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(57) ABSTRACT

A liquid crystal display device (100) according to the present
invention includes: first and second pixel transistors (130a,
1300); a gate driver (210) that supplies a gate signal to a gate
line (G); a source driver (220) that supplies a source signal to
first and second branch lines (225a and 225b); a first source
transistor (180a), which includes a source that is electrically
connected to the first branch line (225¢) and a drain that is
electrically connected to a first source line (Sa); and a second
source transistor (1804), which includes a source that is elec-
trically connected to the second branch line (2255) and a drain
that is electrically connected to a second source line (Sb).
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a U.S. National Phase patent application of PCT/
JP2010/065510, filed Sep. 9, 2010, which claims priority to
Japanese Patent Application No. 2009-209697, filed Sep. 10,
2009, each of which is hereby incorporated by reference in
the present disclosure in its entirety.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device and more particularly relates to a liquid crystal display
device with a multi-pixel structure.

BACKGROUND ART

Liquid crystal displays (LCDs) have been used in not only
TV sets with a big screen but also small display devices such
as the monitor screen of a cellphone. TN (twisted nematic)
mode LCDs, which would often be used in the past, achieved
relatively narrow viewing angles, but LCDs of various other
modes with wider viewing angles have recently been devel-
oped one after another. Examples of those wider viewing
angle modes include IPS (in-plane switching) mode and VA
(vertical alignment) mode. Among those wide viewing angle
modes, the VA mode is adopted in a lot of LCDs because the
VA mode would achieve a sufficiently high contrast ratio.

Known as a kind of VA mode LCD is an MVA (multi-
domain vertical alignment) mode LCD in which multiple
liquid crystal domains are defined within a single pixel
region. In an MVA mode LCD, an alignment control structure
is provided for at least one of the two substrates, which face
each other with a vertical alignment liquid crystal layer inter-
posed between them, so that the alignment control structure
faces the liquid crystal layer. As the alignment control struc-
ture, a linear slit (opening) or a rib (projection) of an electrode
may be used, thereby applying alignment controlling force to
the liquid crystal layer from one or both sides thereof. In this
manner, multiple (typically four) liquid crystal domains with
multiple different alignment directions are defined, thereby
attempting to improve the viewing angle characteristic.

Also known as another kind of VA mode LCD is a CPA
(continuous pinwheel alignment) mode LCD. In a normal
CPA mode LCD, its pixel electrodes have a highly symmetric
shape and either an opening or a projection (which is some-
times called a“rivet”) is arranged on the surface of the counter
substrate which faces the liquid crystal layer so as to be
aligned with the center of a liquid crystal domain. When a
voltage is applied, an oblique electric field is generated by the
counter electrode and the highly symmetric pixel electrode
and induces radially tilting alignments of liquid crystal mol-
ecules. Also, with a rivet provided, the alignment controlling
force by the slope of the rivet stabilizes the tilting alignments
of the liquid crystal molecules. As the liquid crystal mol-
ecules are radially aligned within a single pixel in this man-
ner, the viewing angle characteristic can be improved.

It is known that the display quality achieved by a VA mode
LCD when the viewer is located right in front of the screen
(which will be referred to herein as “when viewed straight
on”) is significantly different from the one achieved when the
viewer is located obliquely with respect to the screen (which
will be referred to herein as “when viewed obliquely™), which
is a problem with the VA mode LCD. Particularly when a
grayscale tone is displayed, if adjustments are made so as to
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2

optimize the display performance when viewed straight on,
then the display performance (including the hue and the
gamma characteristic) achieved when viewed obliquely will
be quite different from the one achieved when viewed straight
on. The optic axis direction of a liquid crystal molecule is the
major axis direction of that molecule. When a grayscale tone
is displayed, the optic axis direction of a liquid crystal mol-
ecule is somewhat tilted with respect to the principal surface
of the substrate. And if the viewing angle (or viewing direc-
tion) is changed in such a state so as to view the screen
obliquely and parallel to the optic axis direction of the liquid
crystal molecules, the resultant display performance will be
totally different from the one achieved when viewed straight
on.

Specifically, when viewed obliquely, the displayed image
will look more whitish as a whole than when viewed straight
on, which is called a “whitening” phenomenon. For example,
if a person’s face is displayed, the viewer will find that per-
son’s facial expressions displayed quite natural when viewing
right in front of the screen. However, when viewing obliquely,
he or she will sense that person’s face look unnaturally white
overall. In that case, subtle tones of the person’s skin color
may be lost and an overall whitish face may be displayed
instead.

To minimize such a whitening phenomenon, multiple
(typically two) subpixels may be formed by splitting a single
pixel electrode into multiple (typically two) subpixel elec-
trodes and applying two different voltages to those subpixel
electrodes. In an LCD with such a multi-pixel structure, the
grayscale characteristic of each subpixel is controlled so as to
prevent the display performance from deteriorating even
when viewed obliquely from what is achieved when viewed
straight on (see Patent Documents Nos. 1 to 3, for example).

Specifically, in the LCD disclosed in Patent Document No.
1, the two subpixel electrodes are connected to mutually
different source lines by way of two different thin-film tran-
sistors and a source driver applies mutually different source
signal voltages to respective pixels. In that case, since the two
subpixel electrodes will have different voltages applied, those
subpixels will have respectively different luminances. Con-
sequently, the whitening phenomenon can be less perceptible.

On the other hand, in the LCD disclosed in Patent Docu-
ment No. 2, two different thin-film transistors associated with
the two subpixel electrodes are connected to mutually differ-
ent gate lines, and a gate driver applies different gate signal
voltages to respective pixels so that the thin-film transistors
will have mutually different ON-state periods. In that case,
since the two subpixel electrodes will have different voltages
applied, those subpixels will have respectively different lumi-
nances. Consequently, the whitening phenomenon can also
be less perceptible.

With the LCD of Patent Document No. 1 adopted, however,
the source driver should apply mutually different source sig-
nal voltages from two source output terminals to a single
column of pixels. That is why a rather expensive source driver
should be used in that case. The same goes for the LCD of
Patent Document No. 2. That is to say, even if the LCD of
Patent Document No. 2 is adopted, the gate driver should
apply mutually different gate signal voltages from two gate
output terminals to a single row of pixels, and therefore, a
rather expensive gate driver should be used.

Meanwhile, Patent Document No. 3 discloses an LCD in
which by making the voltages applied to adjacent storage
capacitor lines (CS lines) vary to be different from each other,
mutually different effective voltages are applied to subpixels.
In the LCD of Patent Document No. 3, the source driver
applies a source signal voltage from a single source output
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terminal to each column of pixels, and the gate driver applies
agate signal voltage from a single gate output terminal to each
row of pixels. That is why the LCD of Patent Document No.
3 can cut down the driver cost.

Hereinafter, the configuration of the LCD 900 disclosed in
Patent Document No. 3 will be described with reference to
FIG. 10. In the LCD 900, by applying mutually different CS
voltages to multiple CS lines, each of which forms, along with
its associated subpixel electrode, a storage capacitor either
directly or indirectly, the subpixel electrodes will have differ-
ent effective voltages applied. As a result, subpixels belong-
ing to a single pixel can exhibit multiple different luminances.
The LCD 900 makes the whitening phenomenon less percep-
tible in this manner.

Also, in the LCD 900, a number of CS trunk lines CST are
arranged in the peripheral area, which surrounds the display
area, and multiple CS lines extend from each of those CS
trunk lines to the display area. In the LCD 900, by applying
equivalent storage capacitor voltages (CS voltages) to mul-
tiple CS lines that extend from the same CS trunk line, the
processing load imposed on a CS voltage generator (not
shown) can be reduced.

For example, the LCD 900 shown in FIG. 10 is provided
with twelve CS trunk lines CST1 through CST12, and mul-
tiple different CS voltages, generated by the CS voltage gen-
erator, are supplied through those CS trunk lines CST1
through CST12 to the CS lines. In such an LCD, the larger the
number of CS trunk lines provided, the longer the inversion
period of the CS voltage applied to each of those CS trunk
lines. If the CS voltage had an ideal rectangular waveform,
then the display operation could be carried out with only two
CS trunk lines without making the luminances uneven. Even
so, the bigger the size of the LCD, the blunter the waveform
of the CS voltage will get, thus making it impossible to carry
out a display operation without making the luminances
uneven after all. That is why by increasing the number of CS
trunk lines to provide, the ratio of the CS voltage inversion
period to one horizontal scanning period can be increased. As
a result, the display operation can be carried out with the
unevenness in luminance reduced significantly.

CITATION LIST
Patent Literature

Patent Document No. 1: Japanese Laid-Open Patent Pub-
lication No. 2006-209135

Patent Document No. 2: Japanese Laid-Open Patent Pub-
lication No. 2006-139288

Patent Document No. 3: Japanese Laid-Open Patent Pub-
lication No. 2005-189804

SUMMARY OF INVENTION
Technical Problem

The LCD of Patent Document No. 3, however, provides
those CS trunk lines in the peripheral area, and therefore, the
planar area of its frame area cannot be reduced sufficiently.

Tt is therefore an object of the present invention to provide
a liquid crystal display device that can not only minimize an
increase in driver cost but also reduce the planar-area of the
frame area sufficiently.

Solution to Problem

A liquid crystal display device according to the present
invention includes: a pixel electrode, which includes first and
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second subpixel electrodes; a counter electrode; a liquid crys-
tal layer, which is interposed between the pixel electrode and
the counter electrode; a gate line; a first source line; a second
source line; a first pixel transistor, which includes a gate that
is electrically connected to the gate line, a source that is
electrically connected to the first source line, and a drain that
is electrically connected to the first subpixel electrode; a
second pixel transistor, which includes a gate that is electri-
cally connected to the gate line, a source that is electrically
connected to the second source line, and a drain that is elec-
trically connected to the second subpixel electrode; a gate
driver, which supplies a gate signal to the gate line; a first
branch line; a second branch line; a source driver, which
supplies a source signal to the first and second branch lines; a
first source transistor, which includes a gate, a source that is
electrically connected to the first branch line, and a drain that
is electrically connected to the first source line; and a second
source transistor, which includes a gate, a source that is elec-
trically connected to the second branch line, and a drain that
is electrically connected to the second source line. In the
liquid crystal display device of the present invention, the first
and second source transistors can make the voltage on the first
source line different from the one on the second source line
when the first and second pixel transistors are in OFF state.

In one embodiment, the liquid crystal display device fur-
ther includes a connector line that electrically connects the
first and second branch lines to the source driver.

In one embodiment, the second source transistor has a
different threshold voltage from the first source transistor.

In one embodiment, the gate of the first source transistor is
electrically connected to its own source, and the gate of the
second source transistor is electrically connected to its own
source.

In one embodiment, the liquid crystal display device fur-
ther includes a transistor controller that controls the first and
second source transistors.

In one embodiment, the transistor controller controls the
first and second source transistors so that the ON-state peri-
ods of the first and second source transistors are different
from each other.

In one embodiment, while the gate driver keeps the firstand
second pixel transistors ON, the source driver changes the
levels of the voltage applied to the first and second branch
lines from a first voltage into a second voltage. While the
source driver is applying the first voltage, the transistor con-
troller turns the first source transistor ON. And while the
source driver is applying the second voltage, the transistor
controller turns the second source transistor ON.

Advantageous Effects of Invention

The present invention provides a liquid crystal display
device that can not only minimize an increase in driver cost
but also reduce the planar-area of the frame area sufficiently.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic representation illustrating a liquid
crystal display device as a first embodiment of the present
invention.

FIG. 2 is a plan view schematically illustrating the active-
matrix substrate of the liquid crystal display device shown in
FIG. 1.

FIG. 3 is a plan view schematically illustrating the liquid
crystal display device shown in FIG. 1.

FIG. 4 shows the respective waveforms of the voltages
applied in the liquid crystal display device shown in FIG. 1.
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FIG. 5 (a) and FIG. 5 (b) are schematic representations
illustrating a liquid crystal display device as a comparative
exampleand the liquid crystal display device shown in FIG. 1,
respectively.

FIG. 6 is a plan view schematically illustrating a liquid
crystal display device as a second embodiment of the present
invention.

FIG. 7 shows the respective waveforms of the voltages
applied in the liquid crystal display device shown in FIG. 6.

FIG. 8 is a plan view schematically illustrating a liquid
crystal display device as a third embodiment of the present
invention.

FIG. 9 shows the respective waveforms of the voltages
applied in the liquid crystal display device shown in FIG. 8.

FIG. 10 is a schematic representation illustrating a conven-
tional liquid crystal display device.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of a liquid crystal display device
according to the present invention will be described with
reference to the accompanying drawings. It should be noted,
however, that the present invention is in no way limited to the
specific embodiments to be described below.

Embodiment 1

FIG. 1 is a schematic representation illustrating a liquid
crystal display device 100 as a first embodiment of the present
invention. The liquid crystal display device 100 includes an
active-matrix substrate 120 with pixel electrodes 124 and an
alignment film 126 that have been stacked in this order on an
insulating substrate 122, a counter substrate 140 with a
counter electrode 144 and another alignment film 146 that
have also been stacked in this order on another insulating
substrate 142, and a liquid crystal layer 160, which is inter-
posed between the active-matrix substrate 120 and the
counter substrate 140. Although notshown, two polarizers are
provided for the active-matrix substrate 120 and the counter
substrate 140, respectively, and are arranged so that their
polarization axes satisfy the crossed Nicols relation. The lig-
uid crystal layer 160 has a substantially uniform thickness. If
necessary, the liquid crystal display device 100 may include a
backlight.

In this liquid crystal display device 100, a number of pixels
are arranged in columns and rows so as to form a matrix
pattern. For example, in a liquid crystal display device that
conducts a color display operation using R (red), G (green)
and B (blue) as the three primary colors, one color is repre-
sented by a set of R, G and B pixels. Each pixel is defined by
an associated one of the pixel electrodes 124. The counter
electrode 144 is a single electrode that is provided in common
for those pixel electrodes 124. The counter electrode 144 may
include a transparent conductor film, which may be made of
ITO, for example. Likewise, the pixel electrodes 124 may
also include a transparent conductor film, which may be made
of ITO, for example.

This liquid crystal display device 100 operates in the VA
mode. Thus, the alignment films 126 and 146 are vertical
alignment films and the liquid crystal layer 160 is a vertical
alignment liquid crystal layer. In this description, the “verti-
cal alignment liquid crystal layer” refers to a liquid crystal
layer in which the axis of its liquid crystal molecules (which
will be sometimes referred to herein as an “axial direction™)
defines an angle of approximately 85 degrees or more with
respect to the surface of the vertical alignment films 126 and
146. The liquid crystal molecules 162 have negative dielectric
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anisotropy. Using such liquid crystal molecules along with
two polarizers that are arranged as crossed Nicols, this device
conducts a display operation in a normally black mode. Spe-
cifically, in that mode, when no voltage is applied across the
liquid crystal layer 160, the liquid crystal molecules 162 in
the liquid crystal layer 160 are aligned substantially parallel
to anormal to the principal surface of the alignment films 126
and 146. On the other hand, when a voltage that is higher than
a predetermined voltage is applied across the liquid crystal
layer 160, the liquid crystal molecules 162 in the liquid crys-
tal layer 160 are aligned substantially parallel to the principal
surface of the alignment films 126 and 146. In this example,
each of the active-matrix substrate 120 and the counter sub-
strate 140 has its own alignment film 126, 146. However,
according to the present invention, at least one of the active-
matrix substrate 120 and the counter substrate 140 needs to
have an alignment film 126 or 146. Nevertheless, in order to
stabilize the alignments, it is still preferred that both of the
active-matrix substrate 120 and the counter substrate 140
have their own alignment film 126, 146.

FIG. 2 is aplan view schematically illustrating the active-
matrix substrate 120 of the liquid crystal display device 100.
In its display area D, a number of pixels P are arranged in
columns and rows so as to form a matrix pattern.

Each of those pixels P includes two subpixels SPaand SPb
that can exhibit mutually different luminances, and is defined
by an associated one of the pixel electrodes 124. Each pixel
electrode 124 includes two subpixel electrodes 124a and
1245b. In the following description, the subpixel electrodes
124a and 1245 will sometimes be referred to herein as a “first
subpixel electrode” and a “second subpixel electrode”,
respectively. The subpixels SPa and SPb are defined by the
first and second subpixel electrodes 124a and 1245, respec-
tively.

In the liquid crystal display device 100, one gate line G is
provided for a single row of pixels P and two source lines Sa
and Sb are provided for a single column of pixels P. In the
following description, the configuration of this liquid crystal
display device 100 will be described with attention paid to a
pixel P that is located at a row m, column n position. One gate
line G and two source lines Sa and Sb are provided for the
subpixels SPa and SPb belonging to that pixel P.

A transistor 130a is provided as a switching element for the
subpixel SPa, and a transistor 1305 is provided as a switching
element for the subpixel SPb. Specifically, the transistor 130a
includes a gate that is electrically connected to the gate line G,
a source that is electrically connected to the source line Sa,
and a drain that is electrically connected to the first subpixel
electrode 124a. Likewise, the transistor 1305 includes a gate
that is electrically connected to the gate line G, a source that
is electrically connected to the source line Sb, and a drain that
is electrically connected to the second subpixel electrode
1245. In the following description, such a transistor arranged
in the display area will sometimes be referred to herein as a
“pixel transistor”. Specifically, these transistors 130a and
1305 will sometimes be referred to herein as a “first pixel
transistor” and a “second pixel transistor”, respectively. Thin-
film transistors (TFTs) may be used as the first and second
transistors 130a and 1305.

In the peripheral area E of the liquid crystal display device
100, arranged is a gate driver 210, which includes almost as
many gate output terminals as the rows of pixels P. Each gate
output terminal is electrically connected to its associated gate
line G. The gate driver 210 supplies a gate signal to the
respective gates of the TFTs 1304 and 1305 through the gate
line G, thereby controlling the TFTs 130a and 1304.
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In the peripheral area E of the liquid crystal display device
100, also arranged is a source driver 220, which includes
almost as many source output terminals as the columns of
pixels. Each source output terminal is electrically connected
to its associated connector line 225x. Two branch lines 2254
and 22556 are extended from each connector line 225x.

In this liquid crystal display device 100, a transistor 180a is
arranged between the branch line 225¢ and the source line Sa,
and a transistor 1805 is arranged between the branch line
225b and the source line Sh. The transistor 180« includes a
gate, a source that is electrically connected to the branch line
2254, and a drain that is electrically connected to the first
source line Sa. Likewise, the transistor 1805 includes a gate,
a source that is electrically connected to the branch line 2255,
and a drain that is electrically connected to the second source
line Sb. TFTs may be used as the transistors 180a and 1805,
which may be fabricated by performing the same series of
manufacturing processing steps as the TFTs 130« and 1304.

The source signal is output from the source driver 220 to
the branch lines 2254 and 2255 through the connector line
225x. In the liquid crystal display device 100 of this embodi-
ment, the TFTs 180a and 1805 set mutually different voltages
on the source lines Sa and Sb when the first and second pixel
transistors 130a and 1305 turn OFF. That is why the voltage
applied to the subpixel electrode 124a becomes different
from the one applied to the subpixel electrode 1245, and
therefore, the subpixels SPa and SPb exhibit mutually differ-
ent luminances. In the following description, the TFTs 180a
and 1805 will sometimes be referred to herein as a “first
source transistor” and a “second source transistor”, respec-
tively.

It should be noted that the connector line 225x, the branch
lines 2254 and 2255 and the first and second source transistors
180a and 1805 are all located in the peripheral area E. Also,
the connector line 225x, the branch lines 225a and 2255, and
the first and second source lines Sa and Sb will sometimes be
collectively referred to herein as a “source bus line S”. The
source driver 220 supplies a source signal to the source bus
line S.

In the liquid crystal display device 100, further arranged
are CS lines CSx and CSy, each of which forms, along with its
associated subpixel electrode 124a or 1245, a storage capaci-
tor either directly or indirectly. These CS lines CSx and CSy
are connected to the same CS trunk line CST and are supplied
with equivalent CS voltages. A CS voltage generator 230 that
generates a CS voltage is arranged in the peripheral area E.
The CS voltage may be equivalent to the voltage of the
counter electrode 144. Or the CS voltage that has been gen-
erated by the CS voltage generator 230 may be applied to the
counter electrode 144 of the counter substrate 140.

FIG. 3 is a plan view schematically illustrating the liquid
crystal display device 100. Although a number of pixels P are
actually arranged in the display area D, only one of those
pixels P is illustrated in FIG. 3. Also, the illustration of the CS
voltage generator 230 shown in FIG. 2 is omitted in FIG. 3.

In the liquid crystal display device 100, the TFT 1805 has
a different characteristic from the TFT 180a. Specifically, the
TFT 1805 has a different threshold voltage from the TFT
180qa. For example, the threshold voltage of the TFT 1804
may be higher than that of the TFT 180a. Furthermore, in the
liquid crystal display device 100, the gate of the TFT 1804 1s
electrically connected to its own source, and the gate of the
TFT 1805 is electrically connected to its own source. In this
manner, the TFTs 180a and 1805 are diode connected.

Hereinafter, it will be described with reference to FIGS. 3
and 4 how to drive the liquid crystal display device 100. In the
following example, it will be described how a write operation
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may be performed on a pixel P. FIG. 4 shows the respective
waveforms of the voltage applied to the gate line G, the
voltages applied to the respective gates of the TFTs 180a and
1805, the output voltage of the source driver, the voltages on
the first and second source lines Sa and Sh, and the CS voltage
in the liquid crystal display device 100.

First of all, in order to select a pixel P, the voltage on the
gate line G is raised from the low level to the high level,
thereby turning the TFTs 130a and 1305 ON. After that, the
voltages on the CS trunk line CST and the counter electrode
144 that are electrically connected together are changed.

Next, a voltage Vs corresponding to a predetermined gray-
scale level is applied from the source driver 220 to the source
bus line S that is associated with that pixel P. The voltage Vs
is transmitted through the connector line 225x and the branch
lines 2254 and 2255b. That is why a voltage that is almost as
high as the one applied to the gate of the TFT 1805 is applied
to the gate of the TFT 180a. It should be noted that in this
liquid crystal display device 100, the voltage Vs supplied
from the source driver 220 with respect to an arbitrary gray-
scale level is greater than the threshold voltage of the TFTs
180a and 1805. As a result, the TFTs 180a and 1805 are
turned ON and the source driver 220 gets electrically con-
nected to the source lines Sa and Sb by way of the connector
line 225x and the branch lines 225a and 2255.

In the liquid crystal display device 100, the TETs 180a and
1805 have mutually different threshold voltages as described
above. Thus, even if the voltages on the branch lines 225a and
225b are the same, the voltages on the source lines Sa and Sb
may be different from each other. The voltage decrease
caused by the TFT 180¢ is substantially equal to the threshold
voltage Vta of the TFT 1804, and therefore, a voltage Vs-Vta
is applied to the source line Sa. Likewise, the voltage decrease
caused by the TFT 1804 is substantially equal to the threshold
voltage Vtb of the TFT 1805, and therefore, a voltage Vs-Vtb
is applied to the source line Sb.

For example, if the threshold voltage Vtb is greater than the
threshold voltage Vta (i.e., if Vtb=Vta+a (where o>0)), the
voltage applied to the source line Sb is lower than the one
applied to the source line Sa. As a result, the voltage of the
subpixel electrode 1245 becomes lower than the one at the
subpixel electrode 124a. Actually, however, it takes a prede-
termined amount of time to get the liquid crystal capacitors
and storage capacitors of the subpixels SPa and SPb charged
fully. And the voltages on the source lines Saand Sb gradually
change with time toward constant voltages Vs-Vta and Vs-
Vb after the voltage of the source driver 220 has changed. In
FIG. 4, however, the voltages on the source lines Sa and Sbh are
supposed to change when the voltage of the source driver 220
changes, in order to avoid complicating the illustration too
much. In this manner, as the voltages on the source lines Sa
and Sb are different, the voltages applied to the subpixel
electrodes 124a and 1245 are also different from each other.

Next, the voltage on the gate line G falls from the high level
to the low level. After that, the voltage ofthe source driver 220
changes. At this point in time, a feedthrough voltage, which
has been generated due to the presence of a parasitic capaci-
tance, causes the voltages of the subpixel electrodes 1244 and
1245 to fall. In FIG. 4, the voltages of the subpixel electrodes
124a and 1245, which have fallen due to the feedthrough
voltage, are indicated by the dotted line. Nevertheless, even
after the voltages have fallen due to the feedthrough voltage,
the voltage of the subpixel electrode 12454 is still lower than
the one at the subpixel electrode 124a. In this manner, since
the voltages of the subpixel electrodes 124a and 1245 are
different from each other, the luminances of the subpixels SPa
and SPb can also be different from each other.
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For example, if the voltages of the subpixel electrodes 124a
and 124b are lower than the one at the counter electrode 144,
the voltage difference between the subpixel electrode 124a
and the counter electrode 144 (i.e., the effective voltage
applied across a portion of the liquid crystal layer 160 that is
allocated to the subpixel SPa) is smaller than the voltage
difference between the subpixel electrode 1245 and the
counter electrode 144 (i.e., the effective voltage applied
across a portion of the liquid crystal layer 160 that is allocated
to the subpixel SPb). Consequently, the subpixel SPa
becomes a dark subpixel and the subpixel SPb becomes a
bright subpixel.

Or if the voltages of the subpixel electrodes 124a and 1245
are higher than the one at the counter electrode 144, the
voltage difference between the subpixel electrode 124a and
the counter electrode 144 (i.e., the effective voltage applied
across a portion of the liquid crystal layer 160 that is allocated
to the subpixel SPa) is larger than the voltage difference
between the subpixel electrode 1246 and the counter elec-
trode 144 (i.e., the effective voltage applied across a portion
of the liquid crystal layer 160 that is allocated to the subpixel
SPhb). Consequently, the subpixel SPa becomes a bright sub-
pixel and the subpixel SPb becomes a dark subpixel this time.

As described above, in the liquid crystal display device 100
of this embodiment, a source signal is output from the source
driver 220 to the branch lines 225q and 2255 by way of the
connector line 225x, but the TFT's 180a and 1805 with mutu-
ally different threshold voltages Vta and Vitb apply a different
voltage to the source line Sb from the one applied to the
source line Sa. As a result, the voltage of the subpixel elec-
trode 1245 becomes different from the one at the subpixel
electrode 124a and the subpixel SPb comes to exhibit a dif-
ferent luminance from the subpixel SPa. In this manner, this
liquid crystal display device 100 carries out a multi-pixel
drive. Also, in this liquid crystal display device 100, as an
equivalent CS voltage may be applied to the respective CS
lines, there is no need to provide multiple CS trunk lines, and
therefore, the planar area of the peripheral area E can be
reduced. Furthermore, in this liquid crystal display device
100, the gate driver 210 may provide only one gate output
terminal for each row of pixels and the source driver 220 may
provide only one source output terminal for each column of
pixels. Consequently, relatively inexpensive drivers can be
used as the gate driver 210 and the source driver 220.

In the embodiment described above, the TFTs 180a and
1805 are supposed to have mutually different threshold volt-
ages. However, the TFTs 130a¢ and 1305 may have substan-
tially equal threshold voltages. If the threshold voltage of the
TFTs 130a and 1305 is higher than that of the TFTs 180a and
1800, a gate voltage that is higher than the threshold voltage
of the TFTs 180a and 18054 is applied to the gate line G when
the TFTs 130a and 130 are turned ON.

Also, if the input video signal indicates that every pixel
should have the same grayscale level, then the brightness
levels of any two subpixels that are adjacent to each other in
either the row direction or the column direction invert in this
liquid crystal display device 100. Furthermore, if the magni-
tude of the voltage applied to the pixel electrode 124 is greater
than that of the voltage applied to the counter electrode 144 in
one of any pair of pixels that are adjacent to each other in the
row direction or the column direction, then the former voltage
becomes smaller than the latter voltage in the other pixel.

For example. if in a pixel P that is located at a row m,
column n position, the voltages of the subpixel electrodes
124a and 124b are +6 'V and +4V, respectively, with respect to
the voltage of the counter electrode 144, the effective voltages
applied to the subpixels SPa and SPb are 6V and 4 V and the
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subpixels SPa and SPb become a bright subpixel and a dark
subpixel, respectively. On the other hand, if in an adjacent
pixel P that is located at either a row m+1, column n position
or arow m, column n+1 position, the voltages of the subpixel
electrodes 124a and 124b are -4 V and -6V, respectively,
with respect to the voltage of the counter electrode 144, the
effective voltages applied to the subpixels SPa and SPb are 4
V and 6V, and the subpixels SPa and SPh become a dark
subpixel and a bright subpixel, respectively.

Also, in a situation where the input video signal indicates
that a pixel should maintain the same grayscale level all
through a number of vertical scanning periods that are defined
by the liquid crystal display device 100, if the voltages of the
subpixel electrodes 124a and 1245 of a pixel P are greater
than the voltage of the counter electrode 144 in one vertical
scanning period, then the former voltages may be smaller
than the latter voltage in the next vertical scanning period. For
example, if the polarity of a voltage to be written is called
“positive” when the voltages of the subpixel electrodes 124a
and 1245 are higher than the voltage of the counter electrode
144 and called “negative” when the voltages of the subpixel
electrodes 124a and 1245 are lower than the voltage of the
counter electrode 144, then one vertical scanning period in
which a positive voltage has been written is followed by
another vertical scanning period in which a negative voltage
is written.

For example, if the voltages of the subpixel electrodes 124a
and 124b are +6 V and +4V, respectively, with respect to the
voltage of the counter electrode 144, the effective voltages
applied to the subpixels SPa and SPb are 6 V and 4 V and the
subpixels SPa and SPb become a bright subpixel and a dark
subpixel, respectively. On the other hand, if in another (typi-
cally, the next) vertical scanning period, the voltages of the
subpixel electrodes 124a and 1245 are -4 V and -6 V, respec-
tively, with respect to the voltage of the counter electrode 144,
the effective voltages applied to the subpixels SPa and SPbare
4V and 6 V, and the subpixels SPa and SPb become a dark
subpixel and a bright subpixel, respectively. In this manner, in
the liquid crystal display device 100, the polarity and the
brightness levels of the subpixels can be inverted every ver-
tical scanning period (or frame).

Hereinafter, it will be described what are advantages of the
liquid crystal display device 100 of this embodiment over its
counterpart as a comparative example.

FIG. 5 (a) is a schematic representation of a liquid crystal
display device 600 as a comparative example. In this liquid
crystal display device 600, peripheral areas E1 and E2 are
arranged on the left- and right-hand sides of the display area
D, respectively, and a third peripheral area E3 is arranged
under the display area D. In each of the peripheral areas E1
and E2, a CS trunk line area T is arranged outside of the
display area D and has twelve CS trunk lines, and a gate driver
extended line area GE with a gate driver extended line is
arranged outside of the CS trunk line area T. Also, a flexible
substrate, to which an integrated circuit (IC) is connected, is
arranged in a gate driver area GD that is located outside of the
gate driver extended line area GE. Meanwhile, in the periph-
eral areaE3, arranged is a source driver and extended line area
SE.

FIG. 5 (b) is a schematic representation of the liquid crystal
display device 100 of this embodiment. In this liquid crystal
display device 100, peripheral areas E1 and E2 are also
arranged on the left- and right-hand sides of the display area
D, respectively, and a third peripheral area E3 is also arranged
under the display area D. In each of the peripheral areas E1
and E2, a CS trunk line area T is arranged outside of the
display area D but has only one CS trunk line, and a gate
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driver extended line area GE with a gate driver extended line
is arranged outside of the CS trunk line area T. Also, a flexible
substrate, to which an integrated circuit (IC) is connected, is
arranged in a gate driver area GD that is located outside of the
gate driver extended line area GE. Meanwhile, in the periph-
eral area E3 of this liquid crystal display device 100, arranged
are not only a source driver and extended line area SE but also
a transistor areca SW with TFTs 180a and 18054, which is
located between the source driver and extended line area SE
and the display area D.

Now, let us pay attention to the lengths of the respective
peripheral areas E1 of the 52 inch liquid crystal display device
600 representing the comparative example and the liquid
crystal display device 100 of this embodiment. In the liquid
crystal display device 600, the length ofthe CS trunk line area
T is substantially equal to the combined length of the gate
driver extended line area GE and the gate driver area GD. On
the other hand, in the liquid crystal display device 100, the
combined length of the gate driver extended line area GE and
the gate driver area GD is almost no different from in the
liquid crystal display device 600, but the peripheral area E1 of
the liquid crystal display device 100is approximately a halfas
long as that of the liquid crystal display device 600 because
the CS trunk line area T is very short in this device 100.

It should be noted that as this liquid crystal display device
100 has the additional TFTs 180a and 1805, its peripheral
area B3 becomes longer than that of the liquid crystal display
device 600 as the comparative example. Nevertheless, the
sum of the planar areas of the peripheral areas E1, E2 and E3
of this liquid crystal display device 100 can still be smaller
than in the liquid crystal display device 600. As a result, this
liquid crystal display device 100 can have a narrower frame
area than the liquid crystal display device 600.

Also, since the liquid crystal display device 100 has a
relatively long peripheral area E3, the source signal tends to
be delayed more easily in the liquid crystal display device 100
than in the liquid crystal display device 600. To avoid such a
signal delay, it is preferred that the semiconductor layer of the
TFTs 180a and 1805 have relatively high carrier mobility. For
example, the active-matrix substrate 120 preferably has either
a microcrystalline semiconductor layer or an oxide semicon-
ductor layer as its semiconductor layer. The oxide semicon-
ductor layer may be made of indium gallium zinc oxide
(IGZ0), for example.

In the embodiment described above, the threshold voltage
ofthe TFT 1804 is supposed to be greater than that of the TFT
180a. However, the present invention is in no way limited to
that specific embodiment. Alternatively, the threshold voltage
of the TFT 180a may be greater than that of the TFT 1805.

Also, inthe embodiment described above, each of the TFTs
180a and 1804 has its gate electrically connected to its source.
However, this is just an example of the present invention.
Alternatively, each of the TFTs 180a and 1805 may have its
gate electrically connected to a separately provided common
line and may be turned ON at a predetermined timing.

Furthermore, in the embodiment described above, the
source signal is supposed to be output from the source driver
220 to the TFTs 180a and 1805 by way of the connector line
225x and the branch lines 225a and 2256, and the number of
the output terminals of the source driver 220 is supposed to be
almost equal to that of the columns of pixels. However, the
present invention is in no way limited to that specific embodi-
ment. Alternatively, with the connector line 225x omitted, the
output terminals of the source driver 220 may be directly
connected to the branch lines 225q and 2256 and the number
of the output terminals of the source driver 220 may be larger
than that of the columns of pixels. In that case, even if the
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source signals supplied through two adjacent output termi-
nals of the source driver 220 are equivalent to each other,
those source signals are also sent to the TFTs 180 and 1805
by way of the branch lines 225q and 2255, thereby realizing
subpixels SPa and SPb that have a predetermined luminance.
Consequently, a relatively inexpensive driver may be used as
the source driver 220.

Embodiment 2

In the embodiment described above, substantially the same
voltage is supposed to be applied to the respective gates of the
two source transistors. However, this is just an example of the
present invention.

Hereinafter, a second specific embodiment ofa liquid crys-
tal display device according to the present invention will be
described with reference to FIG. 6. The liquid crystal display
device 100A of this second embodiment has the same con-
figuration as its counterpart of the firstembodiment described
above except that the device 100A further includes a transis-
tor controller that controls the transistors 180a and 1804.
Thus, description of their common features will be omitted
herein to avoid redundancies. Also, although a huge number
of pixels P are actually arranged in the display area D, only
one of them is illustrated in FIG. 6.

In this liquid crystal display device 100A, the TFTs 180a
and 1805 are also arranged in the peripheral area E. Although
the TFTs 180a and 1805 have mutually different threshold
voltages in the liquid crystal display device 100 described
above, the characteristics (such as the threshold voltages) of
the TFTs 180a and 1804 are substantially equal to each other
in the liquid crystal display device 100A of this embodiment.
In the following description, the threshold voltage of the
TFTs 180a and 1805 will be identified herein by Vitc.

The liquid crystal display device 100 A includes a transistor
controller 240 that controls the transistors 180a and 1805. In
the following description, the transistor controller will some-
times be simply referred to herein as a “controller”. The
controller 240 is electrically connected to the respective gates
of the TFTs 180a and 1806 through lines 242a and 2425,
respectively. Typically, the controller 240 is arranged in the
peripheral area E of the active-matrix substrate 120.

The controller 240 controls the TFTs 1804 and 1804 so that
their ON-state periods are different from each other. As a
result, when the gate line G is in OFF state, the voltages onthe
source lines Sa and Sb will be different from each other, and
therefore, the subpixels SPa and SPb can have mutually dif-
ferent luminances. For example, if the TFT 1804 has a longer
ON-state period than the TFT 1805, the absolute value of the
voltage of the subpixel electrode 124a is greater than that of
the voltage of the subpixel electrode 1245 when the TFTs
130g and 1305 are in OFF state.

Optionally, the controller 240 and the gate driver 210 may
apply either different voltages synchronously with each other
or the same voltage. That is why the controller 240 and the
gate driver 210 may be formed by performing the same series
of process steps, and there is no need to perform any addi-
tional process step to form the controller 240 alone. Still
alternatively, the gate driver 210 may also function as the
controller 240. And every gate output terminal of the gate
driver 210 may be electrically connected to the lines 242a and
242b.

Hereinafter, it will be described with reference to FIGS. 6
and 7 how to drive the liquid crystal display device 100A. In
the following example, a voltage is supposed to be written on
apixel P. In the liquid crystal display device 100A, the ON-
state period of the TFT 1805 is different from (e.g., shorter
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than) that of the TFT 180a. In the following description, the
ON-state periods of the TFTs 180a and 1805 will be identified
by Time Ga and Time Gb, respectively, and Time Ga=Time
Gb+Time f (where Time >0).

First of all, in order to select a pixel P, the voltage on the
gate line G is raised from the low level to the high level,
thereby turning the TFTs 130a and 1305 ON. At the same
time, when the voltage on the gate line G is raised, the volt-
ages on the lines 242a and 2425 are also raised from the low
level to the high level, thereby turning the TFTs 1804 and
1805 ON.

Next, the output voltage of the source driver 220 is changed
into a voltage Vs corresponding to the grayscale level of the
pixel P. As a result, the voltages on the source lines Sa and Sb
start to change. In FIG. 7, in order to charge the liquid crystal
capacitors and storage capacitors of the subpixels SPa and
SPb fully, the voltages on the source lines SPa and SPb
change with time since the voltage of the source driver 220
has changed. In this liquid crystal display device 100A, the
voltages on the lines 242a and 2425 to turn the TFTs 1804 and
1805 ON are equal to each other, so are the threshold voltages
of the TFTs 180a and 1805. That is why the voltages on the
branch lines 225a and 2255 are equal to each other, and the
voltages on the source lines Sa and Sb to be transmitted by
way of the TFTs 180a and 1805 change to substantially the
same degree.

Thereafter, when the ON-state period Time Gb passes, the
controller 240 changes the voltage on the line 2425 into the
low level earlier, thereby turning the TFT 1804 OFF. In this
ON-state period Time Gb, the voltages on the source lines Sa
and Sb are changing with time.

Next, when a time Time [} passes since then, the controller
240 changes the voltage on the line 242a into the low level,
thereby turning the TFT 180a OFF. By this point in time, the
voltage on the source line Sa has already reached a predeter-
mined value. The voltage decrease caused by the TFT 180a is
substantially equal to the threshold voltage Vtc of the TFT
180a, and therefore, a voltage Vs-Vtc is applied to the source
line Sa. Supposing the variation in the voltage on the source
line Sa after the TFT 1804 has been turned OFF and until the
TFT 180a s turned OFF is identified by ¢, a voltage Vs-(Vic+
«) is applied onto the source line Sb. In FIG. 7, the output
voltage of the source driver and the voltages on the first and
second source lines Sa and Sb are shown with respect to the
voltage of the counter electrode 144, and the subpixels SPa
and SPb become a bright subpixel and a dark subpixel,
respectively.

In this case, the controller 240 makes the brightness levels
of the subpixels SPa and SPb different from each other in not
only the pixel P at the row m, column n position but also the
pixel P at the row m, column n+l position as well. For
example, if in the pixel P located at the row m, column n
position, the voltages of the subpixel electrodes 124a and
124b with respect to the voltage of the counter electrode 144
are +6 V and +4 V, respectively, then the effective voltages
applied to the subpixels SPaand SPb are 6 V and 4 V, respec-
tively, thus making the subpixels SPa and SPb a bright sub-
pixel and a dark subpixel, respectively. On the other hand, if
in the pixel P located at the row m, column n+1 position, the
voltages of the subpixel electrodes 124a and 1246 with
respect to the voltage of the counter electrode 144 are -4V
and -6 V, respectively, then the effective voltages applied to
the subpixels SPa and SPb are 4 V and 6 'V, respectively, thus
making the subpixels SPa and SPb a dark subpixel and a
bright subpixel, respectively.

Also, in a situation where the input video signal indicates
that a pixel should maintain the same grayscale level all
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through a number of vertical scanning periods that are defined
by the liquid crystal display device 1004, if the voltages of
the subpixel electrodes 124a and 1245 of a pixel P are greater
than the voltage of the counter electrode 144 in one vertical
scanning period, then the former voltages may be smaller
than the latter voltage in the next vertical scanning period. For
example, one vertical scanning period in which a positive
voltage has been written is followed by another vertical scan-
ning period in which a negative voltage is written.

For example, if the voltages of the subpixel electrodes 124a
and 124b are +6 V and +4V, respectively, with respect to the
voltage of the counter electrode 144, the effective voltages
applied to the subpixels SPa and SPb are 6 V and 4 V and the
subpixels SPa and SPb become a bright subpixel and a dark
subpixel, respectively. On the other hand, if in another (typi-
cally, the next) vertical scanning period, the voltages of the
subpixel electrodes 124a and 1245 are -4 V and -6 V, respec-
tively, with respect to the voltage of the counter electrode 144,
the effective voltages applied to the subpixels SPa and SPbare
4V and 6 V, and the subpixels SPa and SPb become a dark
subpixel and a bright subpixel, respectively.

In the liquid crystal display device 100A of the embodi-
ment described above, the TFTs 1804 and 1805 are supposed
to have the same characteristic. However, the present inven-
tion is in no way limited to that specific embodiment. Alter-
natively, the TFTs 180a and 1805 may have mutually differ-
ent characteristics. For example, the threshold voltage of the
TFT 1805 may be smaller than that of the TFT 180a. In that
case, even if the difference between their ON-state periods is
relatively small, the difference in luminance between the
subpixels SPa and SPb can still be the expected value.

In the embodiment described above, the ON-state period of
the TFT 1805 is supposed to overlap with that of the TFT
180a. However, this is just an example of the present inven-
tion. The ON-state period of the TFT 1805 does not have to
overlap with that of the TFT 180a. Nevertheless, if the ON-
state period of the TFT 1805 does overlap with thatof the TFT
1804, the subpixel electrodes 124a and 1245 can be charged
efficiently.

Embodiment 3

In the embodiments described above, the voltages on the
source lines are made different from each other by taking
advantage of the difference between the ON-state periods of
the source transistors. However, the present invention is in no
way limited to those specific embodiments.

Hereinafter, a third embodiment of a liquid crystal display
device according to the present invention will be described
with reference to FIG. 8. The liquid crystal display device
100B of this embodiment has the same configuration as its
counterpart of the second embodiment described above
except that the voltage applied by the source driver 220 turns
the TFTs 1804 and 1805 ON at different points in time. Thus,
description of their common features will be omitted herein to
avoid redundancies.

In this liquid crystal display device 100B, the TFTs 180a
and 1806 are also arranged in the peripheral area E. Although
the TFTs 180a and 1805 have mutually different threshold
voltages in the liquid crystal display device 100 described
above, the threshold voltages of the TFTs 180a and 1805 may
be substantially equal to each other in the liquid crystal dis-
play device 100B of this embodiment. Also, just like the
liquid crystal display device 100 A described above, the liquid
crystal display device 100B of this embodiment also has the
transistor controller 240 that controls the transistors 180a and
1805.
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In this liquid crystal display device 100B, the gate driver
210 turns the TFTs 1304 and 1305 ON to change the output
voltage of the source driver 220 into a voltage corresponding
to a predetermined grayscale level. Then, first of all, the
controller 240 raises the voltage on the line 2424 to the high
level, thereby turning the TFT 180a ON. When the subpixel
electrode 124a is charged to a predetermined voltage level
through the source line Sa, the controller 240 changes the
voltage on the line 2424 into the low level, thereby turning the
TFT 180a OFF.

Next, with the voltage on the gate line G kept high, the
voltage of the source driver 220 changes into a voltage cor-
responding to the predetermined grayscale level. After that,
the controller 240 raises the voltage on the line 242a to the
high level, thereby turning the TFT 1805 ON. When the
subpixel electrode 1245 is charged to a predetermined voltage
level through the source line Sh, the controller 240 changes
the voltage on the line 2425 to the low level, thereby turning
the TFT 1804 OFF.

Hereinafter, it will be described with reference to FIGS. 8
and 9 how to drive this liquid crystal display device 100B. In
the following example, a voltage is supposed to be written on
apixel P.

First of all, in order to select a pixel P, the voltage on the
gate line G is raised from the low level to the high level,
thereby turning the TFTs 130a and 1305 ON. At the same
time, when the voltage on the gate line G is raised, the voltage
on the line 242q is also raised from the low level to the high
level, thereby turning the TFT 180a ON.

Next, the output voltage of the source driver 220 is changed
into a voltage Vsa corresponding to the grayscale level of the
pixel P. Specifically, the voltage Vsa corresponds to the gray-
scale level of the bright subpixel of the pixel P. As a result, the
voltage on the source line Sa starts to change. As the voltage
decrease caused by the TFT 1804 is substantially equal to the
threshold voltage Vta, a voltage Vsa-Vta is applied onto the
source line Sa. Actually, however, it takes a predetermined
amount of time to get the liquid crystal capacitor and storage
capacitor of the subpixel SPa charged fully. And the voltage
on the source line Sa gradually changes with time toward a
constant voltage after the voltage of the source driver 220 has
changed. In FIG. 9, however, the voltage on the source line Sa
is supposed to change when the voltage of the source driver
220 changes, in order to avoid complicating the illustration
too much.

Thereafter, the controller 240 changes the voltage on the
line 2424 associated with the TFT 180a into the low level,
thereby turning the TFT 180a OFF. Meanwhile, the voltage
on the gate line G stays high.

Next, the output voltage of the source driver 220 is changed
into a voltage corresponding to the grayscale level of the
subpixel SPb. Specifically, the voltage Vsb corresponds to the
grayscale level of the bright subpixel of the pixel P. Thereaf-
ter, the voltage on the line 2425 to select the TFT 1805 is
raised from the low level to the high level, thereby turning the
TFT 1805 ON. As a result, the voltage on the source line Sb
starts to change. As the voltage decrease caused by the TFT
1805 is substantially equal to the threshold voltage Vitb, a
voltage Vsb-Vtb is applied onto the source line Sb. If the
threshold voltages of the TFTs 180a and 1804 are equal to
each other and are both represented by Vtc, a voltage Vs-Vitc
is applied onto the source line Sa. Also, if the variation in the
voltages Vsa and Vsb of the source driver 220 is identified by
a, a voltage Vs—(Vtc+a) is applied onto the source line Sh.

In this manner, the controller 240 turns the TFTs 180a and
1805 ON at respective points in time when the output voltages
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of the source driver 220 are different from each other, thereby
making the luminance of the subpixel SPa different from that
of the subpixel SPh.

In theliquid crystal display device 100B, the controller 240
and the gate driver 210 may apply either different voltages
synchronously with each other or the same voltage. That is
why the controller 240 and the gate driver 210 may be formed
by performing the same series of process steps, and there is no
need to perform any additional process step to form the con-
troller 240 alone.

In the liquid crystal display device 100B of the embodi-
ment described above, the TFTs 1804 and 1805 are supposed
to have the same characteristic. However, the present inven-
tion is in no way limited to that specific embodiment. Alter-
natively, the TFTs 180a and 1805 may have mutually differ-
ent characteristics. For example, the threshold voltage of the
TFT 1805 may be smaller than that of the TFT 180a.

Furthermore, in the embodiments described above, each
pixel is supposed to have two subpixels. However, this is just
an example of the present invention. Optionally, each pixel
may have three or more subpixels as well. For example, each
pixel electrode 124 may include three or more subpixel elec-
trodes and three or more source lines and three or more source
transistors may be provided for each column of pixels.
Industrial Applicability

The present invention provides a liquid crystal display
device that can not only minimize an increase in driver cost
but also reduce the planar-area of the frame area sufficiently.

REFERENCE SIGNS LIST

100 liquid crystal display device
120 active-matrix substrate

124 pixel electrode

1244 first subpixel electrode
1245 second subpixel electrode
126 alignment film

130a first pixel transistor

1305 second pixel transistor
140 counter substrate

144 counter electrode

146 alignment film

160 liquid crystal layer

180a first source transistor
1805 second source transistor
210 gate driver

220 source driver

240 transistor controller

The invention claimed is:

1. A liquid crystal display device comprising:

a pixel electrode, which includes first and second subpixel
electrodes;

a counter electrode;

aliquid crystal layer, which is interposed between the pixel
electrode and the counter electrode;

a gate line;

a first source line;

a second source line;

a first pixel transistor, which includes a gate that is electri-
cally connected to the gate line, a source that is electri-
cally connected to the first source line, and a drain that is
electrically connected to the first subpixel electrode;

a second pixel transistor, which includes a gate that is
electrically connected to the gate line, a source that is
electrically connected to the second source line, and a
drain that is electrically connected to the second sub-
pixel electrode;
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a gate driver, which supplies a gate signal to the gate line;
a first branch line;
a second branch line;

a source driver, which supplies a source signal to the first
and second branch lines;

a first source transistor, which includes a gate, a source that
is electrically connected to the first branch line, and a
drain that is electrically connected to the first source line,
wherein the gate of the first source transistor is electri-
cally connected to the source of the first source transis-
tor; and

a second source transistor, which includes a gate, a source
that is electrically connected to the second branch line,
and a drain that is electrically connected to the second
source line, wherein the gate of the second source tran-
sistor is electrically connected to the source of the sec-
ond source transistor.

2. The liquid crystal display device of claim 1, further
comprising a connector line that electrically connects the first
and second branch lines to the source driver.
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3. The liquid crystal display device of claim 1, wherein the
second source transistor has a different threshold voltage
from the first source transistor.

4. The liquid crystal display device of claim 1, further
comprising a transistor controller that controls the first and
second source transistors.

5. The liquid crystal display device of claim 4, wherein the
transistor controller controls the first and second source tran-
sistors so that the ON-state periods of the first and second
source transistors are different from each other.

6. The liquid crystal display device of claim 4, wherein
while the gate driver keeps the first and second pixel transis-
tors ON, the source driver changes the levels of the voltage
applied to the first and second branch lines from a first voltage
into a second voltage, and

wherein while the source driver is applying the first volt-

age, the transistor controller turns the first source tran-
sistor ON, and

wherein while the source driver is applying the second

voltage, the transistor controller turns the second source
transistor ON.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

REBHA(F)
£ 5B
HAB A TF SOk
S\EReERE

BE@®F)

BEALZANRIETEE (100) 25 F—NE_BEZREE
(130a, 130b ) ;#M#RIEZHES (210 ) , E@MRL ( G ) REMIRES,
RIEZEE (220 ) , ME—MEBE =XKL (225af225b ) RIFFESFE—
RBEE (180a) , BIFBEFEFIE — 4 (2250 ) KRB BEEE
E—FRWL (Sa) WRIE-RKAEE (180b ) BIEHIEFEE X4
(225b ) KORIRA EBIEIER S ZJRIRE (Sb ) KRR,

patsnap
RBERRE
US8907880 NI (»&E)B 2014-12-09
US13/394545 RiEH 2010-09-09
EEKRAaut
EEHkRAaut
EEKRA L4
OHARA MASANORI
OHARA, MASANORI
G02F1/1362 G09G3/36

G09G2300/0823 G09G2310/0224 G09G3/3688 GO2F1/1362 G09G3/3651 G09G2300/0447 G09G2300
/0443

XERWESFAR
2009209697 2009-09-10 JP
US20120223921A1

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/d4173023-99a4-4730-a301-6166aaafe450
https://worldwide.espacenet.com/patent/search/family/043732488/publication/US8907880B2?q=US8907880B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8907880.PN.&OS=PN/8907880&RS=PN/8907880

