacitively coupled
picture element electrode) 135, and C, ., is a capacitance
between the sub-picture element electrode 135 and the com-
mon electrode 21.

Liquid crystal molecules 30 in the first and second sub-
picture element regions Al and A2 are all aligned almost
perpendicular to a substrate surface when no voltage is
applied to the liquid crystal layer (initial state). It should be
noted that the liquid crystal molecules in the vicinity of the
protrusions 22 are aligned almost perpendicular to inclined
planes of the protrusions 22.

When the scanning signals are supplied to the gate bus line
15 and the TFT 17 is turned on, the display signals are sup-
plied from the data bus line 16 to the source electrode 12 and
the liquid crystal molecules 30 are inclined at an angle
according to the applied voltage. Since the liquid crystal
molecules 30 are encouraged to align perpendicular to the
inclined planes of the protrusions 22 at this time following the
example of the liquid crystal molecules in the vicinity of the
protrusions 22, directions in which liquid crystal molecules
30 are inclined are mutually different in both sides of the
protrusions 22 and thus, multi-domains are achieved.

Moreover, a voltage of the display signals is applied to the
sub-picture element electrode 13a whereas a voltage of the
division of the display signals by C, and C, ., is applied to the
sub-picture element electrode 134 in this liquid crystal dis-
play device. In other words, the voltage applied to the sub-
picture element electrode 135 will be lower than that applied
to the sub-picture element electrode 13a. Accordingly, as
shown in FIG. 2, inclination angle (an angle inclined from
that of the initial state) of liquid crystal molecules 30 in the
second sub-picture element region A2 will be smaller than
that of liquid crystal molecules 30 in the first sub-picture
element region Al.

As described so far, favorable viewing angle characteristics
can be obtained owing to the formation of a plurality of
regions with mutually different alignment directions of liquid
crystal molecules in one picture element in the MVA liquid
crystal display device shown in FIG. 2.

However, inventors of the present invention and others
consider that there are problems associated with the above
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described, conventional MVA liquid crystal display device as
follows. That is, since the voltage applied to the liquid crystal
layer in the second sub-picture element region A2 is lower
than that applied to the liquid crystal layer in the first sub-
picture element region Al, brightness in the white display
mode will be lower than that of MVA liquid crystal display
devices not adopting the HT method. When the applied volt-
age is further increased in order to enhance the brightness in
the white display mode, the peak of T-V characteristics is
exceeded in the first sub-picture element region Al and the
brightness is reduced, and also a phenomenon where the
screen appears yellow occurs when viewed from the front.

SUMMARY OF THE INVENTION

As described so far, an object of the present invention is to
provide a liquid crystal display device capable of suppressing
wash outs and having a high brightness in the white display
mode.

Problems described above can be solved by a liquid crystal
display device characterized in the following features. The
liquid crystal display device is formed of a first and second
substrates placed opposite to each other and a liquid crystal
filled in a space between these substrates while one picture
element is divided into at least a first and second sub-picture
element regions. The liquid crystal display device includes a
first sub-picture element electrode formed in the first sub-
picture element region on the first substrate and applied with
a first voltage in accordance with display signals, a second
sub-picture element electrode formed in the second sub-pic-
ture element region on the first substrate and applied with a
second voltage lower than the first voltage, and a common
electrode formed on the second substrate and opposite to the
first and second sub-picture element electrodes while inter-
posing a liquid crystal layer in between. In the liquid crystal
display device, a liquid crystal layer thickness of the second
sub-picture element region is thicker than that of the first
sub-picture element region.

In the present invention, a lower voltage is applied to the
second sub-picture element electrode placed in the second
picture element region than that applied to the first sub-pic-
ture element electrode placed in the first sub-picture element
region. In other words, two regions with different threshold
values of T-V characteristics are present in one picture ele-
ment. For this reason, a phenomenon where the screen
appears whitish when viewed from an oblique angle (wash
out) is suppressed and viewing angle characteristics are
improved.

Moreover, the thickness of the liquid crystal layer in the
second sub-picture element region where the second sub-
picture element electrode is being placed is made thicker than
that of the liquid crystal layer of the first sub-picture element
region where the first sub-picture element electrode is being
placed. A retardation of the liquid crystal layer is described by
And. Here, An describes a birefringence of liquid crystal and
d denotes a thickness of the liquid crystal layer. In the present
invention, since the liquid crystal layer is thicker in the second
sub-picture element region than in the first sub-picture ele-
ment region, influence by the birefringence of the liquid crys-
tal layer is large and the initial rise in T-V characteristics will
be steep as a result. For this reason, the brightness in the
second sub-picture element region in the white display mode
is increased. Moreover, since it is not necessary to increase
the voltage of the display signals excessively in order to
enhance the brightness in the second sub-picture element
region A2, the phenomenon where screen appears yellow
when viewed from the front is avoided.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing T-V (transmittance-applied
voltage) characteristics when viewing a screen from the front
and from the direction 60° above.

FIG. 2 is a schematic diagram of an example of a conven-
tional MVA type liquid crystal display device adopting the
halftone grayscale (HT) method.

FIG. 3 is a diagram showing an equivalent circuit of the
liquid crystal display device shown in FIG. 2.

FIG. 4 is a schematic diagram showing a liquid crystal
display device of an embodiment of the present invention.

FIG. 5 is a diagram showing T-V characteristics in a first
and a second sub-picture element regions Al and A2 of the
liquid crystal display device of the embodiment of the present
invention.

FIG. 6 is a plan view showing a liquid crystal display
device of a first embodiment of the present invention.

FIG. 7 is a cross section of the same.

FIG. 8 is a schematic diagram showing the liquid crystal
display device of the first embodiment and is a diagram show-
ing a state where a polarizing plate and a backlight are placed.

FIG. 9 is a schematic diagram showing a simplified struc-
ture of the liquid crystal display device of the first embodi-
ment.

FIG. 10 is a schematic diagram showing a liquid crystal
display device of a second embodiment of the present inven-
tion.

FIG. 11 is a schematic diagram showing a liquid crystal
display device of a third embodiment of the present invention.

FIG. 12 is a schematic diagram showing a deformability of
the third embodiment and an example of adopting a viewing
angle compensation film to a liquid crystal display device in
which cell gaps for red, green, and blue picture elements are
optimized, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described below with refer-
ence to the attached drawings.

FIG. 4 is a schematic diagram showing a liquid crystal
display device of an embodiment of the present invention.
This liquid crystal display device has a structure in which
liquid crystals with a negative dielectric anisotropy are filled
in a space between a TFT substrate 40 and an opposite sub-
strate 50. Moreover, in this liquid crystal display device, one
picture element region is divided into a first sub-picture ele-
ment region Al and a second sub-picture element region A2,

A TFT (not shown), an insulating film 41, a control elec-
trode 42a connected to a source electrode 42 of the TF'T, a first
sub-picture element electrode (directly connected picture ele-
ment electrode) 43q, and a second sub-picture element elec-
trode (capacitively coupled picture element electrode) 434
are formed on the TFT substrate 40. The first sub-picture
element electrode 43¢ is placed on the insulating film 41 in
the first sub-picture element region Al and is electrically
connected with the source electrode 42 of the TFT via a
contact hole. Moreover, the second sub-picture element elec-
trode 435 1s placed on the insulating film 41 in the second
sub-picture element region A2 and is capacitively coupled to
the control electrode 42q via the insulating film 41. These first
and second sub-picture element electrodes 434 and 435 are
both formed of a transparent conductive material such as
indium-tin oxide (ITO).

On the other hand, a transparent resin film (transparent
insulating film) 51, a common electrode 52, and protrusions
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for alignment control 53 are formed on the opposite substrate
50. The common electrode 52 is formed of a transparent
conductive material like ITO and opposing both sub-picture
element electrodes 43a and 435 while interposing a liquid
crystal layer in between. Note here that the transparent resin
film 51 is formed between a glass substrate, which is to
become a base, and the common electrode 52 in the first
sub-picture element region Al. A liquid crystal layer thick-
ness a in the first sub-picture element region A1 will be
smaller than a liquid crystal layer thickness b in the second
sub-picture element region A2 due to this transparent resin
film 51.

The protrusions for alignment control 53 is formed of a
dielectric like resins and placed almost in a central position
between the first and second sub-picture element regions Al
and A2. A cross section of this protrusion 53 is almost trian-
gular.

The voltage applied to the second sub-picture element
electrode 4354 is lower than the voltage applied to the first
sub-picture element electrode 43a by an amount of capacity
coupling in the liquid crystal display device configured in
such a way. Moreover, a retardation And of the liquid crystal
layer is larger in the second sub-picture element region A2
than that of the first sub-picture element region A1 due to the
transparent resin film 51. Therefore, the second sub-picture
element region A2 is more affected by birefringence of the
liquid crystal layer compared to the first sub-picture element
region A1 and initial rise in T-V characteristics will be steep.

The horizontal axis represents the applied voltage and the
vertical axis represents the transmittance in FIG. 5 showing
T-V characteristics in the first sub-picture element region A1
and the second sub-picture element region A2. It should be
noted that a curve shown with abroken line represents the T-V
characteristic when the liquid crystal layer thickness of the
second sub-picture element region A2 is the same as that of
the first sub-picture element region Al.

As shown in this FIG. 5, in the second sub-picture element
region A2, when the liquid crystal layer thickness is thicker
than that of the first sub-picture element region Al (a<b),
threshold voltage becomes somewhat higher compared to the
case where the liquid crystal layer thickness is the same as
that of the first sub-picture element region Al (a=b), and the
initial rise in T-V characteristics will be steep. As a result, the
transmittance in the second sub-picture element region A2 in
awhite display voltage approaches that in the first sub-picture
element region A1 and the brightness is improved. Moreover,
itis notnecessary to increase the voltage of the display signals
excessively in order to enhance the brightness in the second
sub-picture element region A2 and when viewed from the
front, the phenomenon where screen appears yellow will be
avoided.

In addition, since a plurality of regions (multi-domains)
with liquid crystal molecules inclined in mutually different
directions are formed by the protrusions 53, favorable view-
ing angle characteristics are obtained in the liquid crystal
display device of this embodiment. Furthermore, in the liquid
crystal display device of this embodiment, since two sub-
picture element regions Al and A2 with mutually different
thresholds for T-V characteristics are present in one picture
element region, the phenomenon where the screen appears
whitish is avoided and the viewing angle characteristics are
further improved.
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Embodiments of the present invention will be described
more specifically below.

First Embodiment

FIG. 6 is a plan view showing a liquid crystal display
device ofa firstembodiment of the present invention and FIG.
7 is a cross section of the same.

As shown in FIG. 7, a liquid crystal display device of this
embodiment is configured by a TFT substrate 110, an oppo-
site substrate 120, and a liquid crystal layer 130 formed of
vertically aligned liquid crystals (liquid crystals with negative
dielectric anisotropy) filled in a space between these sub-
strates 110 and 120.

A plurality of gate bus lines 111 extending horizontally (X
axis direction) and a plurality of data bus lines 115 extending
vertically (Y axis direction) are formed on the TFT substrate
110 as shown in FIG. 6. The gate bus lines 111 are placed in
a vertical direction with a pitch of, for example 300 um and
the data bus lines 115 are placed in a horizontal direction with
a pitch of, for example 100 pm. Rectangular regions defined
by the gate bus lines 111 and the data bus lines 115 are the
respective picture element regions.

Moreover, an auxiliary capacitance bus line 112 placed in
parallel to the gate bus lines 111 and traversing the center of
the picture element region is formed on the TFT substrate
110. Furthermore, a TFT 114, interconnects 132a and 1325,
an auxiliary capacitance electrode 113 and picture element
electrodes are formed on the TFT substrate 110. As shown in
FIG. 6, picture element electrodes are divided into four sub-
picture element electrodes 116a to 1164 by slits 117a, which
is vertically symmetrical and extending in an oblique direc-
tion. These sub-picture element electrodes 116a to 1164 are
formed of a transparent conductive material like ITO. Addi-
tionally, these sub-picture element electrodes 116a to 1164
are covered with a vertical alignment film 118 formed of
polyimides for example.

It should be noted that the slits 117a also function as a
structure for alignment control. In other words, an electric
line of force is generated outward from the edges of sub-
picture element electrodes 116a to 1164 in an oblique direc-
tion when the voltage is applied. Since liquid crystal mol-
ecules with a negative dielectric anisotropy tend to incline in
a direction perpendicular to the electric line of force, direc-
tions in which liquid crystal molecules incline are different in
both sides of the slits 117a. In the liquid crystal display device
of this embodiment, alignment division (multi-domains) is
achieved by the protrusions for alignment control 125 and the
slit 117a.

The TFT 114 uses a part of the gate bus lines 111 as a gate
electrode. Moreover, a drain electrode 114a of the TFT 114 1s
connected to the data bus lines 115 and the source electrode
1145 is placed in a position opposite to the drain electrode
114¢ while interposing the gate bus lines 111 in between.

Alayer structure of the TFT substrate 110 and the opposite
substrate 120 will be described below by referring to FIG. 7.
The layer structure of the TFT substrate 110 will be described
first.

The gate bus lines 111 and an auxiliary capacitance bus line
112 are formed on a glass substrate 110q, which is to become
abase for the TFT substrate 110. These gate bus lines 111 and
the auxiliary capacitance bus line 112 are formed by, for
example, patterning a metal film such as chromium (Cr) film
or an aluminium (Al)-titanium (T1) lamination film with the
photolithography method.

These gate bus lines 111 and the auxiliary capacitance bus
line 112 are covered with a first insulating film (gate insulat-
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ing film) 131 made of SiQ, or SiN and so on formed on the
glass substrate 110a. A semiconductor film (for example,
amorphous silicon film or polysilicon film) 114c¢ to become
an active layer for the TFT 114 is formed in a predetermined
region on this first insulating film 131.

A channel protection film 1144 made of SiN and the like is
formed on the semiconductor film 114¢. The drain electrode
114a and the source electrode 114b of the TFT 114 are
formed on both sides of this channel protection film 114d.

Additionally, the data bus lines 115, the auxiliary capaci-
tance electrode 113, and the interconnects 1324 and 1325 are
formed on the first insulating film 131. The data bus lines 115
are connected with the drain electrode 114a of the TFT 114 as
described earlier. Moreover, the auxiliary capacitance elec-
trode 113 is placed in a position opposite to the auxiliary
capacitance bus line 112 with the first insulating film 131
interposed in between. An auxiliary capacitance Cs (refer to
the equivalent circuit in FIG. 3) is consisted of this auxiliary
capacitance electrode 113, auxiliary capacitance bus line 112,
and the first insulating film 131 between the two. Between the
auxiliary capacitance electrode 113 and the source electrode
1145 are electrically connected by the interconnects 132a.
Furthermore, the interconnects 1325 are extended from the
auxiliary capacitance electrode 113 towards the side opposite
to the interconnects 132a.

The drain electrode 114a, the source electrode 1145, the
data bus lines 115, the auxiliary capacitance electrode 113
and the interconnects 132a and 1324 are formed by, for
example, patterning a three-layer structured Ti—Al—Ti
metal film with the photolithography method.

The drain electrode 114a, the source electrode 1145, the
data bus lines 115, the auxiliary capacitance electrode 113,
and the interconnects 132a and 1325 are covered with a
second insulating film 133 made of SiO, or SiN and so on.
Sub-picture element electrodes 116a to 1164 divided by the
slits 117a are formed on this second insulating film 133. The
sub-picture element electrode 1164 is connected to the inter-
connect 132a via a contacthole 133a, the sub-picture element
electrode 116¢ is connected to the auxiliary capacitance elec-
trode 113 via a contacthole 1335, and the sub-picture element
electrode 1164 is connected to the interconnects 1325 via a
contact hole 133¢. Moreover, the sub-picture element elec-
trode 1165 is capacitively coupled with a part of the auxiliary
capacitance electrode 113 and parts of interconnects 132a
and 1325 with the second insulating film 133 interposed in
between the sub-picture element electrode 1165 and the aux-
iliary capacitance electrode 113 and between the sub-picture
element electrode 1164 and interconnects 132a and 13256. In
other words, among the auxiliary capacitance electrode 113
and the interconnects 132q and 1325, the part opposite to the
sub-picture element electrode 1165 functions as a control
electrode in this embodiment.

These sub-picture element electrodes 116a to 1164 are
formed by first forming a transparent conductive film made of
ITO and so formed on the second insulating film 133 and then
patterning this transparent conductive film by the photoli-
thography method. A vertically aligned film 118 made of
polyimides and so on is formed on sub-picture element elec-
trodes 1164 to 1164.

A layer structure of the opposite substrate 120 will be
described next color filters 122 are formed on a glass substrate
120a, which is to become a base for the opposite substrate
120. There are three kinds of color filters 122; i.e. red, green,
and blue, and one color filter of either red, green, or blue is
arranged for each picture element. Three picture elements of
red, green, and blue adjacent to each other constitute one
pixel, thus enabling the display in various colors.
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In addition, color filters of red, green, and blue are lami-
nated in a position opposite to the gate bus lines 111, data bus
lines 115, and the TFT 114 on the TFT substrate 110 side and
forming a black matrix (shading film).

Transparent resin films 123 are formed on the color filters
122 (under the color filters 122 in FIG. 7). The transparent
resin films 123 are formed in positions opposite to sub-picture
element electrodes (directly connected picture element elec-
trode) 1164, 116¢, and 1164 but not in parts opposite to the
sub-picture element electrode (capacitively coupled picture
element electrode) 1164. This transparent resin films 123 are
formed by, for example, a negative type photoresist or an
acrylic resin.

A common electrode 124 made of a transparent conductive
material like ITO is formed on the color filters 122 and the
transparent resin films 123 (under the color filters 122 and the
transparent resin films 123 in FIG. 7). Bank-shaped protru-
sions 125 for alignment control are formed on this common
electrode 124 (under the common electrode 124 in FIG. 7). As
shown in FIG. 6, this bank-shaped protrusions 125 are formed
along the line curving on the gate bus lines 111 and the
auxiliary capacitance bus line 112 and placed in positions
shifted in the horizontal direction relative to the slits 117a on
the TFT substrate 110. The protrusions 125 are formed by, for
example, a negative type photoresist. Surfaces of the common
electrode 124 and the protrusions 125 are covered with a
vertically aligned film 126 made of polyimides for example.

Incidentally, as shown in FIG. 8, a first polarizing plate
1354 is placed on the front side (the upper side in FIG. 8) of
a liquid crystal panel 100 configured by the TFT substrate
110, the opposite substrate 120, and the liquid crystal filled in
a space between the two substrates. A second polarizing plate
1356 and a backlight 136 are placed on the back side (the
lower side in FIG. 8) of the liquid crystal panel 100 as shown
in FIG. 8. The first and second polarizing plates 135a and
1355 are placed while making their absorption axes perpen-
dicular to each other. Moreover, it is possible to place a phase
plate between the liquid panel 100 and the first polarizing
plate 1354, and between the liquid crystal panel 100 and the
second polarizing plate 135, respectively.

In the liquid crystal display device of this embodiment
configured in such a way, when voltage is not applied (initial
state), liquid crystal molecules are aligned almost perpen-
dicular to a substrate surface. Note here that the liquid crystal
molecules in the vicinity of the protrusions 125 are aligned
perpendicular to inclined planes of the protrusions 125. In this
state, no light is outputted in the front side of the liquid crystal
panel 100 since the light outputted from the backlight 136 is
blocked by the two polarizing plates 1354 and 1364. In other
words, it will be a black display (dark display) when the
voltage is not applied to the liquid crystal layer.

When scanning signals are supplied to the gate bus lines
111 and the TFT 114 is turned on, display signals are supplied
from the data bus lines 115 to the source electrode 1145. The
voltage of the display signals is applied to the sub-picture
element electrodes 1164, 116¢, and 1164 as a result of this and
the voltage lower than the display signal voltage by an amount
of capacity coupling is applied to the sub-picture element
electrode 1165. Liquid crystal molecules are then inclined
and aligned at an angle according to the applied voltage. Since
the direction in which the liquid crystal molecules are
inclined is determined by the protrusions 125 and the slits
117¢ at this stage, four regions (domains) where inclination
directions of liquid crystal molecules are mutually different
are formed in one picture element.

In this state, a part of light emitted from the backlight 136
passes through the polarizing plates 135a and 1355 and is
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outputted to the front side of the liquid crystal panel 100. The
amount of light outputted to the front side of the liquid crystal
panel 100 is related to the inclination angle of the liquid
crystal molecules and a retardation And of the liquid crystal
layer. It is possible to display a desired image on the liquid
crystal display device by controlling light transmittance for
each picture element.

FIG. 9 is a schematic diagram showing a simplified struc-
ture of the liquid crystal display device of the first embodi-
ment. In FIG. 9, reference numerals 122R, 122G, and 122B
denote red, green, and blue color filters, respectively. More-
over, reference numeral 142a denotes a control electrode (the
part opposite to the sub-picture element electrode 1165
among the auxiliary capacitance electrode 113 and intercon-
nects 132a and 1325), reference numeral 143a denotes a
sub-picture element electrode directly connected to the TFT
114 (sub-picture element electrodes 1164, 116¢, and 1164),
and reference numeral 1435 denotes a sub-picture element
electrode (sub-picture element electrode 1165) capacitively
coupled to the control electrode 142a.

As described earlier, red, green, and blue color filters 122R,
122G, and 122B are laminated as a black matrix on the
opposite substrate 120, in a position opposite to the gate bus
lines 111, the data bus lines 115, and the TFT 114 on the side
of TFT substrate 110. A transparent resin film 123a and a
protrusion 1254 are further laminated as a spacer for main-
taining an interval between the TFT substrate 110 and the
opposite substrate 120 on a part where the gate bus lines 111
and the data bus lines 115 intersect. It is possible to avoid an
increase in producing steps by forming the protrusion 125a
with the protrusions for alignment control 125 at the same
time.

The liquid crystal layer thickness (cell gap) d in the second
sub-picture element region A2 is set to 4.2 um in the liquid
crystal display device of this embodiment. Moreover, the
thickness of the transparent resin film 123 formed in the first
sub-picture element region Al is set to 1+0.6 pm. Further-
more, a birefringence An of the liquid crystal filled in a space
between the TFT substrate 110 and the opposite substrate 120
is 0.08.

Since a plurality of regions where liquid crystal molecules
are inclined in mutually different directions, are formed by
the protrusions for alignment controls 125 and the slits 1174
in the liquid crystal display device of this embodiment, favor-
able viewing angle characteristics can be obtained. Moreover,
since the liquid crystal display device of this embodiment has
aplurality of regions with mutually different threshold values
for T-V characteristics in one picture element region, the
phenomenon where the screen appears whitish when viewed
from an oblique direction is suppressed.

Furthermore, since the liquid crystal layer thickness in the
second sub-picture element region A2 where the capacitively
coupled picture element electrode is placed is thicker than
that in the first sub-picture element region Al where the
directly connected picture element electrode is placed, initial
rise in T-V characteristics in the second sub-picture element
region A2 will be steep and the brightness in the white display
mode is improved. Moreover, it is not necessary to increase
the display signal voltage excessively in order to enhance the
brightness in the second sub-picture element region A2 and
the phenomenon where the screen appears yellow when
viewed from the front will be avoided.

It should be noted that although red, green, and blue color
filters are laminated to form the black matrix in the aforemen-
tioned embodiment, it is also possible to laminate any two
color filters out of red, green, and blue filters to form the black
matrix.
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Second Embodiment

FIG. 10 is a schematic diagram showing a liquid crystal
display device of a second embodiment of the present inven-
tion. The difference between this embodiment and the first
embodiment is the mutual differences in the liquid crystal
layer thicknesses of the red, green, and blue picture elements
and other configurations are basically similar to those of the
first embodiment. Accordingly, identical materials to those in
FIG. 9 are described using identical numerals in FIG. 10 and
their detailed descriptions will be omitted.

In this embodiment, thicknesses of red, green, and blue
color filters 122R, 122G, and 122B are increased in this order.
Therefore, the liquid crystal layer thickness (cell gap) of the
red picture element is the largest and the liquid crystal layer
thickness of the blue picture element is the smallest. In this
embodiment, the liquid crystal layer thickness of the red
picture element (the liquid crystal layer thickness in the sec-
ond sub-picture element region A2: the same hereinafter) is
set to 4.7 um, the liquid crystal layer thickness of the green
picture element is set to 4.2 um, and the liquid crystal layer
thickness of the blue picture element is set to 3.6 pm. Note
here that these values are not limited to those described and
should be set in order to make the value of An-d/A in each
picture element equal.

In order to offset the differences in the liquid crystal layer
birefringence dependent on the color and to further improve
the color reproducibility, the liquid crystal layer thicknesses
of the red and green picture elements may be increased than
that of the blue picture element. In this embodiment, by
forming the blue color filter 122B thicker than red and green
color filters 122R and 122G, the liquid crystal layer thick-
nesses of the red and green picture elements are made thicker
than that of the blue picture element. For this reason, the
liquid crystal display device of this embodiment can achieve
an effect of further improving the color reproducibility in
addition to the similar effects to those obtained in the first
embodiment.

It should be noted that although the liquid crystal layer
thicknesses of the red, green and blue picture elements are
different respectively in the above described second embodi-
ment, it is possible to obtain similar effects by making the
liquid crystal layer thicknesses of the red and green picture
elements the same and the liquid crystal layer thickness of the
blue picture element smaller than those of the red and green
picture elements.

Third Embodiment

FIG. 11 is a schematic diagram showing a liquid crystal
display device of a third embodiment of the present invention.
The difference between this embodiment and the first
embodiment is the formation of viewing angle compensation
films (phase plates) 151a and 1515 between the glass sub-
strate 120qa, which is to become a base for the opposite sub-
strate 120, and color filters 122R, 122G, and 122B, and other
structures of this embodiment are basically similar to those of
the first embodiment. Accordingly, identical materials to
those in FIG. 9 are described using identical numerals in FIG.
11 and their detailed descriptions will be omitted.

In this embodiment, viewing angle compensation films
151¢ and 1515 are formed between the glass substrate 120a,
which is to become a base for the opposite substrate 120, and
the color filters 122R, 122G, and 122B. The viewing angle
compensation film 151a on one hand, is placed in the first
sub-picture element region Al where the directly connected
picture element electrode 1434 is formed, and the viewing
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angle compensation film 1515 on the other hand, is placed in
the second sub-picture element region A2 where the capaci-
tively coupled picture element electrode 1434 is formed.
These viewing angle compensation films 151a and 1515 are
both formed of a polymer film with negative refractive index
anisotropy and provided in order to offset the positive refrac-
tive index anisotropy of the liquid crystal layer.

Polymer films with a refractive index anisotropy of oppo-
site polarity to that of the refractive index anisotropy of the
liquid crystal layer have hitherto been used as viewing angle
compensation films in order to offset the refractive index
anisotropy of the liquid crystal layer and to further improve
viewing angle characteristics. Since the liquid crystal layer is
formed of the liquid crystals with positive refractive index
anisotropy in the liquid crystal display device of this embodi-
ment, a viewing angle compensation film needs to be the one
with negative refractive index anisotropy. In other words, a
polymer film is used in which a relation described by the
formula below is established:

HX=HYZHI

where nx and ny are refractive indices of in-plane directions
and nz is a refractive index in the thickness direction. Com-
pensation capability R of this polymer film in the vertical
direction is described by the formula below:

R=((nx+ny)/2-nz)xd

Here, d denotes a thickness of the polymer film.

When the refractive index anisotropy of the liquid crystal
and the liquid crystal layer thicknesses (cell gaps) in the first
and second sub-picture element regions Al and A2 are
defined as An, d,, and d, respectively (note here that d, <d,),
retardations of the liquid crystal layers in the first and second
sub-picture element regions Al and A2 will be And, and
And,, respectively.

As described so far, since retardation of the liquid crystal
layer in the first sub-picture element region A1 And, and
retardation of the liquid crystal layer in the second sub-pic-
ture element region A2 And, differ in the liquid crystal display
device of this embodiment, it is necessary to change the
compensation capability of the viewing angle compensation
film in response to this. For example, by making the viewing
angle compensation film 1515 thicker than the viewing angle
compensation film 151a, it is possible to provide differences
between the viewing angle compensation films 151a¢ and
1515 in compensation capabilities. Moreover, viewing angle
compensation films 151a and 1515 may be formed by mate-
rials with different optical properties, respectively.

In addition to capability of obtaining similar effects to
those of the first embodiment, the liquid crystal display
device of this embodiment has a merit in further improving
the viewing angle characteristics since the viewing angle
compensation films 151a and 1514 with optical compensa-
tion capabilities in accordance with the liquid crystal layer
thickness in the first and second sub-picture element regions
Al and A2 are provided.

It should be noted that although the case where the viewing
angle compensation films are placed on the inner side of the
liquid crystal panel is described, the viewing angle compen-
sation films may be formed on the outer side of the liquid
crystal panel, that is, between the liquid crystal panel and the
polarizing plate.

Moreover, viewing angle compensation films similar to
those of this embodiment can be adopted to the liquid crystal
display device where cell gaps are respectively optimized for
red, green, and blue picture element as described in the sec-
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ond embodiment. An example of adopting a viewing angle
compensation film to a liquid crystal display device in which
cell gaps for red, green, and blue picture element are opti-
mized, respectively is shown in FIG. 12. In this FIG. 12,
identical materials to those in FIG. 10 are described using
identical symbols. In addition, reference numerals 161a to
161f are viewing angle compensation films with compensa-
tion capabilities in accordance with the retardation And of the
liquid crystal layer in each sub-picture element region.

What is claimed is:

1. A liquid crystal display device formed of first and second
substrates placed opposite to each other and a liquid crystal
filled in a space between these substrates while one picture
element is being divided into at least first and second sub-
picture element regions, comprising;

a first sub-picture element electrode formed in the first
sub-picture element region on the first substrate and
applied with a first voltage in accordance with display
signals;

a second sub-picture element electrode formed in the sec-
ond sub-picture element region on the first substrate and
applied with a second voltage lower than the first volt-
age; and

a common electrode formed on the second substrate and
opposed to the first and second sub-picture element elec-
trodes while interposing a liquid crystal layer in
between,

wherein a liquid crystal layer thickness of the second sub-
picture element region is thicker than that of the first
sub-picture element region.

2. The liquid crystal display device according to claim 1,
wherein a transparent insulating film with a thickness corre-
sponding to a difference in the liquid crystal layer thicknesses
of the first and second sub-picture element regions is formed
in the first sub-picture element region.

3. The liquid crystal display device according to claim 1,
wherein protrusions for alignment control made of a dielec-
tric are formed on the second substrate.

4. The liquid crystal display device according to claim 1,
wherein the liquid crystals have negative dielectric anisot-
ropy.

5. The liquid crystal display device according to claim 1,
wherein data bus lines supplied with the display signals, gate
bus lines supplied with scanning signals, a thin film transistor
driven by the scanning signals by connecting a drain electrode
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to the data bus lines, and a control electrode connected to a
source electrode of the thin film transistor are formed on the
first substrate, and

wherein the first sub-picture element electrode is electri-
cally connected to the source electrode of the thin film
transistor and the second sub-picture element electrode
is capacitively coupled to the control electrode.

6. The liquid crystal display device according to claim 5,
wherein a color filter of any one color of red, green and blue
is formed for each picture element on the second substrate and
at least two or more of these color filters are laminated to form
a shading film in a part opposite to the gate bus lines, the data
bus lines and the thin film transistor.

7. The liquid crystal display device according to claim 6,
wherein a transparent insulating film and protrusions made of
a dielectric are laminated on the shading film to form spacers
in positions opposite to parts where the gate bus lines and the
data bus lines on the second substrate intersect.

8. The liquid crystal display device according to claim 6,
wherein the liquid crystal layer thicknesses of the red picture
element placed with the red color filter and of the green
picture element placed with the green color filter are thicker
than that of the blue picture element placed with the blue color
filter.

9. The liquid crystal display device according to claim 1,
comprising;

a first viewing angle compensation film for offsetting a
liquid crystal layer retardation in the first sub-picture
element region; and

a second viewing angle compensation film for offsetting a
liquid crystal layer retardation in the second sub-picture
element region,

wherein the first and second viewing angle compensation
films have mutually different compensation capabilities.

10. The liquid crystal display device according to claim 9,
wherein the first and second viewing angle compensation
films are formed on a surface of the liquid crystal layer side on
the second substrate.

11. The liquid crystal display device according to claim 1,
wherein polarizing plates are respectively placed on surfaces
of the first and second substrates present in the sides opposite
to the liquid crystal layer and absorption axes of these polar-
izing plates are mutually perpendicular.

12. The liquid crystal display device according to claim 1,
wherein the first and second sub-picture element electrodes
are substantially coplanar.
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