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(7) ABSTRACT

A liquid crystal display device (100) according to the present
invention includes: an active-matrix substrate (120) including
pixel electrodes (124); a counter substrate (140) including a
counter electrode (144); and a vertical alignment liquid crys-
tal layer (160), which is interposed between the active-matrix
substrate (120) and the counter substrate (140). The counter
electrode (144) includes a number of divided counter elec-
trodes (145). Each of the pixel electrodes (124) is associated
with at least two of the divided counter electrodes that are

................................. 2008263128  arranged over the pixel electrode (145).
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

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

BACKGROUND ART

[0002] 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 developed 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.

[0003] Known as a kind of VA mode LCD is an MVA
(multi-domain vertical alignment) mode LCD in which mul-
tiple 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 intet-
posed between them, so that the alignment control structure
contacts with the liquid crystal layer. As the alignment control
structure, a linear slit (opening) or a rib (projection) of an
electrode may be used, thereby applying anchoring 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.
[0004] Also known as another kind of VA mode LCD is a
CPA (continuous pinwheel alignment) mode LCD. In a nor-
mal CPA mode LCD, its pixel electrodes have a highly sym-
metric shape and either an opening or a projection (which is
sometimes called a “rivet”) is arranged on the surface of the
counter substrate in contact with 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 elec-
trode and induces radially tilting alignments of liquid crystal
molecules. Also, with a rivet provided, the anchoring force
produced on the slope of the rivet stabilizes the tilted align-
ments of the liquid crystal molecules. As the liquid crystal
molecules are radially aligned within a single pixel in this
manner, the viewing angle characteristic can be improved.
[0005] Itis 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 adjust-
ments are made so as to optimize the display performance
when viewed straight on, then the display performance (in-
cluding 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
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direction of a liquid crystal molecule is somewhat tilted with
respect to the principal surface of the substrate. And if the
viewing angle (or viewing direction) 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.

[0006] 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 person’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 unnatu-
rally 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.

[0007] To minimize such a whitening phenomenon, mul-
tiple (typically two) subpixels may be formed by splitting a
single pixel electrode into multiple (typically two) subpixel
electrodes and setting the potentials at those subpixel elec-
trodes to be different from each other. In such an LCD, 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).

[0008] Specifically, in the LCD disclosed in Patent Docu-
ment No. 1, the two subpixel electrodes are connected to
mutually different source bus lines by way of two different
switching elements and are driven so as to have respectively
different potentials. If the two subpixel electrodes have mutu-
ally different potentials in this manner, then two different
voltages will be applied to respective portions of the liquid
crystal layer that are associated with those two subpixels, thus
making the transmittances of those subpixels different from
each other. Consequently, the whitening phenomenon can be
much less perceptible.

[0009] On the other hand, in the LCD disclosed in Patent
Document No. 2, two different switching elements associated
with the two subpixel electrodes are connected to mutually
different gate bus lines. In the LCD disclosed in Patent Docu-
ment No. 2, since the two gate bus lines are activated at
mutually different points in time at least partially, the two
subpixel electrodes are driven so as to have respectively dif-
ferent potentials.

[0010] Furthermore, the LCD disclosed in Patent Docu-
ment No. 3 has two CS bus lines, each of which forms, along
with an associated one of the two subpixel electrodes, a stor-
age capacitor either directly or indirectly. By applying mutu-
ally different CS voltages to those two CS bus lines, the
effective voltage applied to the liquid crystal layer will
change. In this manner, the LCD of Patent Document No. 3
reduces the whitening phenomenon to an imperceptible level.

CITATION LIST
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[0011] Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2006-209135

[0012] Patent Document No. 2: Japanese Patent Applica-
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[0013] Patent Document No. 3: Japanese Patent Applica-
tion Laid-Open Publication No. 2004-62146
SUMMARY OF INVENTION
Technical Problem

[0014] Inthe LCDdisclosed in Patent Document No. 1, two
source bus lines need to be provided for each column of
pixels, and therefore, the number of source bus lines to pro-
vide should be doubled. On the other hand, in the LCD dis-
closed in Patent Document No. 2, two gate bus lines need to
be provided for each row of pixels, thus doubling the number
of gate bus lines to provide. Furthermore, in both of the LCDs
of Patent Document Nos. 1 and 2, a TFT should be provided
for each subpixel electrode. For that reason, the aperture ratio
of the overall display area in the LCDs of Patent Documents
Nos. 1 and 2 becomes lower than usual.

[0015] Meanwhile, in the LCD disclosed in Patent Docu-
ment No. 3, the difference in the voltage applied to the liquid
crystal layer is smaller than the difference in CS voltage.
Particularly in a situation where a TFT has a large gate-drain
capacitance, even ifthe CS voltages are significantly different
from each other, the difference in the effective voltage applied
to the respective portions of the liquid crystal layer that are
associated with the two subpixels is not so great, and there-
fore, the transmittances of those two subpixels are not suffi-
ciently different from each other. In that case, even if they
attempt to control the grayscale characteristics of the subpix-
els sufficiently, the power dissipation will just increase, and
therefore, the whitening phenomenon cannot be reduced effi-
ciently.

[0016] It is therefore an object of the present invention to
provide a liquid crystal display device that can minimize such
adecrease in the aperture ratio of the display area and that can
reduce the whitening phenomenon efficiently.

Solution to Problem

[0017] A liquid crystal display device according to the
present invention includes: an active-matrix substrate includ-
ing a number of pixel electrodes that are arranged in columns
and rows so as to form a matrix pattern; a counter substrate
including a counter electrode; and a vertical alignment liquid
crystal layer, which is interposed between the active-matrix
substrate and the counter substrate. The counter electrode
includes a number of divided counter electrodes. Each of the
pixel electrodes is associated with at least two of the divided
counter electrodes that are arranged over the pixel electrode.
[0018] In one preferred embodiment, each of the divided
counter electrodes runs in a row direction in which the rows
are defined.

[0019] In another preferred embodiment, the divided
counter electrodes include first and second divided counter
electrodes. The second electrode is arranged adjacent to the
first electrode. First and second counter electrode signals are
supplied to the first and second divided counter electrodes,
respectively. The second signal is different from the first
signal.

[0020] In still another preferred embodiment, each of the
divided counter electrodes runs straight in the row direction.
In this particular preferred embodiment, one row of the pixel
electrodes is associated with at least two of the divided
counter electrodes that are arranged over that row of pixel
electrodes.
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[0021] 1In yet another preferred embodiment, each of the
divided counter electrodes has a portion that is extended
obliquely with respect to the row direction.

[0022] In a specific preferred embodiment, at least one of
the divided counter electrodes runs zigzag in the row direc-
tion.

[0023] Inamorespecific preferred embodiment, one of any
two adjacent ones of the divided counter electrodes is super-
imposed over a part of one particular row of the pixel elec-
trodes. The other one of the two adjacent divided counter
electrodes is superimposed over not only another part of that
particular row of pixel electrodes but also a part of another
row of pixel electrodes that is adjacent to that particular row.

[0024] In an alternative preferred embodiment, each of the
divided counter electrodes runs zigzag in the row direction.

[0025] In another preferred embodiment, one of any two
adjacent ones of the divided counter electrodes runs zigzag in
the row direction. The other one of the two adjacent divided
counter electrodes has a trunk portion that runs straight in the
row direction and branch portions, which are extended from
the trunk portion so as to run in two opposite directions and
change the directions one column after another.

[0026] In still another preferred embodiment, each of the
pixel electrodes has multiple unit portions. Each of the
divided counter electrodes is arranged over at least one of the
unit portions that at least one of the pixel electrodes that form
each row has.

[0027] Inthis particular preferred embodiment, liquid crys-
tal molecules in the liquid crystal layer are aligned symmetri-
cally with respect to the center of each of the unit portions.

[0028] In a specific preferred embodiment, the surface of
the counter substrate that contacts with the liquid crystal layer
has openings or rivets, which are located right over the respec-
tive centers of the unit portions.

[0029] In another specific preferred embodiment, each of
the unit portions has a fishbone structure.

[0030] In this particular preferred embodiment, the surface
of the unit portions that contacts with the liquid crystal layer
has ribs or slits, and the surface of the counter substrate that
contacts with the liquid crystal layer also has ribs or slits.

[0031] In yet another preferred embodiment, the area of
some of the divided counter electrodes, to which the first
counter electrode signal is supplied, is different from that of
some other one(s) of the divided counter electrodes, to which
the second counter electrode signal is supplied.

[0032] In an alternative preferred embodiment, the area of
some of the divided counter electrodes, to which the first
counter electrode signal is supplied, is substantially equal to
that of some other one(s) of the divided counter electrodes, to
which the second counter electrode signal is supplied.

[0033] In yet another preferred embodiment, the liquid
crystal display device further includes a first alignment sus-
taining layer, which is arranged between the pixel electrodes
and the liquid crystal layer, and a second alignment sustaining
layer, which is arranged between the counter electrode and
the liquid crystal layer.

[0034] Inyetanother preferred embodiment, at least one of
the active-matrix substrate and the counter substrate further
includes an alignment layer. When no voltage is applied to the
liquid crystal layer, liquid crystal molecules tilt with respect
to a normal to the principal surface of the alignment layer.
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Advantageous Effects of Invention

[0035] The present invention provides a liquid crystal dis-
play device that can minimize a decrease in the aperture ratio
ofthe display area and that can reduce the whitening phenom-
enon efficiently.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIG. 1 is a schematic representation illustrating a
first preferred embodiment of a liquid crystal display device
according to the present invention.

[0037] FIG. 2 is a schematic plan view of the liquid crystal
display device shown in FIG. 1.

[0038] FIG.3isaschematic representation illustrating how
lines are arranged on the counter substrate of the liquid crystal
display device shown in FIG. 1.

[0039] FIG.4isagraphshowing how the V-T characteristic
changes with a potential at the counter electrode.

[0040] FIG. 5 shows the waveforms of counter electrode
signals applied to first and second counter electrodes.
[0041] FIG. 6is a graph showing how the oblique transmit-
tance changes with respect to the straight transmittance.
[0042] FIG. 7(a)is a schematic representation showing the
optical transmittances of two different pixels and FIG. 7(5) is
a schematic cross-sectional view thereof.

[0043] FIG. 8(a) is a schematic representation showing the
optical transmittances of two different pixels and FIG. 8(5) is
a schematic cross-sectional view thereof.

[0044] FIG.9(a)is a schematic representation showing the
optical transmittances of two different pixels and FIG. 9(5) is
a schematic cross-sectional view thereof.

[0045] FIG. 10(a) is a schematic representation showing
the optical transmittances of two different pixels and FIG.
10(b) is a schematic cross-sectional view thereof.

[0046] FIG. 11(a) is a schematic plan view illustrating a
second preferred embodiment of a liquid crystal display
device according to the present invention and FIG. 11(5) is a
schematic cross-sectional view thereof.

[0047] FIG. 12 is a schematic representation illustrating an
arrangement of counter electrodes in a liquid crystal display
device as a third preferred embodiment of the present inven-
tion.

[0048] FIG. 13 is a schematic representation illustrating an
alternative arrangement of counter electrodes in a modified
example of the third preferred embodiment.

[0049] FIG. 14 is a schematic representation illustrating a
fourth preferred embodiment of a liquid crystal display
device according to the present invention.

[0050] FIG. 15 is a graph showing how the oblique trans-
mittance changes with respect to the straight transmittance.
[0051] FIG. 16 is a schematic representation illustrating a
fifth preferred embodiment of a liquid crystal display device
according to the present invention.

[0052] FIG. 17 is a schematic representation illustrating a
sixth preferred embodiment of a liquid crystal display device
according to the present invention.

[0053] FIG. 18 is a graph showing how the oblique trans-
mittance changes with respect to the straight transmittance.
[0054] FIG. 19 is a schematic representation illustrating a
seventh preferred embodiment of a liquid crystal display
device according to the present invention.
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[0055] FIG. 20 is a schematic representation illustrating an
arrangement of counter electrodes in a liquid crystal display
device as an eighth preferred embodiment of the present
invention.

[0056] FIG. 21 is a schematic representation illustrating a
ninth preferred embodiment of a liquid crystal display device
according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0057] Hereinafter, preferred embodiments ofa liquid crys-
tal display device according to the present invention will be
described with reference to the accompanying drawings. It
should be noted that the present invention is in no way limited
to the specific preferred embodiments to be described below.

Embodiment 1

[0058] Firstofall, a First Specific Preferred Embodiment of
aliquid crystal display device according to the present inven-
tion will be described. FIGS. 1 and 2A are respectively a
schematic representation and a schematic plan view illustrat-
ing a liquid crystal display device 100A as a first preferred
embodiment of the present invention.

[0059] The liquid crystal display device 100A includes an
active-matrix substrate 120 with pixel electrodes 124 and an
alignment layer 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 layer 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 not shown, 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.
[0060] Inthisliquid crystal display device 100A, 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
represented by a set of R, G and B pixels. In this case, each
pixel is defined by an associated one of the pixel electrodes
124.

[0061] This liquid crystal display device 100A operates in
the VA mode. Thus, the alignment layers 126 and 146 are
vertical alignment layers and the liquid crystal layer 160 is a
vertical alignment liquid crystal layer. As used herein, the
“vertical 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
layers 126 and 146. The liquid crystal molecules have nega-
tive dielectric 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. Specifically, in that mode, when no voltage is applied
to the liquid crystal layer 160, the liquid crystal molecules
162 in the liquid crystal layer 160 are aligned substantially
parallel to a normal to the principal surface of the alignment
layers 126 and 146. On the other hand, when a voltage that is
higher than a predetermined voltage is applied to the liquid
crystal layer 160, the liquid crystal molecules 162 in the
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liquid crystal layer 160 are aligned substantially parallel to
the principal surface of the alignment layers 126 and 146. In
this example, each of the active-matrix substrate 120 and the
counter substrate 140 has its alignment layer 126, 146. How-
ever, according to the present invention, at least one of the
active-matrix substrate 120 and the counter substrate 140
needs to have its alignment layer 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 layer 126, 146.

[0062] FIG. 2 schematically illustrates some pixels of the
liquid crystal display device 100A. Gate bus lines G runin the
x direction, while source bus lines S run in the y direction.
Also, a TFT 130 is arranged in the vicinity of each of the
intersections between the gate bus lines G and the source bus
lines S. The pixels illustrated in FIG. 2 are arranged in two
columns and two rows.

[0063] Each of the pixel electrodes 124 includes two unit
portions 1241 and 1242 and a linking portion 1241. The
unit portions 124u1 and 12442 are arranged in the column
direction (i.e., in the y direction). The linking portion 12471
links these two unit portions 124u1 and 12442 together. And
the potential at one unit portion 124u1 is as high as the
potential at the other unit portion 124u2. Although not all of
them are illustrated in FIG. 2, each display area unit that
represents one color in the liquid crystal display device 100A
has six unit portions in total, which are arranged in two
columns and three rows. That is to say, each row consists of
two unit portions that are arranged in the x direction and each
column consists of three unit portions that are arranged in the
y direction.

[0064] These two unit portions 124x1 and 124#2 have the
same shape. Specifically, the unit portion 1241 includes a
crossed axis portion 124¢ and striped portions 124v, which are
extended from the axis portion 124¢. Suppose the four regions
defined by the crossed axis portion 124z are identified by R1
through R4, respectively, the horizontal direction on the dis-
play screen (i.e., on the paper) is the reference direction to
determine the azimuth, and the counterclockwise direction is
positive direction. That s to say, comparing the display screen
to the face of a clock, the three o’clock direction corresponds
to an azimuth of zero degrees and the counterclockwise direc-
tion is the positive direction. In that case, the striped portions
124v of the regions R1 and R3 run in two opposite directions
that are defined by azimuths of 135 and 315 degrees, respec-
tively. On the other hand, the striped portions 124v of the
regions R2 and R4 run in two opposite directions that are
defined by azimuths of 45 and 225 degrees, respectively. As
can be seen, these two unit portions 124u1 and 1242 have a
fishbone structure. Also, each of these unit portions 124u1
and 12442 measures 45 pm square and the linking portion
12471 has a length of 5 pm. The width of the axis portion 124¢
and the width and the pitch of the striped portions 124v are 4
um, 2.5 pm, and 5.0 wm, respectively.

[0065] In the liqud crystal display device 100A of this
preferred embodiment, the counter electrode 144 is formed of
anumber of electrodes 145 that are separated from each other.
Such separated electrodes will be referred to herein as
“divided counter electrodes”.

[0066] Also, as can be seen easily from FIG. 2, in this liquid
crystal display device 100A, each divided counter electrode
145 runs straight in the row direction. In the following
description, such a divided counter electrode that runs
straight will sometimes be referred to herein as “linear
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counter electrode”. A linear slit 145s has been cut between
two adjacent linear counter electrodes 145. And those two
linear counter electrodes 145 are arranged right over the pixel
electrodes 124 that are arranged to form one row. Each linear
counter electrode 145 has a width of 45 ym as measured in the
y direction and each slit 145s has a width of 5 pm.

[0067] In this example, the two linear counter electrodes
145 that are respectively arranged over the unit portions
12411 and 12442 of one pixel electrode 124 will be identified
herein by the reference numerals 145q and 1455 and some-
times referred to herein as a “first linear counter electrode
145¢” and a “second linear counter electrode 1455, respec-
tively. The first and second linear counter electrodes 145a and
1455 are electrically independent of each other and supplied
with mutually different counter electrode signals. Those sig-
nals applied to the first and second linear counter electrodes
145q and 1455 will be referred to herein as a “first counter
electrode signal” and a “second counter electrode signal”,
respectively. Those first and second counter electrode signals
may be either generated by an external circuitand input to this
liquid crystal display device 100A through two COM termi-
nals or generated by a driver.

[0068] Each pixel P defined by its associated pixel elec-
trode 124 has two subpixels SP1 and SP2, which are defined
by the superimposition of the first linear counter electrode
1454 over the unit portion 124u1 and the superimposition of
the first linear counter electrode 145b over the unit portion
12442, respectively. Thus, in this liquid crystal display device
100A, each of these unit portions 1241 and 1242 functions
as a subpixel electrode.

[0069] As shown in FIG. 3, the counter substrate 140 has a
display area 140D and a frame area 1403, which surrounds
the display area 140D. The first and second counter electrode
signals are supplied to the linear counter electrodes 1454 and
14556 through two lines that are arranged in respective por-
tions of the frame area 1405 on the left- and right-hand sides
of the display area 140S. In this case, the linear counter
electrodes 145 on odd-numbered rows are electrically con-
nected together with one of those two lines and receive the
first counter electrode signal, while the linear counter elec-
trodes 145 on even-numbered rows are electrically connected
together with the other line and receive the second counter
electrode signal.

[0070] Now look at FIGS. 1 and 2 again. When a voltage is
applied to the liquid crystal layer 160, the liquid crystal mol-
ecules 162 in the liquid crystal layer 160 are aligned parallel
to the direction in which the striped portions 124v run. At that
time, the fishbone structure of the unit portions 124«1 and
12442 stabilizes the alignments of the liquid crystal mol-
ecules 162, thereby producing liquid crystal domains in those
four regions R1 through R4.

[0071] Inthe following description, the alignment direction
of liquid crystal molecules around the center of a liquid crys-
tal domain will be referred to herein as a “reference alignment
direction”. On the other hand, the azimuthal component of
that reference alignment direction that points from the rear
plane toward the front plane of the liquid crystal display
device along the liquid crystal molecules major axis (i.e., the
azimuthal component obtained by projecting the reference
alignment direction onto the principal surface of one of the
two alignment layers 126 and 146) will be referred to herein
as a “reference alignment azimuth”. Each reference align-
ment azimuth characterizes its associated liquid crystal
domain and has a dominant effect on the viewing angle char-
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acteristic of that liquid crystal domain. Specifically, the
respective reference alignment directions of the liquid crystal
domains (i.e., the regions R1 through R4) are defined to be
four directions, any two of which have a difference that is
substantially equal to an integral multiple of 90 degrees. More
specifically, these four regions or liquid crystal domains R1
through R4 have reference alignment azimuths of 135, 45,
315 and 225 degrees, respectively. As a result, a symmetric
viewing angle characteristic is realized.

[0072] As described above, a first counter electrode signal
is applied to the first linear counter electrode 145a, and a
second counter electrode signal, which is different from the
first counter electrode signal, is applied to the second linear
counter electrode 1455. Since the unit portions 1241 and
1242 of each pixel electrode 124 have an equivalent poten-
tial, the voltage applied to a portion of the liquid crystal layer
160 between the unit portion 1241 and the first linear counter
electrode 1454 1s different from the voltage applied to another
portion of the liquid crystal layer 160 between the unit portion
12442 and the second linear counter electrode 1455. And at a
grayscale tone, the subpixel SP1 has a different transmittance
from the subpixel SP2.

[0073] In this example, to avoid giving overly complicated
description, the input signal is supposed to make the gray-
scale levels of all pixels equal to each other. For example, if
the input signal is going to increase the grayscale level of
every pixel to the maximum one, then the color white will be
displayed on the entire screen. Also, if a voltage of 5V is
applied to the liquid crystal layer 160, then each pixel has a
transmittance that is associated with the maximum grayscale
level.

[0074] In order to reduce the whitening phenomenon, the
liquid crystal display device 100A of this preferred embodi-
ment regulates the potential at the counter electrode, not at the
pixel electrodes. Now let us consider how high the potentials
at the pixel electrodes 124 and at the first and second linear
counter electrodes 145a and 1455 should be with respect to
the reference potential at the counter electrode. For example,
if the voltage applied to the liquid crystal layer 160 is SV and
if the potential at the pixel electrode 124 is higher than the
potential at the counter electrode 144 and if the reference
potential at the counter electrode 144 is 0V, then the potential
at the pixel electrodes 124 is 5 V. It should be noted that the
reference potential at the counter electrode 144 is not always
equal to the so-called “ground potential”.

[0075] Inthisliquid crystal display device 100A, the poten-
tial at the first linear counter electrode 1454 is -1 V with
respect to the reference potential and the potential at the
second linear counter electrode 1455 is +1 V with respect to
the reference potential. In that case, the voltage applied to the
liquid crystal layer 160 of the subpixel SP1 is 6 V and the
voltage applied to the liquid crystal layer 160 of the subpixel
SP2is 4 V. Thus, the voltage applied to the liquid crystal layer
160 ofthe subpixel SP1 associated with the first linear counter
electrode 145aq is different from the one applied to that of the
subpixel SP2 associated with the second linear counter elec-
trode 1456.

[0076] It should be noted that the sum of the variations in
the potentials at the first and second linear counter electrodes
145q and 1455 with respect to the reference potential is sub-
stantially equal to zero. Also, the average of the transmit-
tances of the subpixels SP1 and SP2 is substantially equal to
that of the pixel when a reference voltage is applied to the
counter electrode.
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[0077] Hereinafter, it will be described with reference to
FIG. 4 how the V-T characteristic changes with varying
potentials at the counter electrode. In FIG. 4, the abscissa
represents the potential difference (or its absolute value)
between the potential at the pixel electrodes and the reference
potential at the counter electrode, while the ordinate repre-
sents the intensity.

[0078] If the potential V¢ of the counter electrode signal
varies by +1 V, then the voltage applied to the liquid crystal
layer changes by -1V and the rising voltage of the V-T curve
changes by +1 V. Conversely, if the potential Ve of the counter
electrode signal varies by —1 V, then the voltage applied to the
liquid crystal layer changes by +1 V and the rising voltage of
the V-T curve changes by -1 V.

[0079] Likewise, if the potential of the counter electrode
signal varies by 0.1 V, then the rising voltage of the V-T curve
ofthe pixel increases or decreases by 0.1 V. Specifically, ifthe
potential at the pixel electrodes 124 is positive and if the
potential of the first counter electrode signal is =0.1 V with
respect to the reference potential of the counter electrode, the
rising voltage of the V-T curve of the pixel with respect to the
first counter electrode signal is lower by 0.1 V than that of the
V-T curve of'the pixel with respect to the reference potential
of the counter electrode. On the other hand, if the potential of
the second counter electrode signal is +0.1 V with respect to
the reference potential of the counter electrode, the rising
voltage of the V-T curve of the pixel with respect to the second
counter electrode signal is higher by 0.1 V than that of the V-T
curve ofthe pixel with respect to the reference potential ofthe
counter electrode. In this manner, if there multiple regions
with mutually different counter electrode potentials, then
those regions will have mutually different V-T curves, and
therefore, the whitening phenomenon can be reduced. Ontop
of that, since the difference in the voltage applied to the liquid
crystal layer corresponds to the difference in the potential of
the counter electrode signal, the whitening phenomenon can
be reduced efficiently as well.

[0080] It should be noted that although the potential at the
first linear counter electrode 1454 is different from the one at
the second linear counter electrode 1455, the average of the
respective potentials of the first and second linear counter
electrodes 145a and 1455 1s equal to the reference potential of
the counter electrode. That is why as can be seen from FIG. 4,
the average of the respective luminances of the subpixels SP1
and SP2 associated with the first and second linear counter
electrodes 1454 and 1455, of which the potentials have been
varied by +1V and -1 V with respect to the reference potential
at the counter electrode, is substantially equal to the lumi-
nance of the pixel with respect to the counter electrode with
the reference potential.

[0081] Optionally, the liquid crystal display device 100A
may be driven by line inversion driving method. In that case,
the write operation may be performed so that the pixel elec-
trodes 124 and the counter electrode 144 have the relationship
(high or low) of their potential levels inverted every row of
pixels. Specifically, if the potential at the pixel electrodes 124
is higher than the one at the counter electrode 144 when a
write operation is performed on an n row of pixels, then the
potential at the pixel electrodes 124 is lower than the one at
the counter electrode 144 when a write operation is per-
formed on the next (n+1)” row of pixels. In this manner, the
line inversion drive may be performed on a pixel-by-pixel
basis.
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[0082] Alternatively, the write operation may also be per-
formed so that the pixel electrodes 124 and the counter elec-
trode 144 have the relationship (high or low) of their potential
levels inverted in each and every one of the unit portions that
are adjacent to each other in the row direction. Specifically, if
the potential at the unit portion 1241 is higher than the one at
the linear counter electrode 145a when a write operation is
performed on a pixel electrode 124, then the potential at the
unit portion 124#2 is lower than the one at the linear counter
electrode 1455, In this manner, the line inversion drive may be
performed on a subpixel basis.

[0083] Also, this liquid crystal display device 100A per-
forms a frame inversion drive. That is to say, the write opera-
tion is carried out so that the pixel electrodes 124 and the
counter electrode 144 have the relationship (high or low) of
their potential levels inverted every frame. For example, if the
potential at the pixel electrodes 124 is higher than the one at
the counter electrode 144 when a write operation is per-
formed on the N frame, then the potential at the pixel elec-
trodes 124 is lower than the one at the counter electrode 144
when a write operation is performed on the (N+1)” frame.
[0084] Still alternatively, this liquid crystal display device
100A may even be driven by common inversion driving
method. Inthat case, the potential at the counter electrode 144
changes with respect to the ground potential every horizontal
scanning period. For example, if the potential on a source bus
line is higher than the reference potential at the counter elec-
trode in one horizontal scanning period for selecting one row
of pixels, then the source bus line potential is lower than the
reference potential at the counter electrode in the next hori-
zontal scanning period for selecting the next row of pixels.
Thus, the amplitude of the source bus line may be equal to or
smaller than that of the reference potential at the counter
electrode. For instance, both of the first and second counter
electrode signals may change so that their polarity is opposite
to that of the potential at a pixel electrode 124 being subjected
to writing with respect to the ground potential. By adopting
such common inversion driving, a line inversion drive can be
carried out so that the voltage applied to the liquid crystal
layer can be increased without increasing the variation in
source bus line potential with respect to the ground potential.
As a result, the power dissipation can be cut down.

[0085] For example, the potentials of the first and second
counter electrode signals VC1 and VC2 may change every
horizontal scanning period and the amplitude of the first
counter electrode signal VC1 may be greater than that of the
second counter electrode signal VC2 as shown in FIG. 5.
Since the amplitude of the source bus line is equal to or
smaller than that of the reference potential at the counter
electrode as described above, the subpixel SP1 associated
with the first counter electrode signal VC1 has a higher trans-
mittance than the subpixel SP2 associated with the second
counter electrode signal VC2.

[0086] Forexample, if the reference potential at the counter
electrode has an amplitude of 5.4V with respect to the ground
potential, then the potentials at the first and second linear
counter electrodes 145a and 1456 have amplitudes of 6.4 V
and 4.4V, respectively, with respect to the ground potential. It
should be noted that the feedthrough voltage is not taken into
account in this example. Optionally, the potentials at those
counter electrodes may also be controlled by adjusting the
respective centers of amplitude ofthe first and second counter
electrode signals.
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[0087] If a signal that makes every pixel display the color
white has been input, then the source bus line potential will
have an amplitude of 0.4 V. In that case, a voltage of 6 V will
be applied to a portion of the liquid crystal layer 160 between
the first linear counter electrode 145a and the unit portion
124u1 and a voltage of 4 V will be applied to another portion
of the liquid crystal layer 160 between the second linear
counter electrode 1455 and the unit portion 124u2. And the
subpixel SP1 will have a higher transmittance than the sub-
pixel SP2. If one of two given subpixels that has the higher
transmittance is referred to herein as a “bright subpixel” and
the other subpixel that has the lower transmittance as a “dark
subpixel”, then the subpixels SP1 and SP2 are a bright sub-
pixel and a dark subpixel, respectively. By reducing the
amplitude of the counter electrode signal, the power dissipa-
tion can be cut down, and therefore, this liquid crystal display
device 100A can be used particularly effectively in mobile
electronic devices.

[0088] Hereinafter, advantages of the liquid crystal display
device 100A of this preferred embodiment over a liquid crys-
tal display device as a comparative example will be described
with reference to FIG. 6, which is a graph showing how the
ratio of the oblique transmittance to the straight transmittance
changes. As used herein, the “straight transmittance” is
obtained by normalizing the transmittance to be measured
when the screen 1s viewed straight on, while the “oblique
transmittance” is obtained by normalizing the transmittance
to be measured when the screen is viewed obliquely at a
viewing angle of 60 degrees. Ideally, the oblique transmit-
tance should be proportional to the straight one as indicated
by the bold line in FIG. 6. In that case, the transmittance
measured in the oblique viewing direction will change in the
same way as the one measured in the straight viewing direc-
tion.

[0089] Theliquid crystal display device of this comparative
example has quite the same configuration as the liquid crystal
display device 100A of this preferred embodiment except that
the potential is constant anywhere on its counter electrode. As
can be seen from the graph shown in FIG. 6, when the liquid
crystal display device of this comparative example displays a
grayscale tone, its oblique transmittance is much higher than
its straight transmittance, and therefore, when viewed
obliquely, the screen will look far more whitish than when
viewed straight on. That is to say, in the liquid crystal display
device of this comparative example, the whitening phenom-
enon arises.

[0090] On the other hand, in the liquid crystal display
device 100A of this preferred embodiment, the first and sec-
ond linear counter electrodes 145a and 1455 have mutually
different potentials and the V-T characteristic of the subpixel
SP1 is different from that of the subpixel SP2. In that case, the
overall V-T characteristic of this liquid crystal display device
100A becomes the average of the two different V-T charac-
teristics of those subpixels SP1 and SP2. Consequently, the
transmittance to be measured in the oblique viewing direction
decreases at grayscale tones, and therefore, the whitening
phenomenon can be reduced significantly.

[0091] Itis preferred that the polymer sustained alignment
technology (which will be referred to herein as a “PSA tech-
nology”) be applied to this liquid crystal display device 100 A.
According to the PSA technology, a small amount of poly-
merizable compound (which may be a photopolymerizable
monomer, for example) is irradiated with an active energy
line (such an ultraviolet ray) with a voltage to a liquid crystal



US 2011/0193769 A1l

layer including that polymerizable compound, thereby pro-
ducing a polymer that is used to control the pretilt direction of
the liquid crystal molecules. With the PSA technology
adopted, the response speed can be increased. The PSA tech-
nology is disclosed in Japanese Patent Application Laid-
Open Publications Nos. 2002-357830 and 2003-149647,
which are hereby incorporated by reference.

[0092] With the PSA technology adopted, the liquid crystal
display device 100A includes an alignment sustaining layer
(not shown), which is arranged between each of the alignment
layers 126 and 146 and the liquid crystal layer 160 separately
from the alignment layers 126 and 146. Those alignment
sustaining layers keep the liquid crystal molecules 162
slightly tilted with respect to a normal to the principal surface
of the alignment layers 126 and 146, thus increasing the
response speed of the liquid crystal molecules. That tilt angle
may be 2 degrees, for example.

[0093] Hereinafter, it will be described with reference to
FIGS. 7 through 10 what advantages are achieved by the
alignment sustaining layer. Each of FIGS. 7(a), 8(a),9(a) and
10(a) is a schematic representation showing the optical trans-
mittances of two pixels in one unit portion. In each of FIGS.
7(a), 8(a), 9(a) and 10(a), the upper portion represents a pixel
that is located under the first linear counter electrode, while
the lower portion represents a pixel that is located under the
second linear counter electrode. FIGS. 7(b), 8(b), 9(b) and
10(b) are schematic cross-sectional views as viewed on the
planes 76-70, 86-85', 95-95' and 105-105' shown in FIGS.
7(a), 8(a), 9(a) and 10(a), respectively. FIGS. 7(b), 8(b), 9(b)
and 10(5) also show the alignment direction of the liquid
crystal molecules and the transmittance as well.

[0094] InFIG. 7, both of the first and second linear counter
electrodes have the same potential as the reference potential
of the counter electrode. In FIG. 7, the potentials at the first
and second linear counter electrodes are indicated as “0 V”
with respect to the reference potential of the counter elec-
trode. In addition, in FIG. 7, the potentials at the pixel elec-
trodes are indicated as “5 V”* with respect to the reference
potential of the counter electrode. That is to say, a voltage of
5V is applied to the liquid crystal layer 160.

[0095] In the same way, in FIG. 8, the potentials at the first
and second linear counter electrodes are indicated as “0 V>
and “+1V”, respectively, with respect to the reference poten-
tial of the counter electrode. In FIG. 9, the potentials at the
first and second linear counter electrodes are indicated as “0
V> and “~1 V>, respectively, with respect to the reference
potential of the counter electrode. Furthermore, in each of
FIGS. 8. 9 and 10, the potentials at the pixel electrodes are
indicated as “5 V™ with respect to the reference potential of
the counter electrode. It should be noted that although no
alignment sustaining layers are provided in FIGS. 7,8 and 9,
alignment sustaining layers are provided in FIG. 10.

[0096] As shown in FIG. 7, if the first and second linear
counter electrodes have an equal potential, stabilized align-
ments are realized. On the other hand, if the counter elec-
trodes have mutually different potentials and if two different
voltages are applied to two adjacent liquid crystal regions as
shown in FIG. 8, then the alignments of the liquid crystal
molecules are affected by that difference in applied voltage
and will lose their stability. Among other things, the liquid
crystal molecules 162 are subjected to such an anchoring
force that causes them to be aligned parallel to equipotential
curves. As a result, some of the liquid crystal molecules 162
in a region of the liquid crystal layer 160 to which a relatively
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high voltage is applied will be aligned so as to face toward a
region with a relatively low applied voltage. Consequently,
the liquid crystal molecules 162 in the latter region of the
liquid crystal layer 160 with the higher applied voltage will
have their alignment disturbed much more significantly than
the liquid crystal molecules 162 in the former region with the
lower applied voltage.

[0097] In the same way, if the counter electrodes have
mutually different potentials and if two different voltages are
applied to two adjacent liquid crystal regions as shown in
FIG. 9, then the alignments of the liquid crystal molecules are
affected by that difference in applied voltage and will lose
their stability. Among other things, some of the liquid crystal
molecules 162 in a region of the liquid crystal layer 160 to
which a relatively high voltage is applied will be aligned so as
to face toward a region with a relatively low applied voltage.
Consequently, the liquid crystal molecules 162 in the latter
region of the liquid crystal layer 160 with the higher applied
voltage will have their alignment disturbed much more sig-
nificantly than the liquid crystal molecules 162 in the former
region with the lower applied voltage. However, if alignment
sustaining layers are provided as shown in FIG. 10 by adopt-
ing the PSA technology, the alignments of the liquid crystal
molecules 162 (particularly those located around the center of
the unit portion 124u) are stabilized and the disturbance in
alignment can be minimized, even though the counter elec-
trodes have multiple different potentials.

[0098] This liquid crystal display device 100A may be fab-
ricated by performing the following process, for example.
First of all, gate bus lines, CS bus lines, and source bus lines
(none of which are shown) are formed on an insulating sub-
strate 122. After that, a conductive material is deposited
thereon and patterned, thereby forming pixel electrodes 124.
The fishbone structure of the pixel electrodes 124 can be
defined by patterning. Thereafter, an alignment layer 126 is
deposited over the pixel electrodes 124. In this manner, an
active-matrix substrate 120 is obtained.

[0099] Next, a color filter layer (not shown) is formed on
another insulating substrate 142. After that, a conductive
material is deposited thereon and patterned, thereby forming
acounter electrode 144. In this process step, the linear counter
electrodes of the counter electrode 144 may be formed by
patterning. Thereafter, another alignment layer 146 is depos-
ited over the counter electrode 144. In this manner, a counter
substrate 140 is obtained. And then a liquid crystal layer 160
is formed between the active-matrix substrate 120 and the
counter substrate 140.

[0100] Ifthe PSA technology is adopted, a polymerizable
compound is added to the liquid crystal material that makes
the liquid crystal layer 160. That polymerizable compound in
the liquid crystal layer 160 is polymerized by being irradiated
with light with a voltage applied between the pixel electrodes
124 and the counter electrode 144. Specifically, with a voltage
of 10V always applied to the gate bus line, a voltage with a
predetermined rectangular wave is applied to a source bus
line. The potential of the rectangular wave applied to the
source bus line is normally applied to conduct a white display
operation but could be varied according to the pretilt direction
of the liquid crystal molecules 162. Strictly speaking, the
pretilt direction of the liquid crystal molecules 162 changes
with the lamp illuminance, wavelength and duration to adopt
in the polymerization process, the alignment layer material to
use (which is typically polyimide), the liquid crystal material,
and other factors. With a DC voltage of 10 V constantly
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applied to the gate bus line, an AC voltage of 10V is applied
to the source bus line at a frequency of 60 Hz. By producing
polymerization in this manner, two alignment sustaining lay-
ers are formed between the active-matrix substrate 120 and
the liquid crystal layer 160 and between the counter substrate
140 and the liquid crystal layer 160. With those alignment
sustaining layers provided, even if two adjacent linear counter
electrodes 145 have mutually different potentials, the align-
ments of the liquid crystal molecules 162 can still be stabi-
lized.

[0101] In the foregoing description of the first preferred
embodiment of the present invention, the amplitude of the
first counter electrode signal is supposed to be greater than
that of the second counter electrode signal, and the absolute
value of the voltage of the first counter electrode signal is
supposed to be greater than that of the voltage of the second
counter electrode signal. However, this is just an example and
the present invention is in no way limited to that specific
preferred embodiment. Alternatively, the amplitude of the
first counter electrode signal may be equal to that of the
second counter electrode signal and the first and second
counter electrode signals may have the relationship (high or
low) of their the absolute values of the voltages inverted every
horizontal scanning period.

[0102] Also, in the foregoing description, each of the first
and second linear counter electrodes 1454 and 1455 is sup-
posed to run horizontally from one side of the frame area
1408 to the other across the display area 140D as shown in
FIG. 5. However, the present invention is in no way limited to
that specific preferred embodiment. Alternatively, both of the
first and second linear counter electrodes 145a and 1455 may
run from both sides of the frame area 1408 across the display
area 140D.

Embodiment 2

[0103] Hereinafter, another preferred embodiment of a lig-
uid crystal display device according to the present invention
will be described with reference to FIG. 11. A liquid crystal
display device 100B as a second preferred embodiment of the
present invention has the same configuration as its counter-
part of the first preferred embodiment that has already been
described with reference to FIGS. 1 and 2 except that this
liquid crystal display device 100B operates in the CPA mode.
Thus, description of their common features will be omitted
herein to avoid redundancies.

[0104] FIGS. 11(a) and 11(5) are respectively a schematic
plan view and a schematic cross-sectional view illustrating
the liquid crystal display device 100B. FIG. 11(5) illustrates
across section as viewed on the plane 115-115' shown in FIG.
11(a). It should be noted that the alignment layers are not
illustrated in FIG. 11(5).

[0105] Inthe liquid crystal display device 100B, each pixel
electrode 124 includes two unit portions 124u1 and 124u2
and a linking portion 124#1 that connects the unit portions
124u1 and 12442 together. In this preferred embodiment, the
potential at the unit portion 124u1 is equal to the one at the
unit portion 124#2. The unit portions 1241 and 124u2 have
a highly symmetric shape (e.g., rectangular in this example).
The unit portions 124u1 and 12412 have measurements of
59x58 um, the linking portion has a width of 10 um, and the
gap between two adjacent unit portions is 8 pm.

[0106] In the liquid crystal display device 100B of this
preferred embodiment, the counter electrode 144 also has
multiple divided linear counter electrodes 145, and a slit 145s
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has been cut between two adjacent linear counter electrodes
145. The slit has a width of 5 um. In addition, circular open-
ings 1407 have also been cut through the surface of the
counter substrate 140 so as to contact with the liquid crystal
layer 160 right over or under the respective centers of the unit
portions 1241 and 124u2.

[0107] In this example, the two linear counter electrodes
145 that are respectively arranged over the unit portions
12411 and 12442 of one pixel electrode 124 will be identified
herein by the reference numerals 145a and 1455, respectively.
The first and second linear counter electrodes 1454 and 1456
are electrically independent of each other and supplied with
mutually different counter electrode signals. A first counter
electrode signal and a second counter electrode signal, which
has a different potential from the first counter electrode sig-
nal, are applied to the first and second linear counter elec-
trodes 145a and 145, respectively. When a voltage is applied
to the liquid crystal layer 160, an oblique electric field is
generated due to the respective shapes of the openings 1407
and the unit portions 124u1 and 124u2. As a result, the liquid
crystal molecules 162 in the liquid crystal layer 160 are radi-
ally aligned around the axis that is defined by the center of the
unit portions 124u.

[0108] As in the liquid crystal display device 100A, by
making the counter electrode signals have mutually different
potentials, each pair of pixels can also have different trans-
mittances and the whitening phenomenon can also be reduced
significantly in this liquid crystal display device 100B, too.
Likewise, the PSA technology described above is also appli-
cable to this liquid crystal display device 100B as well as in
the liquid crystal display device 100A described above. In
that case, the response speed can be increased and the align-
ments of the liquid crystal molecules 162 can also be stabi-
lized.

[0109] This liquid crystal display device 100B may be fab-
ricated by performing the following process, for example.
First of all, gate bus lines, CS bus lines, and source bus lines
are formed on an insulating substrate 122. After that, a con-
ductive material is deposited thereon and patterned, thereby
forming pixel electrodes 124. In this manner, an active-matrix
substrate 120 is obtained.

[0110] Next, a color filter layer is formed on another insu-
lating substrate 142. After that, a conductive material is
deposited thereon and patterned, thereby forming a counter
electrode 144. In this process step, openings 1407 are also cut.
In this manner, a counter substrate 140 is obtained. And then
the active-matrix substrate 120 and the counter substrate 140
are bonded together, and a liquid crystal layer 160 is formed
between them.

[0111] Ifthe PSA technology is adopted, a polymerizable
compound is added to the liquid crystal material that makes
the liquid crystal layer 160. That polymerizable compound in
the liquid crystal layer 160 is polymerized by being irradiated
with light with a voltage applied between the pixel electrodes
124 and the counter electrode 144. Specifically, with a voltage
of 10V always applied to the gate bus line, a voltage with a
predetermined rectangular wave is applied to a source bus
line. The potential of the rectangular wave applied to the
source bus line is normally applied to conduct a white display
operation but could be varied according to the pretilt direction
of the liquid crystal molecules 162. Strictly speaking, the
pretilt direction of the liquid crystal molecules 162 changes
with the lamp illuminance, wavelength and duration to adopt
in the polymerization process, the alignment layer material to
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use (which is typically polyimide), the liquid crystal material,
and other factors. With a DC voltage of 10 V constantly
applied to the gate bus line, an AC voltage of 10V is applied
to the source bus line at a frequency of 60 Hz. By producing
polymerization in this manner, two alignment sustaining lay-
ers are formed between the active-matrix substrate 120 and
the liquid crystal layer 160 and between the counter substrate
140 and the liquid crystal layer 160.

[0112] In the preferred embodiment described above, the
unit portions 124w are supposed to be rectangular. However,
the present invention is in no way limited to that specific
preferred embodiment. Alternatively, the unit portions 124u
may also have a substantially circular shape, a substantially
elliptical shape, a substantially square or rectangular shape,
or a substantially rectangular shape with rounded corners.
[0113] Also, in the preferred embodiment described above,
openings 140~ are cut through the counter substrate 140 so as
to contact with the liquid crystal layer 160 right over or under
the unit portions 124ul and 124u2 of each pixel electrode
124. However, the present invention is in no way limited to
that specific preferred embodiment. Alternatively, rivets may
also be arranged on the counter substrate 140 so as to contact
with the liquid crystal layer 160 right over or under the respec-
tive centers of the unit portions 124x1 and 12442 of each pixel
electrode 124.

Embodiment 3

[0114] Inthe liquid crystal display devices 100A and 100B
described above, the divided counter electrodes 145 are sup-
posed to run straight in the row direction. However, the
present invention is in no way limited to those specific pre-
ferred embodiments. Optionally, each of those divided
counter electrodes 145 may have a portion that is extended
obliquely with respect to the row direction.

[0115] Hereinafter, a third preferred embodiment of a lig-
uid crystal display device according to the present invention
will be described with reference to FIG. 12. The liquid crystal
display device 100C of this preferred embodiment has the
same configuration as the liquid crystal display devices 100A
and 100B described above except that the divided counter
electrodes 145 of this liquid crystal display device 100C have
a different shape from theirs. And description of their com-
mon features will be omitted herein to avoid redundancies. In
FIG. 12, illustrated is only a portion of the counter electrode
144 that faces a matrix of pixels that are arranged in two rows
and four columns.

[0116] In this liquid crystal display device 100C, each
divided counter electrode 145 has portions that are extended
obliquely with respect to the row direction, and runs zigzag in
the row direction. Such a counter electrode 144 may be
formed by patterning a conductive layer. In the following
description, such a divided counter electrode that runs zigzag
will sometimes be referred to herein as a “zigzag counter
electrode”. In each zigzag counter electrode 145, if one por-
tion thereof is arranged at a column over its associated unit
portion 124# on one of two adjacent rows of the unit portions
124y that are arranged in matrix, another portion thereof will
be arranged at the next column over its associated unit portion
124u on the other one of the two adjacent rows. And each
portion of the zigzag counter electrode 145 that is laid over its
associated unit portion 124« changes its rows one row to the
other every column. Each of such portions has the same
rectangular shape and almost the same measurements as its
associated unit portion 124u. In the following description,
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such a portion will sometimes be referred to herein as a
“counter electrode portion 145x”. Those counter electrode
portions 145u are arranged in a matrix pattern and two
counter electrode portions 145« face each single pixel elec-
trode 124.

[0117] In this liquid crystal display device 100C, each
counter electrode portion 145« of the counter electrode 144 is
provided for one of two unit portions 124u of its associated
pixel electrode 124. However, the counter electrode portion
145u 1s electrically connected to neither a counter electrode
portion 145u that is adjacent to itself in the column direction
nor a counter electrode portion 145u that is adjacent to itself
in the row direction, but is electrically connected to a counter
electrode portion 145u that is diagonally adjacent to itself
with a connecting portion 145¢. That is why if at one column,
the zigzag counter electrode 145 has a counter electrode
portion 145 on one of two adjacent rows of the counter
electrode portions 1454 that are arranged in matrix, the zigzag
counter electrode 145 will have a counter electrode portion
145u on the other one of the two rows at the next column. The
connecting portion 145¢ is a linear one to connect together
two diagonally adjacent counter electrode portions 1454 in
the shortest distance and may have a width of 5 pm, for
example. Likewise, the gap between one connecting portion
145¢ and two counter electrode portions 145« that do not
contact with that connecting portion 145¢ is also 5 pm. In the
following description, zigzag counter electrodes 145 that are
respectively arranged over the unit portions 124u1 and 12422
ofapixel electrode 124 located at the intersection between the
n” row and the m” column will sometimes be identified
herein by the reference numerals 145a and 1455, respectively.
The zigzag counter electrode 1454 is adjacent to the zigzag
counter electrode 1454.

[0118] Look at any counter electrode portion 1454 on the
m™ column, and you can see that that counter electrode por-
tion 145u is electrically connected to two counter electrode
portions 1454 that are diagonally adjacent to it in the -y
direction (i.e., downward in the column direction) among the
four diagonally adjacent counter electrode portions 1454 in
the column direction. Meanwhile, look at any counter elec-
trode portion 145u on the (m+1)” column, and you can see
that that counter electrode portion 145 is electrically con-
nected to two counter electrode portions 145« that are diago-
nally adjacent to it in the +y direction (i.e., upward in the
column direction) among the four diagonally adjacent
counter electrode portions 145« in the column direction.
[0119] Now let us look at the divided counter electrodes
145 of the counter electrode 144 in the liquid crystal display
devices 100A and 100B shown in FIGS. 2 and 11 from a
different angle. Even in those liquid crystal display devices
100A and 100B, each divided counter electrode 145 could be
regarded as having a number of counter electrode portions
that are provided for the unit portions of the pixel electrodes
124. And each pair of counter electrode portions that are
adjacent to each other in the row direction could be regarded
as being electrically connected together with a connecting
portion that is as wide as those counter electrode portions.
[0120] Hereinafter, the liquid crystal display device 1000
ofthis preferred embodiment will be described in comparison
with the liquid crystal display devices 100A and 100B shown
in FIGS. 2 and 11.

[0121] First ofall, consider their counter electrode portions
145u. In any of the liquid crystal display devices 100A, 100E
and 1000, any two counter electrode portions 145u that are
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adjacent to each other in the column direction are separated
from each other. In the liquid crystal display devices 100A
and 100B, each counter electrode portion is electrically con-
nected to two counter electrode portions that are adjacent to
itself in the row direction. On the other hand, in the liquid
crystal display device 100C, each counter electrode portion
145u is electrically connected to two diagonally adjacent
counter electrode portions 1454. And in any of the liquid
crystal display devices 100A, 100B and 100C, their counter
electrode portions 145« that are arranged in matrix are elec-
trically connected together from one end through the other
end of the matrix in the row direction by passing through any
number of columns and each of the divided counter electrodes
145 of the counter electrode 144 runs in the row direction.

[0122] Next, consider adjacent divided counter electrodes
145. In the liquid crystal display devices 100A and 100B, any
two adjacent linear counter electrodes 1454 and 1450 are
superimposed over all unit portions 124u of the pixel elec-
trodes 124 on one particular row. On the other hand, in the
liquid crystal display device 100C, all of the unit portions
124u, arranged under the zigzag counter electrode 145a,
belong to the pixel electrodes 124 on one particular row. But
the unit portions 124u, arranged under the zigzag counter
electrode 1455, belong to not only the pixel electrodes 124 on
that particular row but also the pixel electrodes 124 on another
row that is adjacent to that particular row.

[0123] Next, consider the unit portions 124u belonging to
the pixel electrodes 124 on one row. In the liquid crystal
display devices 100A and 100B, all of the unit portions 124u
belonging to the pixel electrodes 124 on one row are arranged
under their associated two linear counter electrodes 145, In
the liquid crystal display device 100C, on the other hand, all
of the unit portions 124u belonging to the pixel electrodes 124
on one row are arranged under their associated three zigzag
counter electrodes 145.

[0124] Furthermore, in the liquid crystal display devices
100A and 100B, if bright and dark subpixels are defined
alternately with respect to each linear divided counter elec-
trode 145a, 1455, then those bright subpixels will be arranged
in line in the column direction, so will the dark subpixels. That
is why even if every pixel displayed the same grayscale, a
striped bright and dark pattern could be sensed and the display
quality could decline. In the liquid crystal display device
100C, on the other hand, each divided counter electrode 145
has a zigzag shape, two different counter electrode signals are
supplied to any two counter electrode portions 145« that are
adjacent to each other in the row or column direction, but
equivalent counter electrode signals are supplied to any two
counter electrode portions 145« that are diagonally adjacent
to each other. As a result, the dot inversion can get done easily
on a subpixel basis and the decline in display quality can be
minimized.

[0125] As described above, each counter electrode portion
145u of the counter electrode 144 is provided for the unit
portion 124w of its associated pixel electrodes 124. That is
why if the liquid crystal display device 100C operates in the
CPA mode, an oblique electric field will be generated from
the edges of each counter electrode portion 145u. For that
reason, the center of each counter electrode portion 145u is
ideally aligned with that of its associated unit portion 124u
and the measurements of each counter electrode portion 1451
are preferably greater than those ofits associated unit portion
124u. However, even if the measurements of each counter
electrode portion 145« are substantially equal to those of its
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associated unit portion 124, the alignments will lose stability
only around the edges of the subpixel and the center portion of
the subpixel, which would determine the transmittance, will
be hardly affected.

[0126] Suppose every pixel of the liquid crystal display
device 100C displays white, the unit portion 124u of every
pixel electrode 124 has a potential of 0.4 V, the first counter
electrode signal has a potential of 6.4 V, and the second
counter electrode signal has a potential of 4.4 V. In that case,
avoltage of 6V will be applied to the liquid crystal layer 160
of a subpixel SP1, which is defined by one unit portion 124u
of each pixel electrode 124 and its associated counter elec-
trode portion 145« to which the first counter electrode signal
is applied. A voltage of4 V will be applied to the liquid crystal
layer 160 of a subpixel SP2, which is defined by the other unit
portion 124w of that pixel electrode 124 and its associated
counter electrode portion 145u to which the second counter
electrode signal is applied. And the subpixels SP1 and SP2
turn into a bright subpixel and a dark subpixel, respectively. In
this manner, the subpixel defined by the superimposition of
the zigzag counter electrode 145a over one unit portion 124u
of each pixel electrode 124 becomes a bright subpixel, while
the subpixel defined by the superimposition of the zigzag
counter electrode 1456 over the other unit portion 124w of that
pixel electrode 124 becomes a dark subpixel.

[0127] In the preferred embodiment described above, each
connecting portion 145¢ is supposed to be a linear one in
order to connect two diagonally adjacent counter electrode
portions 145 together. However, the present invention is in
no way limited to that specific preferred embodiment. Alter-
natively, each connecting portion 145¢ may also have mul-
tiple linear portions that run in the row direction and in the
column direction as shown in FIG. 13.

Embodiment 4

[0128] Inthe liquid crystal display devices 100A and 100B
described above, a portion of the counter electrode 144 that is
provided for one row of pixel electrodes 124 is split into two
linear counter electrodes 145a and 145b. However, this is
only an example of the present invention. If necessary, each
portion of the counter electrode 144 provided for one row of
pixel electrodes 124 may be divided into three or more linear
counter electrodes.

[0129] Hereinafter, a fourth preferred embodiment of a lig-
uid crystal display device according to the present invention
will be described with reference to FIG. 14. The liquid crystal
display device 100D of this preferred embodiment has the
same configuration as the liquid crystal display device 100A
except the structure of the counter electrode 144 and the
voltages applied, and description of their common features
will be omitted herein to avoid redundancies.

[0130] In the liquid crystal display device 100D of this
preferred embodiment, each pixel electrode 124 includes
three unit portions 1241, 12442 and 1243, and two linking
portions 1241 and 12472 that connect those unit portions
124u1, 12442 and 12443 together. Also, a portion of the
counter electrode 144 provided for one row of pixel elec-
trodes 124 is divided into three or more linear counter elec-
trodes 145. Any two adjacent linear counter electrodes 145
are electrically independent of each other, and mutually dif-
ferent counter electrode signals are applied to those counter
electrodes. Each linear counter electrode 145 has a width of
45 um and each slit 145s has a width of 5 um.
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[0131] In the following description, a pixel electrode 124
on an odd-numbered row will be identified herein by the
reference numeral 1240 and a pixel electrode 124 on an
even-numbered row will be identified herein by the reference
numeral 124e. Likewise, pixels on an odd-numbered row that
are defined by the pixel electrodes 1240 will be identified
herein by Po and pixels on an even-numbered row that are
defined by the pixel electrodes 124e will be identified herein
by Pe.

[0132] Also, linear counter electrodes 145 that are respec-
tively arranged over the unit portions 124u1, 124u2 and
124u3 of each pixel electrode 1240 will be identified herein
by the reference numerals 1454, 1455 and 145¢, respectively.
On the other hand, linear counter electrodes 145 that are
respectively arranged over the unit portions 1241, 12442 and
124u3 of each pixel electrode 124e will be identified herein
by the reference numerals 1454, 145¢ and 145, respectively.
Each pixel P includes three subpixels SP1, SP2 and SP3.
Those subpixels SP1, SP2 and SP3 of each pixel Po are
defined by respective superimpositions of the linear counter
electrodes 145a to 145¢ over the unit portions 1241 through
124u3 of their associated pixel electrode 1240. On the other
hand, those subpixels SP1, SP2 and SP3 of each pixel Pe are
defined by respective superimpositions of the linear counter
electrodes 1454 to 145/ over the unit portions 1241 through
124u3 of their associated pixel electrode 124e. In this manner,
in the liquid crystal display device 100D, the unit portions
124u1 through 12443 of the pixel electrode 1240 and the unit
portions 12441 through 12443 of the pixel electrode 124e
function as respective subpixel electrodes.

[0133] The counter electrode signals supplied to the linear
counter electrodes 145a, 145¢, 1454 and 145/ are equivalent
to each other, while the counter electrode signals supplied to
the linear counter electrodes 1456 and 145¢ are also equiva-
lent to each other. In the following description, the former
group of counter electrode signals supplied to the linear
counter electrodes 145a, 145¢, 1454 and 145f'will be collec-
tively referred to herein as a “first counter electrode signal”,
and the latter group of counter electrode signals supplied to
the linear counter electrodes 1455 and 145¢ will be collec-
tively referred to herein as a “second counter electrode sig-
nal”.

[0134] Among the subpixels SP1 through SP3 of the pixels
Po and Pe, the subpixels SP1 and SP3 of the pixel Po and the
subpixels SP1 and SP3 of the pixel Pe are associated with the
first counter electrode signal, while the respective subpixels
SP2 of the pixels Po and Pe are associated with the second
counter electrode signal. That is to say, the area ratio of those
subpixels associated with the first counter electrode signal to
those subpixels associated with the second counter electrode
signal is two to one.

[0135] It should be noted that the magnitudes of variations
in respective potentials of the first and second counter elec-
trode signals with respect to the reference potential of the
counter electrode are different from each other. The area ratio
of the subpixels associated with the first counter electrode
signal to the subpixels associated with the second counter
electrode signal is two to one as described above. That is why
if the potential of the first counter electrode signal has varied
by +0.5V with respect to the reference potential of the counter
electrode, that of the second counter electrode signal may
have varied by -1 V with respect to the reference potential of
the counter electrode. As can be seen from the foregoing
description with reference to FIG. 4, the average of the
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respective transmittances of the pixels Po and Pe associated
with the first and second counter electrode signals, of which
the potentials have been varied by +0.5V and -1V, respec-
tively, with respect to the reference potential of the counter
electrode, is substantially equal to the transmittance of a pixel
associated with the reference potential of the counter elec-
trode.

[0136] Now, let us compare the subpixel SP1 associated
with the first counter electrode signal to the subpixel SP2
associated with the second counter electrode signal. The
amplitude of the voltage on the source bus line is equal to or
smaller than that of the reference potential at the counter
electrode. And the absolute value of the potential of the first
counter electrode signal is greater than that of the potential of
the second counter electrode signal. That is why even if the
pixel electrode 124 has the same potential, the voltage applied
to the liquid crystal layer of the subpixel SP1 is smaller than
the one applied to the liquid crystal layer of the subpixel SP2
associated with the second counter electrode signal, and the
subpixel SP1 has a lower transmittance than the subpixel SP2.
If a subpixel with the higher transmittance and a subpixel with
the lower transmittance are referred to herein as a “bright
subpixel” and a “dark subpixel”, then the subpixels SP1 and
SP2 are a dark subpixel and a bright subpixel, respectively.
The area ratio of the subpixels associated with the first
counter electrode signal to those associated with the second
counter electrode signal is two to one, and therefore, the area
ratio of the bright subpixels to the dark subpixels is one to
two. Ifthe total area of the dark subpixels is larger than that of
the bright subpixels in this manner, the viewing angle char-
acteristic can be improved at low to intermediate grayscales.
[0137] Hereinafter, it will be described with reference to
FIG. 15 how the viewing angle characteristic changes as the
potential at the counter electrode varies. In FIG. 15, the
abscissa represents the straight transmittance and the ordinate
represents the oblique transmittance. That is to say, FIG. 15
shows the viewing angle characteristic. For your reference,
FIG. 15 also shows the viewing angle characteristics of a
liquid crystal display device representing a comparative
example and the liquid crystal display device 100A.

[0138] Theliquid crystal display device 100D, in which the
total area of the bright subpixels is different from that of the
dark subpixels, exhibits a different viewing angle character-
istic from the liquid crystal display device 100A. As can be
seen from FIG. 15, the viewing angle characteristic of this
liquid crystal display device 100D has improved compared to
not only the liquid crystal display device as a comparative
example but also the liquid crystal display device 100A as
well. Also, the combined area of the dark subpixels is greater
than that of the bright subpixels. And the viewing angle char-
acteristic can be improved particularly significantly when the
straight transmittance is around 0.4.

[0139] In the preferred embodiment described above, the
respective subpixels SP1 and SP3 of the pixels Po and Pe that
are associated with the first counter electrode signal are sup-
posed to be bright subpixels, while the respective subpixels
SP2 ofthe pixels Po and Pe that are associated with the second
counter electrode signal are supposed to be dark subpixels.
However, the present invention is in no way limited to that
specific preferred embodiment. Conversely, those subpixels
associated with the first counter electrode signal may be dark
subpixels and those subpixels associated with the second
counter electrode signal may be bright subpixels. In that case,
the area ratio of the bright subpixels to the dark subpixels



US 2011/0193769 A1l

becomes two to one. If the total area of the dark subpixels is
smaller than that of the bright subpixels in this manner, the
viewing angle characteristic can be improved at intermediate
to high grayscales, and can be improved particularly signifi-
cantly when the straight transmittance is around 0.6.

[0140] Alternatively, the brightness of the subpixels may
also be inverted on a frame-by-frame basis. For example, if
subpixels associated with the first and second counter elec-
trode signals in an N* frame are a bright subpixel and a dark
subpixel, then subpixels associated with the first and second
counter electrode signals in the next (N+1)” frame may be a
dark subpixel and a bright subpixel, respectively.

[0141] Furthermore, in the foregoing description of this
fourth preferred embodiment, the linear counter electrode
145¢ that is arranged over the unit portion 12443 of each pixel
electrode 1240 is supposed to be separated from the linear
counter electrode 1454 that is arranged over the unit portion
124ul of each pixel electrode 124e. However, the present
invention is in no way limited to that specific preferred
embodiment. Alternatively, those linear counter electrodes
145¢ and 1454 that are laid over the respective unit portions
12443 and 124u1 of the pixel electrodes 1240 and 124e may
be continuous with each other and may form integral parts of
the same counter electrode.

Embodiment 5

[0142] In the liquid crystal display device 100D described
above, each pixel electrode 124 is supposed to have fishbone
structure. However, this is just an example of the present
invention. Hereinafter, yet another preferred embodiment of a
liquid crystal display device according to the present inven-
tion will be described with reference to FIG. 16, which is a
schematic plan view of a liquid crystal display device 100F as
a fifth preferred embodiment of the present invention. The
liquid crystal display device 100E of this preferred embodi-
ment has the same configuration as its counterpart of the
fourth preferred embodiment except that this liquid crystal
display device 100E operates in the CPA mode. Thus,
description of their common features will be omitted herein to
avoid redundancies.

[0143] Each pixel electrode 124 includes three unit por-
tions 124u1, 124u2 and 124u3 and two linking portions
12471 and 12472 that connect the unit portions 124u1, 124u2
and 12443 together. The unit portions 124u1, 124u2 and
124u3 have a highly symmetric shape (e.g., rectangularin this
example). These pixels may have measurements of 66
pumx198 pum, for example. And each display area unit, con-
sisting of R, G and B pixels that are arranged side by side in
the row direction, has an aspect ratio of almost one to one.
[0144] In the liquid crystal display device 100E of this
preferred embodiment, the counter electrode 144 has a num-
ber of divided linear counter electrodes 145. Specifically,
three or more divided linear counter electrodes 145 are pro-
vided for each pixel electrode 124. A slit 1455 has been cut
between two adjacent linear counter electrodes 145. The slit
has a width of 5 pm. Any two adjacent linear counter elec-
trodes 145 are electrically independent of each other and two
different counter electrode signals are applied to them. In
addition, circular openings 1407 have also been cut through
the surface of the counter substrate 140 so as to contact with
the liquid crystal layer 160 right over or under the respective
centers of the unit portions 124u1, 12442 and 124u3 of the
pixel electrode 124.
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[0145] In this example, the three linear counter electrodes
145 that are respectively arranged over the unit portions
124u1, 1242 and 124u3 of one pixel electrode 1240 will be
identified herein by the reference numerals 1454, 1455 and
145¢, respectively. On the other hand, the three linear counter
electrodes 145 that are respectively arranged over the unit
portions 1241, 12442 and 12443 of one pixel electrode 124e
will be identified herein by the reference numerals 1454, 145¢
and 145/, respectively. Each pixel P has three subpixels SP1,
SP2 and SP3. Specifically, the subpixels SP1, SP2 and SP3 of
the pixel Po are defined by the superimpositions of the linear
counter electrodes 145, 1455 and 145¢ over their associated
unit portions 124u1, 12442 and 124u3 of the pixel electrode
1240. On the other hand, the subpixels SP1, SP2 and SP3 of
the pixel Pe are defined by the superimpositions of the linear
counter electrodes 1454, 145¢ and 145/ over their associated
unit portions 124u1, 12442 and 124u3 of the pixel electrode
124e.

[0146] A first counter electrode signal is applied to the
linear counter electrodes 145a, 145¢, 1454 and 145f, while a
second counter electrode signal, which is different from the
first counter electrode signal, is applied to the linear counter
electrodes 1456 and 145e. In this case, the V-T characteristic
of the respective subpixels SP1 and SP3 of the pixels Po and
Pe that are associated with the first counter electrode signal is
different from that of the respective subpixels SP2 of the
pixels Po and Pe that are associated with the second counter
electrode signal. As a result, the V-T characteristic of the
overall pixel P becomes the average of the V-T characteristics
of these subpixels SP1 to SP3. Thus, in this liquid crystal
display device 100E, as the counter electrode signals have
mutually different potentials, the subpixels have different
transmittances, and therefore, the whitening phenomenon can
be reduced.

Embodiment 6

[0147] Inthe liquid crystal display devices 100D and 100E
described above, the ratio of the combined area of subpixels
associated with the first counter electrode signal to the area of
asubpixel associated with the second counter electrode signal
is the same in two pixels on two adjacent rows. However, the
present invention is in no way limited to that specific pre-
ferred embodiment. Alternatively, the ratio of the area of the
subpixels associated with the first counter electrode signal to
that of the subpixels associated with the second counter elec-
trode signal in one of two pixels on two adjacent rows may be
different from the area ratio in the other pixel on the other row.
[0148] Hereinafter, a seventh preferred embodiment of a
liquid crystal display device according to the present inven-
tion will be described with reference to FIG. 17. In the liquid
crystal display device 100F of this preferred embodiment, the
counter electrode 144 includes multiple divided linear
counter electrodes 145 and three or more divided linear
counter electrodes 145 are provided for one row of pixel
electrodes 124. Any two adjacent linear counter electrodes
145 are electrically independent of each other, and mutually
different counter electrode signals are applied to those
counter electrodes. Each linear counter electrode 145 has a
width of 45 pm and each slit 1455 has a width of 5 pm.

[0149] In this example, the three linear counter electrodes
145 that are respectively arranged over the unit portions
124u1, 1242 and 124u3 of one pixel electrode 1240 will be
identified herein by the reference numerals 1454, 1455 and
145c¢, respectively. On the other hand, the three linear counter
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electrodes 145 that are respectively arranged over the unit
portions 124u1, 12442 and 124u3 of one pixel electrode 124e
will be identified herein by the reference numerals 1454, 145¢
and 145f; respectively. Each pixel P has three subpixels SP1,
SP2 and SP3. Specifically, the subpixels SP1, SP2 and SP3 of
the pixel Po are defined by the superimpositions of the linear
counter electrodes 145a, 1455 and 145¢ over their associated
unit portions 124u1, 124u2 and 124u3 of the pixel electrode
1240. On the other hand, the subpixels SP1, SP2 and SP3 of
the pixel Pe are defined by the superimpositions of the linear
counter electrodes 1454, 145¢ and 145/ over their associated
unit portions 1241, 1242 and 124u3 of the pixel electrode
124e.

[0150] The counter electrode signals supplied to the linear
counter electrodes 1454, 145¢ and 145¢ are equivalent to each
other, while the counter electrode signals supplied to the
linear counter electrodes 1455, 1454 and 145fare also equiva-
lent to each other. In the following description, the former
group of counter electrode signals supplied to the linear
counter electrodes 145a, 145¢ and 145¢ will be collectively
referred to herein as a “first counter electrode signal”, and the
latter group of counter electrode signals supplied to the linear
counter electrodes 145b, 1454 and 145/ will be collectively
referred to herein as a “second counter electrode signal”.
[0151] Among the subpixels SP1 through SP3 of the pixels
Po and Pe, the subpixels SP1 and SP3 of the pixel Po and the
subpixel SP2 of the pixel Pe are associated with the first
counter electrode signal, while the subpixel SP2 of the pixel
Po and the subpixels SP1 and SP3 of the pixel Pe are associ-
ated with the second counter electrode signal. That is to say,
the area ratio of those subpixels associated with the first
counter electrode signal to those subpixels associated with
the second counter electrode signal is one to one on the entire
screen.

[0152] Now, letus compare the subpixel SP1 of the pixel Po
associated with the first counter electrode signal to the sub-
pixel SP2 of the pixel Po associated with the second counter
electrode signal. The amplitude of the voltage on the source
bus line is equal to or smaller than that of the reference
potential at the counter electrode. And the absolute value of
the potential of the first counter electrode signal is greater
than that of the potential of the second counter electrode
signal. That is why the voltage applied to the liquid crystal
layer of the subpixel SP1 associated with the first counter
electrode signal is greater than the one applied to the liquid
crystal layer of the subpixel SP2 associated with the second
counter electrode signal. And even if the pixel electrode 124
has the same potential, the subpixel SP1 of the pixel Po has a
higher transmittance than the subpixel SP2 of the pixel Po.
Thus, the subpixels SP1 and SP2 of the pixel Po are a bright
subpixel and a dark subpixel, respectively.

[0153] Hereinafter, it will be described with reference to
FIG. 18 how the viewing angle characteristic changes as the
potential at the counter electrode varies. In FIG. 18, the
abscissa represents the straight transmittance and the ordinate
represents the oblique transmittance. That is to say, F1G. 18
shows the viewing angle characteristic. For your reference,
FIG. 18 also shows the viewing angle characteristic of aliquid
crystal display device representing a comparative example
and those of the liquid crystal display devices 100A and
100D.

[0154] The liquid crystal display device 100F, in which the
subpixels SP1 to SP3 have smaller areas, exhibits a different
viewing angle characteristic from the liquid crystal display
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device 100A. As can be seen from FIG. 18, the viewing angle
characteristic of this liquid crystal display device 100F has
improved compared to not only the liquid crystal display
device as a comparative example but also the liquid crystal
display device 100A as well.

[0155] The viewing angle characteristic of this liquid crys-
tal display device 100F is different from that of the liquid
crystal display device 100D, too. As can be seen from FIG.
18, the viewing angle characteristic of the liquid crystal dis-
play device 100F has improved compared to that of the liquid
crystal display device 100D.

[0156] In the preferred embodiment described above, the
subpixels SP1 and SP3 of the pixel Po and the subpixel SP2 of
the pixel Pe, which are associated with the first counter elec-
trode signal, are supposed to be bright subpixels, while the
subpixel SP2 of'the pixel Po and the subpixels SP1and SP3 of
the pixel Pe, which are associated with the second counter
electrode signal, are supposed to be dark subpixels. However,
the present invention is in no way limited to that specific
preferred embodiment. Conversely, those subpixels associ-
ated with the first counter electrode signal may dark subpixels
and those subpixels associated with the second counter elec-
trode signal may be bright subpixels. Still alternatively, the
brightness of the subpixels may also be inverted on a frame-
by-frame basis. For example, if subpixels associated with the
first and second counter electrode signals in an N* frame are
a bright subpixel and a dark subpixel, respectively, then sub-
pixels associated with the first and second counter electrode
signals in the next (N+1)” frame may be a dark subpixel and
a bright subpixel, respectively.

Embodiment 7

[0157] In the liquid crystal display device 100F described
above, each pixel electrode 124 is supposed to have a fishbone
structure. However, this is just an example of the present
invention. Hereinafter, yet another preferred embodiment of a
liquid crystal display device according to the present inven-
tion will be described with reference to FIG. 19, which is a
schematic plan view ofa liquid crystal display device 100G as
aseventh preferred embodiment of the present invention. The
liquid crystal display device 100G of this preferred embodi-
ment has the same configuration as its counterpart of the sixth
preferred embodiment except that this liquid crystal display
device 100G operates in the CPA mode. Thus, description of
their common features will be omitted herein to avoid redun-
dancies.

[0158] Each pixel electrode 124 includes three unit por-
tions 124u1, 124u2 and 124u3 and two linking portions
12471 and 12472 that connect the unit portions 124u1, 1242
and 12443 together. The unit portions 124u1, 12412 and
124u3 have a highly symmetric shape (e.g., rectangular in this
example).

[0159] In the liquid crystal display device 100G of this
preferred embodiment, the counter electrode 144 has a num-
ber ofdivided linear counter electrodes 145. Any two adjacent
linear counter electrodes 145 are electrically independent of
each other and two different counter electrode signals are
applied to them. A slit 145s has been cut between two adjacent
linear counter electrodes 145. The linear counter electrodes
145 have a width of 45 um and the slithas a width of 5 um. In
addition, openings 1407 have also been cut through the sur-
face of the counter substrate 140 so as to contact with the
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liquid crystal layer 160 right over or under the respective
centers of the unit portions 124u1, 12442 and 124u3 of the
pixel electrode 124.

[0160] In this example, the three linear counter electrodes
145 that are respectively arranged over the unit portions
124u1, 1242 and 124u3 of one pixel electrode 1240 will be
identified herein by the reference numerals 145a, 1455 and
145¢, respectively. On the other hand, the three linear counter
electrodes 145 that are respectively arranged over the unit
portions 12441, 12442 and 124u3 of one pixel electrode 124¢
will be identified herein by the reference numerals 1454, 145¢
and 145f; respectively. Each pixel P has three subpixels SP1,
SP2 and SP3. Specifically, the subpixels SP1, SP2 and SP3 of
the pixel Po are defined by the superimpositions of the linear
counter electrodes 145a, 1455 and 145¢ over their associated
unit portions 1241, 124u2 and 124u3 of the pixel electrode
1240. On the other hand, the subpixels SP1, SP2 and SP3 of
the pixel Pe are defined by the superimpositions of the linear
counter electrodes 1454, 145¢ and 145/ over their associated
unit portions 1241, 1242 and 124u3 of the pixel electrode
124e.

[0161] A first counter electrode signal is applied to the
linear counter electrodes 145a, 145¢ and 145¢, while a second
counter electrode signal, which is different from the first
counter electrode signal, is applied to the linear counter elec-
trodes 1455, 1454 and 145f. In this case, the V-T characteristic
of the subpixels SP1 and SP3 of the pixel Pa and the subpixel
SP2 of the pixel Pe, which are associated with the first counter
electrode signal, is different from that of the subpixel SP2 of
the pixel Po and the subpixels SP1 and SP3 of the pixel Pe,
which are associated with the second counter electrode sig-
nal. As a result, the V-T characteristic of the overall pixel P
becomes the average of the V-T characteristics of these sub-
pixels SP1 to SP3. Thus, in this liquid crystal display device
100G, as the counter electrode signals have mutually different
potentials, the subpixels have different transmittances, and
therefore, the whitening phenomenon can be reduced.

Embodiment 8

[0162] In the liquid crystal display devices 100A through
100G described above, any two adjacent divided counter
electrodes 145 are supposed to have substantially the same
shape. However, the present invention is in no way limited to
those specific preferred embodiments. Optionally, two adja-
cent divided counter electrodes 145 may also have mutually
different shapes. Furthermore, in the liquid crystal display
devices 100D through 100G described above, the divided
counter electrodes 145 are supposed to run straight in the row
direction. But those are only examples of the present inven-
tion, too.

[0163] Hereinafter, an eighth preferred embodiment of a
liquid crystal display device according to the present inven-
tion will be described with reference to FIG. 20. The liquid
crystal display device 100H of'this preferred embodiment has
the same configuration as the liquid crystal display devices
100D through 100G except that its divided counter electrodes
145 have multiple different shapes. Thus, description of their
common features will be omitted herein to avoid redundan-
cies. In FIG. 20, illustrated is only a portion of the counter
electrode 144 that faces a matrix of pixels that are arranged in
two rows and four columns.

[0164] InFIG. 20, three divided counter electrodes 145 are
identified by the reference numerals 145q, 1455 and 145¢,
respectively. In this case, the divided counter electrode 1455
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is adjacent to, and has a different shape from, the divided
counter electrode 145a. On the other hand, the divided
counter electrode 145¢ has the same shape as the divided
counter electrode 145a.

[0165] In the divided counter electrode 1454, each counter
electrode portion 145 is not electrically connected to any of
the four counter electrode portions 145u that are adjacent to it
in the column and row directions, but is electrically connected
to two diagonally adjacent counter electrode portions 145u
with two connecting portions 145¢, each of which is a linear
one to connect together two diagonally adjacent counter elec-
trode portions 145u in the shortest distance. The divided
counter electrode 1454 is a zigzag counter electrode that runs
zigzag in the row direction and is arranged so as to be supet-
imposed over one of the unit portions 124u of its associated
pixel electrode 124 on each column.

[0166] On the other hand, the divided counter electrode
1455 includes a trunk portion 145561 that runs straight in the
row direction and branch portions 14552, each of which is
extended from the trunk portion 1455 so as to run in one of
two opposite directions over one column and in the other
direction over the next column, respectively. The divided
counter electrode 14554 is arranged so as to be superimposed
over two of the unit portions 124u of its associated pixel
electrode 124 on each column. Look at those counter elec-
trode portions 145u that are arranged in matrix, and it can be
seen that in the trunk portion 14551, each pair of counter
electrode portions 145« that are adjacent to each other in the
row direction are connected together with a connecting por-
tion 145¢1 that runs in the row direction and in the branch
portions 14562, each pair of counter electrode portions 1451
that are adjacent to each other in the column direction are
connected together with a connecting portion 145¢2 that runs
in the column direction.

[0167] Hereinafter, the features of this liquid crystal dis-
play device 100H will be described in comparison with the
liquid crystal display devices 100D through 100G shown in
FIGS. 14,16, 17 and 19.

[0168] First of all, look at three adjacent divided counter
electrodes 1454, 1456 and 145¢. In the liquid crystal display
devices 100D through 100G, each set of three divided counter
electrodes 1454, 1455 and 145c¢ is superimposed over every
unit portion 124u belonging to an associated one row of pixel
electrodes 124. In the liquid crystal display device 100H, on
the other hand, the unit portions 124u, located under the
divided counter electrode 1455, do belong to an associated
one row of pixel electrodes 124, but the unit portions 124,
located under the two other divided counter electrodes 1454
and 145¢, belong to not only that row of pixel electrodes 124
but also two adjacent rows of pixel electrodes 124 as well.
[0169] Next, let us consider the areas of those divided
counter electrodes 145a to 145¢. In the liquid crystal display
devices 100D through 100G, the areas of the divided counter
electrodes 1454 to 145¢ are equal to each other. In the liquid
crystal display device 100H, however, the area of each of the
divided counter electrodes 145a and 145¢ is only a half as
large as that of the divided counter electrode 1455.

[0170] Furthermore, in the liquid crystal display devices
100D through 100G, if bright and dark subpixels are defined
alternately with respect to each linear divided counter elec-
trode 1454, 145b, then those bright subpixels will be arranged
in line in the column direction, so will the dark subpixels. That
is why even if every pixel displayed the same grayscale, a
striped bright and dark pattern could be sensed and the display
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quality could decline. In the liquid crystal display device
100H, on the other hand, each divided counter electrode
1454, 145 has a nonlinear shape. That is why even if bright
and dark subpixels are defined alternately with respect to each
divided counter electrode 145a, 1455, the decline in display
quality can still be minimized.

[0171] Suppose every pixel of the liquid crystal display
device 100H displays white, the unit portion 124u of every
pixel electrode 124 has a potential of 0.4 V, the first counter
electrode signal supplied to the divided counter electrodes
145a and 145¢ has a potential of 6.4 V, and the second counter
electrode signal supplied to the divided counter electrode
1455 has a potential of 4.4 V. In that case, a subpixel defined
by one unit portion 124u of a pixel electrode 124 and its
associated counter electrode portion 145u, to which the first
counter electrode signal is supplied, becomes a bright sub-
pixel. On the other hand, a subpixel defined by another unit
portion 124u of the pixel electrode 124 and its associated
counter electrode portion 145, to which the second counter
electrode signal is supplied, becomes a dark subpixel. Since
the area of the dark subpixel is broader than that of the bright
subpixel, the viewing angle characteristic can be improved at
low to intermediate grayscales.

Embodiment 9

[0172] Each of the liquid crystal display devices described
above either has the fishbone structure or operates in the CPA
mode. However, the present invention is in no way limited to
those specific preferred embodiments.

[0173] Hereinafter, a preferred embodiment of a liquid
crystal display device according to the present invention will
be described with reference to FI1G, 21, which is a schematic
plan view illustrating a liquid crystal display device 1001 as a
ninth preferred embodiment of the present invention. The
liquid crystal display device 1001 of this preferred embodi-
ment has the same configuration as its counterparts described
above except that this device 1001 operates in the MVA mode.
Thus, description of their common features will be omitted
herein to avoid redundancies.

[0174] Each pixel electrode 124 includes three unit por-
tions 124u1, 12442 and 124u3 and two linking portions
1241 and 12472 that connect the unit portions 124u1, 1242
and 124u3 together. The unit portions 124u1, 124u2 and
12443 have a rectangular shape in this example.

[0175] Inthe liquid crystal display device 1001 of this pre-
ferred embodiment, the counter electrode 144 has a number
of divided linear counter electrodes 145. Any two adjacent
linear counter electrodes 145 are electrically independent of
each other and two different counter electrode signals are
applied to them. A slit 145s has been cut between two adjacent
linear counter electrodes 145.

[0176] In this example, the three linear counter electrodes
145 that are respectively arranged over the unit portions
124u1, 1242 and 124u3 of one pixel electrode 1240 will be
identified herein by the reference numerals 145a, 1456 and
145c¢, respectively. On the other hand, the three linear counter
electrodes 145 that are respectively arranged over the unit
portions 12441, 12442 and 124u3 of one pixel electrode 124¢
will beidentified herein by the reference numerals 1454, 145¢
and 145/, respectively. Each pixel P has three subpixels SP1,
SP2 and SP3. Specifically, the subpixels SP1, SP2 and SP3 of
the pixel Po are defined by the superimpositions of the linear
counter electrodes 1454, 1455 and 145¢ over their associated
unit portions 124u1, 12442 and 124u3 of the pixel electrode
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1240. On the other hand, the subpixels SP1, SP2 and SP3 of
the pixel Pe are defined by the superimpositions of the linear
counter electrodes 1454, 145¢ and 145/ over their associated
unit portions 124u1, 12442 and 124u3 of the pixel electrode
124e.

[0177] The unit portions 124u1, 124u2 and 124u3 are pro-
vided with first alignment control means 1247, which extends
in two directions that intersect with each other at right angles.
On the other hand, the linear counter electrodes 1454 through
145f are provided with second alignment control means 145r,
which also extends in two directions that intersect with each
other at right angles. The first alignment control means 124
is arranged parallel to the second alignment control means
145r. Bach of the first and second alignment control means
1247 and 145~ is arranged in a belt-shape. On two sides of
each of the first and second alignment control means 1247 and
145y, produced are two liquid crystal domains, in one of
which liquid crystal molecules 162 tilt in a particular direc-
tion and in the other of which liquid crystal molecules 162 tilt
in another direction that defines an angle of 180 degrees with
respect to that particular direction. As the alignment control
means, any of various alignment control means (domain regu-
lating means) as disclosed in Japanese Patent Application
Laid-Open Publication No. 11-242225 may be used, for
example.

[0178] InFIG. 21, slits (where there is no conductive film)
are provided as the first alignment control means 124r for the
unit portions 124u1, 12442 and 1243, and ribs (i.e., projec-
tions) are provided as the second alignment control means
145r for the linear counter electrodes 145¢ through 145f.
These slits 1247 and ribs 1457 are extended so astorunin a
belt shape (i.e., strip). When a potential difference is pro-
duced between one pixel electrode 124 and the counter elec-
trode 144, each slit 1247 generates an oblique electric field in
aregion of the liquid crystal layer 160 around the edges of the
slit 1247 and induces alignments of the liquid crystal mol-
ecules 162 perpendicularly to the direction in which the slit
1247 runs. On the other hand, each rib 1457 induces align-
ments of the liquid crystal molecules 162 substantially per-
pendicularly to its side surface, and eventually, perpendicu-
larly to the direction in which the rib 1457 runs. Each slit 124
and its associated rib 145~ are arranged parallel to each other
with a certain interval left between them. That is to say, a
liquid crystal domain is defined between one slit 1247 and its
associated rib 145r that are adjacent to each other.

[0179] A first counter electrode signal is applied to the
linear counter electrodes 145a, 145¢ and 145¢, while a second
counter electrode signal, which is different from the first
counter electrode signal, is applied to the linear counter elec-
trodes 1455, 1454 and 145f. In this case, the V-T characteristic
of the subpixels SP1 and SP3 of the pixel Po and the subpixel
SP2 of the pixel Pe, which are associated with the first counter
electrode signal, is different from that of the subpixel SP2 of
the pixel Po and the subpixels SP1 and SP3 of the pixel Pe,
which are associated with the second counter electrode sig-
nal. As a result, the V-T characteristic of the overall pixel P
becomes the average of the V-T characteristics of these sub-
pixels SP1 to SP3. Thus, in this liquid crystal display device
1001, as the counter electrode signals have mutually different
potentials, the subpixels have different transmittances, and
therefore, the whitening phenomenon can be reduced.
[0180] In the preferred embodiment described above, slits
(where there is no conductive film) are provided as the first
alignment control means 1247 for the unit portions 1241
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through 124u3. However, this is just an example of the present
invention. Alternatively, ribs may also be provided as the first
alignment control means 1247 for the unit portions 124u1 to
124u3. Also, in the preferred embodiment described above,
ribs (i.e., projections) are provided as the second alignment
control means 1457 for the linear counter electrodes 1454
through 145/ However, this is only an example of'the present
invention, too. Alternatively, slits may also be provided as the
second alignment control means 145~ for the linear counter
electrodes 145q to 145

[0181] Optionally, the PSA technology may also be applied
to this liquid crystal display device 1001. Then, the response
speed can be increased and the alignments of the liquid crystal
molecules 162 can be stabilized as well. The PSA technology
is particularly effective if at least one of the first and second
alignment control means 1247 and 145r is slits.

[0182] Also, in the preferred embodiments described
above, each pixel electrode 124 is supposed to include three
unit portions 124u1, 124u2 and 124u3. However, the present
invention is in no way limited to those specific preferred
embodiments and the number of unit portions included in
each pixel electrode 124 does not have to be three but may be
any other number. For example, the area of the bright subpixel
SP may be equal in each pixel electrode 124 to that of the dark
subpixel and the pixel electrode 124 may include two unit
portions. Still alternatively, the pixel electrode 124 may not be
divided into multiple unit portions and may even be a single
rectangular electrode, too.

[0183] Furthermore, in the preferred embodiments
described above, the multiple linear counter electrodes are
supposed to be electrically connected together in the frame
area. However, this is just an example of the present inven-
tion. Alternatively, a driver (not shown) may supply multiple
counter electrode signals to associated linear counter elec-
trodes, too.

[0184] Furthermore, in the preferred embodiments
described above, two different counter electrode signals are
supposed to be supplied to those multiple linear counter elec-
trodes. But those preferred embodiments ofthe present inven-
tion may also be modified so that three or more different
counter electrode signals are supplied to those linear counter
electrodes.

[0185] Furthermore, although each pixel is supposed to
have regions with two mutually different V-T characteristics
in the preferred embodiments described above, those embodi-
ments of the present invention may be modified so that each
pixel may have regions with three or more different V-T
characteristics.

[0186] Theentire disclosure of Japanese Patent Application
No. 2008-263128, from which the present application claims
priority, is hereby incorporated by reference.

INDUSTRIAL APPLICABILITY

[0187] The present invention provides a liquid crystal dis-
play device that can minimize a decrease in the aperture ratio
ofthe display area and that can reduce the whitening phenom-
enon efficiently.

REFERENCE SIGNS LIST
[0188] 100A through 1001 liquid crystal display device
[0189] 120 active-matrix substrate
[0190] 122 insulating substrate
[0191] 124 pixel electrode
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[0192] 126 alignment layer

[0193] 140 counter substrate

[0194] 142 insulating substrate
[0195] 144 counter electrode

[0196] 145 divided counter electrode
[0197] 146 alignment layer

1. A liquid crystal display device comprising:

an active-matrix substrate including a number of pixel
electrodes that are arranged in columns and rows so as to
form a matrix pattern;

a counter substrate including a counter electrode; and

a vertical alignment liquid crystal layer, which is inter-

posed between the active-matrix substrate and the
counter substrate,

wherein the counter electrode includes a number of divided

counter electrodes, and

wherein each said pixel electrode is associated with at least

two of the divided counter electrodes that are arranged
over the pixel electrode.

2. The liquid crystal display device of claim 1, wherein
each said divided counter electrode runs in a row direction in
which the rows are defined.

3. The liquid crystal display device of claim 1, wherein the
divided counter electrodes include first and second divided
counter electrodes, the second divided counter electrode
being arranged adjacent to the first divided counter electrode,
and

wherein first and second counter electrode signals are sup-

plied to the first and second divided counter electrodes,
respectively, the second counter electrode signal being
different from the first counter electrode signal.

4. The liquid crystal display device of claim 1, wherein
each said divided counter electrode runs straight in the row
direction.

5. The liquid crystal display device of claim 4, wherein one
row of the pixel electrodes is associated with at least two of
the divided counter electrodes that are arranged over that row
of pixel electrodes.

6. The liquid crystal display device of claim 1, wherein
each said divided counter electrode has a portion that is
extended obliquely with respect to the row direction.

7. The liquid crystal display device of claim 6, wherein at
least one of the divided counter electrodes runs zigzag in the
row direction.

8. The liquid crystal display device of claim 6, wherein one
of any two adjacent ones of the divided counter electrodes is
superimposed over a part of one particular row of the pixel
electrodes, and

wherein the other one of the two adjacent divided counter

electrodes is superimposed over not only another part of
that particular row of pixel electrodes but also a part of
another row of pixel electrodes, said another row being
adjacent to that particular row.

9. The liquid crystal display device of claim 7, wherein
each of the divided counter electrodes runs zigzag in the row
direction.

10. The liquid crystal display device of claim 7, wherein
one ofany two adjacent ones of the divided counter electrodes
runs zigzag in the row direction, and

wherein the other one of the two adjacent divided counter

electrodes has a trunk portion that runs straight in the
row direction and branch portions, which are extended
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from the trunk portion so as to run in two opposite
directions and change the directions one column after
another.

11. The liquid crystal display device of claim 1, wherein
each of the pixel electrodes has multiple unit portions, and

wherein each of the divided counter electrodes is arranged

over at least one of the unit portions that at least one of
the pixel electrodes that form each said row has.

12. The liquid crystal display device of claim 11, wherein
liquid crystal molecules in the liquid crystal layer are aligned
symmetrically with respect to the center of each of the unit
portions.

13. The liquid crystal display device of claim 11, wherein
the surface of the counter substrate that contacts with the
liquid crystal layer has openings or rivets, which are located
right over the respective centers of the unit portions.

14. The liquid crystal display device of claim 11, wherein
each said unit portion has a fishbone structure.

15. The liquid crystal display device of claim 14, wherein
the surface of the unit portions that contacts with the liquid
crystal layer has ribs or slits, and

wherein the surface of the counter substrate that contacts

with the liquid crystal layer also has ribs or slits.

Aug. 11,2011

16. The liquid crystal display device of claim 3, wherein
the area of some of the divided counter electrodes, to which
the first counter electrode signal is supplied, is different from
that of some other one(s) of the divided counter electrodes, to
which the second counter electrode signal is supplied.

17. The liquid crystal display device of claim 3, wherein
the area of some of the divided counter electrodes, to which
the first counter electrode signal is supplied, is substantially
equal to that of some other one(s) of the divided counter
electrodes, to which the second counter electrode signal is
supplied.

18. The liquid crystal display device claim 1, further com-
prising a first alignment sustaining layer, which is arranged
between the pixel electrodes and the liquid crystal layer, and
a second alignment sustaining layer, which is arranged
between the counter electrode and the liquid crystal layer.

19. The liquid crystal display device of claim 1, wherein at
least one of the active-matrix substrate and the counter sub-
strate further includes an alignment layer, and

wherein when no voltage is applied to the liquid crystal

layer, liquid crystal molecules tilt with respect to a nor-
mal to the principal surface of the alignment layer.
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