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7) ABSTRACT

A combination of a bright and dark display pattern and a
polarity pattern is used to drive a liquid crystal display
device. In the bright and dark display pattern, bright display
picture elements and dark display picture elements alternate
with each other every one picture element in horizontal and
vertical directions. In the polarity pattern, positive-polarity
picture elements and negative-polarity picture elements
alternate with each other every two picture elements in the
horizontal and vertical directions. This driving method
allows preventing a phenomenon in which a screen becomes
whitish when viewed from any oblique angle (i.c., washing
out), that is, what the effect of HT technique based on time
division is aiming at, while preventing the occurrence of
flicker and burn-in on the screen. Moreover, the driving
method enables coarseness-free excellent display, because
the bright display picture elements and the dark display
picture elements alternate with each other every one picture
element.
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FIG. 1 (PRIOR ART)
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FIG. 2A (PRIOR ART)
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FIG. 3 (PRIOR ART)
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FIG. 4 (PRIOR ART)
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FIG. 5 (PRIOR ART)
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FIG. 6 (PRIOR ART)
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FIG. 10 (PRIOR ART)
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METHOD OF DRIVING LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APLICATIONS

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2004-270308 filed on Sep.
16, 2004, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a method of driving a
liquid crystal display device and a liquid crystal display
device, which are adapted to change, with time, the gray
level of a display signal to be fed to each picture element of
a liquid crystal display panel, thereby preventing the occur-
rence of a phenomenon in which an image as viewed from
any oblique angle undergoes degradation in its color repro-
ducibility, as compared to that as viewed from the front.

[0004]

[0005] Liquid crystal display devices have the advantages
of being thin and lightweight and also allowing low-voltage
drive and thus low power consumption, as compared to
CRTs (cathode ray tubes). Thus, liquid crystal display
devices are used in various types of electronic equipment,
such as televisions, notebook-sized PCs (personal comput-
ers), desktop PCs, PDAs (personal digital assistants), and
mobile telephones. In particular, an active matrix liquid
crystal display device, which includes a TFT (thin film
transistor) which is provided for each picture element (or
subpixel) so as to act as a switching element, has high
driving capabilities and thus exhibits excellent display char-
acteristics comparable to those of a CRT. Thus, active matrix
liquid crystal display devices have come into wide use in the
fields where CRTs have been heretofore used, such as
desktop PCs and televisions.

[0006] As shown in FIG. 1, a liquid crystal display device
generally comprises two transparent substrates 10 and 20
which are disposed with spacers 31 in between and are
bonded with a sealing compound 32, and liquid crystal 30
sealed in between the substrates 10 and 20. One substrate 10
includes a picture element electrode and a TFT, which are
provided for each picture element. The other substrate 20
includes a color filter to be faced with each picture element
electrode, and a common electrode common to every picture
element. The color filters are of three types: red (R), green
(G), and blue (B). One color filter out of the three is laid over
each picture element. A pixel is composed of three picture
elements, that is, red (R), green (G) and blue (B) picture
elements, which are located adjacent to each other.

[0007] Hereinafter, the substrate having the picture ele-
ment electrodes and the TFTs will be called a “TFT sub-
strate”, and the substrate to be faced with the TFT substrate
will be called an “opposite substrate”. A structure formed of
the TFT substrate, the opposite substrate, and liquid crystal
sealed in between the substrates is herein referred to as a
“liquid crystal display panel”.

[0008] Typically, the TFT substrate 10 is larger than the
opposite substrate 20 by the size of a connect terminal. Sheet

2. Description of the Prior Art
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polarizers 41 and 42 are disposed on both sides of a liquid
crystal display panel 40 comprising the TFT substrate 10 and
the opposite substrate 20. A backlight (not shown) is dis-
posed under the liquid crystal display panel 40.

[0009] Heretofore, a TN (twisted nematic) liquid crystal
display device has been widely used in which horizontal
alignment liquid crystal (i.e., liquid crystal having positive
anisotropy of dielectric constant) is sealed in between two
substrates 10 and 20 so that liquid crystal molecules are
oriented in a twisted fashion. However, the TN liquid crystal
display device has the disadvantage of having poor viewing
angle characteristics and thus causing considerable varia-
tions in the contrast or color tone of a screen as viewed from
any oblique angle. Thus, MVA (multi-domain vertical align-
ment) liquid crystal display devices having good viewing
angle characteristics are developed for practical use.

[0010] FIGS. 2A and 2B are schematic cross-sectional
views showing an example of an MVA liquid crystal display
device. The TFT substrate 10 and the opposite substrate 20
are disposed with spacers (not shown) in between, and
vertical alignment liquid crystal 30 (i.e., liquid crystal hav-
ing negative anisotropy of dielectric constant) is sealed in
between the substrates 10 and 20. A plurality of bank-shaped
projections 13 are formed on a picture element electrode 12
of the TFT substrate 10 so as to act as structures for defining
domains. The surfaces of the picture element electrode 12
and the projections 13 are coated with a vertical alignment
film 14 made of, for example, polyimide.

[0011] A plurality of bank-shaped projections 23 are also
formed on a common electrode 22 of the opposite substrate
20 so as to act as structures for defining domains. The
projections 23 are displaced obliquely relative to the pro-
jections 13 on the TFT substrate 10. The surfaces of the
common electrode 22 and the projections 23 are also coated
with a vertical alignment film 24 made of, for example,
polyimide.

[0012] Inthe MVA liquid crystal display device, almost all
liquid crystal molecules 30a are oriented perpendicularly to
the substrate surfaces as shown in FIG. 2A, under condi-
tions where no voltage is placed between the picture element
electrode 12 and the common electrode 22. However, the
liquid crystal molecules 30a near the projections 13 and 23
are oriented perpendicularly to the inclined surfaces of the
projections 13 and 23.

[0013] When a predetermined voltage is placed between
the picture element electrode 12 and the common electrode
22, the liquid crystal molecules 30a are oriented obliquely
relative to the substrate surfaces under the effect of an
electric field. In this instance, the liquid crystal molecules
30a are tilted in different directions on both sides of the
projections 13 and 23 as shown in FIG. 2B, so that so-called
multi-domain is achieved.

[0014] Inthe MVA liquid crystal display device, the liquid
crystal molecules 30a are tilted in different directions on
both sides of the projections 13 and 23 under the application
of a voltage, as shown in FIG. 2B. This allows preventing
light from leaking obliquely, thus achieving excellent view-
ing angle characteristics.

[0015] Although the description has been given with
regard to the above-mentioned example in which the pro-
jections are used as the structures for defining domains, slits
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formed in the electrode or recesses (or grooves) formed in
the substrate surface may be used as the structures for
defining domains. Although the description has been given
with reference to FIGS. 2A and 2B in which the structures
for defining domains are formed on both the TFT substrate
10 and the opposite substrate 20, the structures for defining
domains may be formed on one substrate, either the TFT
substrate 10 or the opposite substrate 20.

[0016] FIG. 3 shows an example in which slits 12¢ are
formed in the picture element electrode 12 on the TET
substrate 10 so as to act as structures for defining domains.
Lines of electric force are generated obliquely toward the
center of each slit 12z on the edges of each slit 124, so that
the liquid crystal molecules 30a are tilted in different direc-
tions on both sides of each slit 12¢. This allows achieving
multi-domain, thus improving viewing angle characteristics.

[0017] FIG. 4 is a plan view showing an example of an
actual MVA liquid crystal display device. FIG. 4 shows one
picture element region of the TFT substrate of the MVA
liquid crystal display device.

[0018] A plurality of gate bus lines 51 extending horizon-
tally and a plurality of data bus lines 55 extending vertically
are disposed on the TFT substrate with respective predeter-
mined pitches. The gate bus lines 51 and the data bus lines
55 partition the TFT substrate into rectangular regions,
which are picture element regions. Auxiliary capacitance
bus lines 52 are formed on the TFT substrate. The auxiliary
capacitance bus lines 52 are disposed parallel to the gate bus
lines 51 and cross the centers of the picture element regions.
A first insulating film is formed between the gate bus lines
51 and auxiliary capacitance bus lines 52 and the data bus
lines 55 so as to provide electrical isolation between the gate
bus lines 51 and the data bus lines 55 and electrical isolation
between the auxiliary capacitance bus lines 52 and the data
bus lines 55.

[0019] A TFT 54, a picture element electrode 56, and an
auxiliary capacitance electrode 53 are formed in each picture
element region. The TFT 54 uses a part of the gate bus line
51 as a gate electrode. A drain electrode 54d of the TFT 54
is connected to the data bus line 55, and a source electrode
54s of the TFT 54 is located opposite to the drain electrode
544 with the gate bus line 51 in-between. The auxiliary
capacitance electrode 53 is located opposite to the auxiliary
capacitance bus line 52 with the first insulating film in-
between.

[0020] The auxiliary capacitance electrode 53, the TFT 54,
and the data bus line 55 are coated with a second insulating
film, and the picture element electrode 36 is located on the
second insulating film. The picture element electrode 56 is
made of a transparent conductor such as ITO (Indium-Tin
Oxide), and is electrically connected to the source electrode
54s of the TFT 54 and the auxiliary capacitance electrode 53
via contact holes 62a and 62b formed in the second insu-
lating film. Two slits 56a extending obliquely are symmetri-
cally formed in the picture element electrode 56. The surface
of the picture element electrode 56 is coated with a vertical
alignment film made of, for example, polyimide.

[0021] A black matrix, a color filter, and a common
electrode are formed on the opposite substrate to be faced
with the TFT substrate. Bank-shaped projections 71 extend-
ing parallel to the slits 56a are formed on the common
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electrode, as shown by the chain lines of FIG. 4. The
projections 71 are displaced obliquely relative to the slits
56a in the picture element electrode 56. The surfaces of the
common electrode and the projections 71 are coated with a
vertical alignment film made of, for example, polyimide.

[0022] In the liquid crystal display device configured as
mentioned above, placing a predetermined voltage between
the picture element electrode 56 of the TFT substrate and the
common electrode of the opposite substrate yields four
domains having different orientations of liquid crystal mol-
ecules. The projections 71 and the slits 56a are used as the
boundaries of the domains. This allows achieving good
viewing angle characteristics.

[0023] Conventional MVA liquid crystal display devices
exhibit better viewing angle characteristics than TN liquid
crystal display devices. In the former, a phenomenon, how-
ever, occurs in which a screen becomes whitish when
viewed from any oblique angle. FIG. 5 is a plot showing the
transmittance (T) versus applied voltage (V) characteristics
(hereinafier referred to simply as “T-V characteristics”) of a
screen as viewed from the front and as viewed at an oblique
angle of 60 degrees from above. In FIG. 5, the horizontal
and vertical axes indicate an applied voltage (V) and trans-
mittance (T), respectively. As shown in FIG. 5, when
slightly higher voltages than a threshold voltage are applied
to a picture element electrode (as shown by the circled part
in FIG. 5), the transmittance of the screen as viewed from
the oblique angle is higher than the transmittance of the
screen as viewed from the front. When relatively higher
voltages are applied, the transmittance of the screen as
viewed from the oblique angle is lower than the transmit-
tance of the screen as viewed from the front. When the
screen is viewed from the oblique angle, such low transmit-
tance leads to small luminance differences among red, green
and blue picture elements, thus resulting in the occurrence of
the phenomenon in which the screen becomes whitish, as
mentioned above. This phenomenon is called “washing out”.
Washing out occurs not only in MVA liquid crystal display
devices, but also in TN liquid crystal display devices.

[0024] U.S. Pat. No. 4,840,460 presents the approach of
subdividing each picture element into a plurality of sub
picture elements and capacitively coupling the sub picture
elements. In a liquid crystal display device adopting this
approach, an electric potential is divided according to the
capacitance ratio of each sub picture element, so that dif-
ferent voltages can be applied to the sub picture elements.
Thus, a plurality of regions having T-V characteristics
having different thresholds are apparently present in each
picture element. The presence of a plurality of regions
having T-V characteristics having different thresholds in
each picture element, as mentioned above, allows preventing
the occurrence of the phenomenon in which the transmit-
tance of the screen as viewed from the oblique angle is
higher than the transmittance of the screen as viewed from
the front as shown in FIG. 5, thus preventing the occurrence
of the phenomenon in which the screen becomes whitish
(i.e., discoloring).

[0025] Japanese Patent No. 3076938 (Japanese Unexam-
ined Patent Application Publication No. Hei 05-66412)
discloses a liquid crystal display device including a picture
element electrode which is subdivided into plural (e.g., four)
sub picture element electrodes 81a to 81d, and control
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electrodes 82a to 82d which are disposed under the sub
picture element electrodes 81a to 81d, respectively, with an
insulating film in-between, as shown in FIG. 6. In the liquid
crystal display device, the control electrodes 82a to 824 are
of different sizes, and a display voltage is applied to each of
the control electrodes 82a to 824 via a TFT 80. A control
electrode 83 is also disposed between the adjacent electrodes
of the sub picture element electrodes 81a to 81d in order to
prevent light from leaking through between the adjacent
electrodes of the sub picture element electrodes 81a to 81d.

[0026] The approach of subdividing each picture element
into a plurality of capacitively coupled sub picture elements
for the purpose of improving display characteristics, as
disclosed in the above patents, is called “HT (halftone gray
scale) technique based on capacitive coupling”.

[0027] Japanese Unexamined Patent Application Publica-
tion No. 2001-75073 presents an approach for improving the
viewing angle characteristics of a liquid crystal display
device. For example, the approach involves applying a first
voltage V1 to each picture element electrode for even-
numbered frames, and applying a second voltage V2, which
is about 0.5 to 1.5 V lower than the first voltage V1, to each
picture element electrode for odd-numbered frames. Here-
inafter, the application of the first voltage V1 to each picture
element electrode will be called “bright display”, and the
application of the second voltage V2 lower than the first
voltage V1 will be called “dark display”. A pattern indicat-
ing the arrangement of bright display picture elements and
dark display picture elements is herein referred to as a
“bright and dark display pattern”.

[0028] The publication No. 2001-75073 presents a
description as given below. For the odd-numbered frames,
all picture elements undergo dark display as shown in FIG.
7A. For the even-numbered frames, all picture elements
undergo bright display as shown in FIG. 7B. This publica-
tion also presents a description as given below. For the
odd-numbered frames, picture elements connected to odd-
numbered (e.g., the nth, (n+2)th, . . ) gate bus lines may
undergo dark display, and picture elements connected to
even-numbered (e.g., the (n+1)th, (n+3)th, . . .) gate bus lines
may undergo bright display, as shown in FIG. 8A. For the
even-numbered frames, the picture elements connected to
the odd-numbered gate bus lines may undergo bright dis-
play, and the picture elements connected to the even-num-
bered gate bus lines may undergo dark display, as shown in
FIG. 8B. In FIGS. 7A and 7B and FIGS. 8A and 8B, R, G
and B denote red (R), green (G) and blue (B) picture
elements, respectively.

[0029] The HT technique based on capacitive coupling, as
mentioned above, uses the approach (i.c., space division) of
subdividing each picture element into a plurality of regions
and applying different voltages to the regions for the purpose
of improving viewing angle characteristics, whereas the
liquid crystal display device disclosed in the publication No.
2001-75073 adopts the approach of changing, with time, a
voltage to be applied to each picture element electrode for
the purpose of achieving the effect of the HT technique.
Hereinafter, this approach will be called “HT technique
based on time division”.

[0030] In order to prevent burn-in, liquid crystal display
devices are typically adapted to change the polarity of a
voltage (or a display signal) to be applied to each picture
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element electrode for each frame. In this case, transmittance
under the application of a positive-polarity (or plus) voltage
is slightly different from transmittance under the application
of a negative-polarity (or minus) voltage. Thus, flicker
occurs, for example when a voltage of positive polarity and
a voltage of negative polarity are applied to all picture
elements for odd-numbered frames and even-numbered
frames, respectively. Thus, liquid crystal display devices are
typically adapted to apply voltages of different polarities to
picture elements located horizontally and vertically adjacent
to each other and are further adapted to change the polarity
of a voltage to be applied to each picture element for each
frame, as shown in FIGS. 9A and 9B.

[0031] Hereinafter, a pattern indicating the polarity of a
voltage to be applied to each picture element, as shown in
each of FIGS. 9A and 9B, will be called a “polarity pattern”.
The polarity pattern in which voltages of different polarities
are applied to a horizontal arrangement of picture elements
every one picture element and voltages of different polarities
are applied to a vertical arrangement of picture elements
every one picture element, for example as shown in each of
FIGS. 9A and 9B, is herein referred to as a “polarity pattern
with transverse 1-dot inversion and longitudinal 1-dot inver-
sion”.

[0032] Japanese Unexamined Patent Application Publica-
tion No. Hei 08-171369 presents the approach of applying,
by turns, voltages of different polarities to adjacent data bus
lines for the purpose of reducing poor display, such as a
transverse (or horizontal) luminance gradient, transverse
crosstalk, and a longitudinal (or vertical) luminance gradi-
ent.

[0033] Japanese Unexamined Patent Application Publica-
tion No. 2003-337577 presents a liquid crystal display
device which is adapted to select between a 1-dot inversion
polarity pattern in which the polarity is reversed every one
picture element and a 2-dot inversion polarity pattern in
which the polarity is reversed every two picture elements,
for example according to vertical frequencies and the pres-
ence or absence of flicker.

[0034] The HT technique based on capacitive coupling has
the disadvantage of reducing an aperture ratio and thus
providing insufficient brightness, because a voltage to be
applied to each sub picture element electrode cannot be used
to provide a desired orientation of liquid crystal molecules
in a region between the sub picture element electrodes. This
HT technique also has the disadvantage of increasing the
likelihood of a short circuit occurring between the sub
picture element electrodes and the control electrodes or
between adjacent sub picture element electrodes, because of
requiring a thin insulating film between the control elec-
trodes and the picture element electrodes or a slit of narrow
width between the sub picture element electrodes.

[0035] The HT technique based on time division, as dis-
closed in the above publication No. 2001-75073, does not
have these disadvantages. However, experimental tests and
research carried out by the inventors have shown that the
technique disclosed in the publication No. 2001-75073, as
applied to MVA liquid crystal display devices, cannot
achieve its full effect.

[0036] Specifically, the publication No. 2001-75073 gives
the definition of the voltage V1 as the voltage which
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provides desired brightness when the voltage V1 alone is
applied to each picture element electrode, and gives the
definition of the voltage V2 as the voltage which is lower
than the voltage V1 by a predetermined value (e.g., about 0.5
to 1.5 V). Brightness under the application of these different
voltages V1 and V2 alternating with each other to each
picture element electrode should be lower than brightness
under the application of the voltage V1 alone. In the
publication No. 2001-75073, the brightness under the appli-
cation of the voltages V1 and V2 alternating with each other
to each picture element electrode is considered to be sub-
stantially the same as the brightness under the application of
the voltage V1 alone to each picture element electrode,
because there is little difference between the brightness
under the application of the voltage V1 to each picture
element electrode and the brightness under the application of
the voltage V2 to each picture element electrode.

[0037] FIG. 10 is a plot showing the relation between a
gray level difference between the voltages V1 and V2 for
halftone display (127/255) and brightness as viewed from
any oblique angle. In FIG. 10, the horizontal and vertical
axes indicate the gray level difference between the voltages
V1 and V2 and the brightness as viewed from any oblique
angle, respectively. Generally, such a gray level difference
that a luminance difference is unnoticeable, as described in
the publication No. 2001-75073, lies between about 1/255
and 4/255. When the gray level difference falls outside this
range, the luminance difference is fully recognizable. How-
ever, a gray level difference of about 1/255 to 4/255 causes
little change in brightness, as can be seen from FIG. 10. A
difference of at least 96-level or more gray scale must be set
in order to achieve a sufficiently great reduction in the
brightness as viewed from any oblique angle, while main-
taining brightness as viewed from the front. In other words,
the HT technique based on time division cannot achieve its
effect and thus improve viewing angle characteristics, when
the difference between the voltages V1 and V2 is such that
the luminance difference is unnoticeable as described in the
publication No. 2001-75073.

[0038] In order that the HT technique based on time
division may fully achieve the effect of improving viewing
angle characteristics, the brightness under the application of
the voltage V1 and the brightness under the application of
the voltage V2 must be higher and lower than desired
brightness, respectively, so as to increase the luminance
difference between the voltages V1 and V2.

[0039] FIG. 11 is a plot showing the input gray level
versus output gray level characteristics of the voltages V1
and V2 required to obtain desired brightness. In FIG. 11, the
horizontal and vertical axes indicate the input gray level and
the output gray level, respectively. For example in order that
the output gray level will be 125/255, the input gray level for
the voltage V1 and the input gray level for the voltage V2
must be set to 225/255 and 100/255, respectively, so as to
produce a difference of as much as 125-level gray scale.
Such a large difference between the voltages V1 and V2
causes a severe flicker in full screen, when the bright and
dark display patterns shown in FIGS. 7A and 7B are used
to drive the liquid crystal display panel. This large difference
causes severe flickers in the form of transversely extending
lines, when the bright and dark display patterns shown in
FIGS. 8A and 8B are used to drive the liquid crystal display
panel.
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[0040] In short, the technique disclosed in the publication
No. 2001-75073 has at least three problems as given below:
(1) an input signal does not match output brightness; (2) the
technique does not achieve the effect of improving viewing
angle characteristics, when there is little gray level differ-
ence; and (3) the bright and dark display pattern is notice-
able, when there is a large gray level difference.

[0041] Japanese Patent Application No. 2003-93793 filed
by the applicant gives a description with regard to the
approach of applying, by turns, the voltages V1 and V2 to
picture elements located horizontally and vertically adjacent
to each other, as shown in FIGS. 12A and 12B. Bright and
dark display patterns shown in FIGS. 12A and 12B (c.g.,
bright and dark display patterns with transverse 1-dot inver-
sion and longitudinal 1-dot inversion) are combined with
polarity patterns shown in FIGS. 12C and 12D (e.g.,
polarity patterns with transverse 1-dot inversion and longi-
tudinal 1-dot inversion) to form patterns shown in FIGS.
12E and 12F, respectively. Specifically, dark display picture
elements alternate with bright display picture elements in
horizontal and vertical directions, and moreover, picture
elements to be subjected to a voltage of positive polarity
alternate with picture elements to be subjected to a voltage
of negative polarity in the horizontal and vertical directions.

[0042] Inthis case, the negative-polarity voltage alone and
the positive-polarity voltage alone, however, are applied to
the bright display picture elements and the dark display
picture elements, respectively, as can be seen from FIGS.
12E and 12F. This leads to the application of a direct-
current component to a liquid crystal layer, and thus results
in the occurrence of burn-in or flicker.

[0043] The application No. 2003-93793 also gives a
description with regard to the approach of using polarity
patterns shown in FIGS. 13C and 13D (e.g., polarity
patterns with transverse 1-dot inversion and longitudinal
2-dot inversion) to drive the liquid crystal display panel. The
polarity patterns shown in FIGS. 13C and 13D are com-
bined with bright and dark display patterns shown in FIGS.
13A and 13B (e.g., bright and dark display patterns with
transverse 1-dot inversion and longitudinal 1-dot inversion)
to form patterns shown in FIGS. 13E and 13F, respectively.
Specifically, bright display picture elements alternate with
dark display picture elements in the horizontal and vertical
directions. Moreover, picture elements to be subjected to a
positive-polarity voltage and picture elements to be sub-
jected to a negative-polarity voltage alternate with each
other in the horizontal direction, and are arranged in the
vertical direction so that the polarity changes every two
picture elements.

[0044] In this case, however, only the voltage of one
polarity (i.c., positive or negative polarity) is applied to the
bright display picture elements of the horizontally arranged
picture elements, and only the voltage of the other polarity
(i.e., negative or positive polarity) is applied to the dark
display picture elements thereof, as can be seen from FIGS.
13E and 13F.

[0045] The picture element electrodes of the horizontally
arranged picture elements are connected to one and the same
gate bus line via TFT5s, and are capacitively coupled to one
and the same auxiliary capacitance bus line to form auxiliary
capacitance. Thus, a considerable imbalance in electric
potential in the picture elements connected to one gate bus
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line, as shown in FIGS. 13E and 13F, causes variations in
the electric potentials of the gate bus line and the auxiliary
capacitance bus line. This causes flicker in each transverse
line.

[0046] The above application No. 2003-93793 also pre-
sents the approach of using combinations of bright and dark
display patterns shown in FIGS. 14A and 14B (e.g., bright
and dark display patterns with transverse 2-dot inversion and
longitudinal 1-dot inversion) and polarity patterns shown in
FIGS. 14C and 14D (e.g., polarity patterns with transverse
1-dot inversion and longitudinal 2-dot inversion) for driving
as shown in FIGS. 14E and 14F. As can be seen from
FIGS. 14E and 14F, this approach achieves a spatial
balance between bright display and dark display and a
spatial balance between a positive polarity and a negative
polarity. From the viewpoint of each picture element, this
approach also changes the display state for each frame so
that the picture element undergoes positive-polarity dark
display, then positive-polarity bright display, then negative-
polarity dark display, and then negative-polarity bright dis-
play. Therefore, this approach can prevent the occurrence of
burn-in or flicker.

[0047] However, the approach shown in FIGS. 14A to
14F has the disadvantage of producing a coarse screen,
because of changing bright display and dark display every
two horizontal picture elements.

SUMMARY OF THE INVENTION

[0048] It is therefore an object of the invention to provide
a method of driving a liquid crystal display device and a
liquid crystal display device, which are adapted to reduce
oblique leakage of light, and to achieve far superior display
quality to the prior-art methods and devices.

[0049] To achieve the above object, there is provided a
method of driving a liquid crystal display device including
a plurality of picture elements arranged in horizontal and
vertical directions, and a display signal feeding part which
receives input of a video signal and feeds a display signal to
each of the plurality of picture elements, wherein the display
signal feeding part determines the gray level and polarity of
a display signal to be fed to each picture element in
accordance with a bright and dark display pattern and a
polarity pattern; the bright and dark display pattern indicates
the arrangement of bright display picture elements, each of
which undergoes bright display through the supply of a first
display signal having a higher gray level than the gray level
of the video signal, and dark display picture elements, each
of which undergoes dark display through the supply of a
second display signal having a lower gray level than the gray
level of the video signal; and the polarity pattern indicates
the arrangement of positive-polarity picture elements, each
of which receives the supply of a display signal of positive
polarity, and negative-polarity picture elements, each of
which reccives the supply of a display signal of negative
polarity; in the bright and dark display pattern, the bright
display picture elements and the dark display picture ele-
ments alternate with each other every one picture element in
the horizontal and vertical directions; and in the polarity
pattern, the positive-polarity picture elements and the nega-
tive-polarity picture elements alternate with each other every
(2xn) picture elements in the horizontal and vertical direc-
tions (where n denotes any integer exceeding 0 (n>0)).
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[0050] In the invention, a combination of the bright and
dark display pattern and the polarity pattern is used to drive
the liquid crystal display device. In the bright and dark
display pattern, the bright display picture elements and the
dark display picture elements alternate with each other every
one picture element in the horizontal and vertical directions.
In the polarity pattern, the positive-polarity picture elements
and the negative-polarity picture elements alternate with
each other for example every two picture elements in the
horizontal and vertical directions. The driving method of the
invention, as mentioned above, allows what the effect of HT
technique based on time division is aiming at, that is,
preventing a phenomenon in which a screen becomes whit-
ish when viewed from any oblique angle (i.e., washing out),
while preventing the occurrence of flicker and burn-in on the
screen. Moreover, the driving method enables coarseness-
free excellent display, because the bright display picture
elements and the dark display picture elements alternate
with each other every one picture element.

[0051] In the invention, the liquid crystal display device
receives input of a video signal from an apparatus such as a
computer, which outputs the video signal. Then, the first
display signal having a higher gray level than the gray level
of the video signal is fed to each of the bright display picture
elements, and the second display signal having a lower gray
level than the gray level of the video signal is fed to each of
the dark display picture elements. Thus, the driving method
of the invention can improve the gray level of the video
signal.

[0052] To achieve the above object, there is provided a
liquid crystal display device which includes a liquid crystal
display panel having an arrangement of a plurality of picture
elements; a plurality of gate bus lines and a plurality of data
bus lines, which are disposed on the liquid crystal display
panel and are connected to the picture elements; a display
controller which receives input of a video signal and outputs
a display signal; a gate driver which feeds a scan signal to
the plurality of gate bus lines in sequence; a first data driver
which feeds a display signal to odd-numbered data bus lines;
and a second data driver which feeds a display signal to
even-numbered data bus lines; wherein the display control-
ler feeds display signals, which have different polarities
every two picture elements and have different gray levels
every one picture element, to the plurality of picture ele-
ments through the first and second data drivers.

[0053] To achieve the above object, there is provided a
liquid crystal display device which includes a liquid crystal
display panel having an arrangement of a plurality of picture
elements; a plurality of gate bus lines and a plurality of data
bus lines, which are disposed on the liquid crystal display
panel and are connected to the picture elements; a display
controller which receives input of a video signal and outputs
a display signal; a gate driver which feeds a scan signal to
the plurality of gate bus lines in sequence; a data driver
which feeds a display signal to the plurality of data bus lines;
and a wiring replacement part which feeds signals, which are
outputted through the (4k+1)th, (4k+2)th, (4k+3)th, and
(4k+4)th output terminals of the data driver, to the (4k+1)th,
(4k+3)th, (4k+2)th, and (4k+4)th data bus lines, respectively
(where k denotes any natural number including 0).

[0054] Currently, almost all of driver ICs (integrated cir-
cuits) in general use are adapted either to apply voltages of
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opposite polarities to adjacent data bus lines or to apply a
voltage of the same polarity to all data bus lines. In the
invention, two data drivers are used. One data driver is used
to control the polarity of a display signal to be fed to an
odd-numbered data bus line, and the other data driver is used
to control the polarity of a display signal to be fed to an
even-numbered data bus line. The above-described driving
method, which is implemented by using these data drivers to
control the polarity of the display signal, permits the use of
any general-purpose driver IC, thus avoiding a rise in the
cost of manufacturing the liquid crystal display device.

[0055] Moreover, the liquid crystal display device
includes the wiring replacement part which feeds signals,
which are outputted through the (4k+1)th, (4k+2)th, (4k+
3)th, and (4k+4)th output terminals of the data driver, to the
(4k+1)th, (4k+3)th, (4k+2)th, and (4k+4)th data bus lines,
respectively. This permits the use of any general-purpose
driver IC, thus avoiding a rise in the cost of manufacturing
the liquid crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1 is a schematic illustration showing a con-
figuration of a conventional liquid crystal display device;

[0057] FIGS. 2A and 2B are schematic cross-sectional
views showing an example of an MVA liquid crystal display
device;

[0058] FIG. 3 is aschematic cross-sectional view showing
an example of a liquid crystal display device in which slits
are formed in a picture element electrode on a TFT substrate
s0 as to act as structures for defining domains;

[0059] FIG. 4 is a plan view showing one picture element
region of a conventional MVA liquid crystal display device;

[0060] FIG. 5 is a plot showing the transmittance (T)
versus applied voltage (V) characteristics of a screen as
viewed from the front and as viewed at an oblique angle of
60 degrees from above;

[0061] FIG. 6 is a plan view showing an example of the
conventional liquid crystal display device in which each
picture element is subdivided into a plurality of sub picture
clements;

[0062] FIGS. 7A and 7B are illustrations showing an
example of a conventional method of driving a liquid crystal
display device,

[0063] FIGS. 8A and 8B are illustrations showing another
example of the conventional method of driving a liquid
crystal display device;

[0064] FIGS. 9A and 9B are illustrations showing still
another example of the conventional method of driving a
liquid crystal display device;

[0065] FIG. 10 is a plot showing the relation between a
gray level difference between voltages V1 and V2 for
halftone display and brightness as viewed from any oblique
angle;

[0066] FIG. 11 is a plot showing the input gray level
versus output gray level characteristics of the voltages V1
and V2 required to obtain desired brightness;

[0067] FIGS. 12A to 12F are illustrations showing a
further example of the conventional method of driving a
liquid crystal display device;
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[0068] FIGS. 13A to 13F are illustrations showing a
further example of the conventional method of driving a
liquid crystal display device,

[0069] FIGS. 14A to 14F are illustrations showing a
further example of the conventional method of driving a
liquid crystal display device;

[0070] FIG. 15 is a block diagram showing the configu-
ration of a liquid crystal display device according to an
embodiment of the invention;

[0071] FIG. 16 is a plan view showing one picture ele-
ment region of a liquid crystal display panel of the embodi-
ment;

[0072] FIG. 17 is a schematic cross-sectional view taken
along the line I-I of FIG. 16;

[0073] FIGS. 18A and 18B illustrate bright and dark
display patterns for odd-numbered and even-numbered
frames, respectively;

[0074] FIGS. 19A, 19B, 19C, and 19D illustrate polarity
patterns for the (4m+1)th, (4m+2)th, (4m+3)th, and (4m+
4)th frames, respectively;

[0075] FIGS. 20A, 20B, 20C, and 20D illustrate bright
and dark display patterns combined with the polarity pat-
terns for the (4m+1)th, (4m+2)th, (4m+3)th, and (4m+4)th
frames, respectively;

[0076] FIG. 21 is a schematic illustration showing a liquid
crystal display device of a first modified embodiment;

[0077] FIG. 22 is a schematic illustration showing a liquid
crystal display device of a second modified embodiment;

[0078] FIGS. 23A and 23B are a plan view and a sche-
matic cross-sectional view, respectively, showing an
example of connections between metal wirings and data bus
lines;

[0079] FIGS. 24A and 24B are plan views showing
another example and still another example, respectively, of
connections between the metal wirings and the data bus
lines; and

[0080] FIGS. 25A and 25B are schematic illustrations
showing the position of a terminal replacement part in a
liquid crystal display device having repair wirings.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0081] Embodiments of the invention will be described
below with reference to the drawings.

[0082]

Device]

[0083] FIG. 15 is a block diagram showing the configu-
ration of a liquid crystal display device according to an
embodiment of the invention.

[0084] A liquid crystal display device 100 of the embodi-
ment comprises a timing controller 101, a polarity pattern
generator 102, a bright and dark display pattern generator
103, a liquid crystal display controller 104, a data driver 105,
a gate driver 106, and a liquid crystal display panel 107. The
liquid crystal display device 100 receives input of a video

[General Configuration of Liquid Crystal Display
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signal and a control signal from an external apparatus (not
shown) such as a personal computer.

[0085] The liquid crystal display panel 107 has a matrix of
a plurality of picture elements. Each picture element com-
prises a TFT (thin film transistor) 117, and a display cell 125
(or a liquid crystal cell) and an auxiliary capacitor 126 which
are connected to a source electrode of the TFT 117. The
display cell 125 comprises a picture element electrode, a
common electrode, liquid crystal between the electrodes,
and a pair of sheet polarizers, which will be described later.
The auxiliary capacitor 126 comprises an auxiliary capaci-
tance bus line, an auxiliary capacitance electrode, and an
insulating film between them, which will be described later.

[0086] A plurality of gate bus lines 112 extending hori-
zontally and a plurality of data bus lines 118 extending
vertically are disposed on the liquid crystal display panel
107. Gate electrodes of the TFTs 117 of a horizontal arrange-
ment of picture elements are connected to one and the same
gate bus line 112. Drain electrodes of the TFTs 117 of a
vertical arrangement of picture elements are connected to
one and the same data bus line 118.

[0087] Upon receipt of input of the control signal from the
external apparatus, the timing controller 101 generates a
timing signal for polarity pattern generation, a timing signal
for bright and dark display pattern generation, and a timing
signal for gate driver in accordance with the control signal.
The timing controller 101 outputs the timing signals to the
polarity pattern generator 102, the bright and dark display
pattern generator 103, and the gate driver 106.

[0088] Upon receipt of input of the timing signal from the
timing controller 101, the polarity pattern generator 102
generates a signal indicative of a polarity pattern (to be
described later) in accordance with the timing signal. The
polarity pattern generator 102 outputs the generated signal to
the liquid crystal display controller 104. Upon receipt of
input of the timing signal from the timing controller 101, the
bright and dark display pattern generator 103 generates a
signal indicative of a bright and dark display pattern (to be
described later) in accordance with the timing signal. The
bright and dark display pattern generator 103 outputs the
generated signal to the liquid crystal display controller 104.

[0089] Upon receipt of input of the video signal from the
external apparatus, the liquid crystal display controller 104
outputs a display signal to the data driver 105. In this case,
the liquid crystal display controller 104 determines the
voltage and polarity of the display signal for each data bus
line 118 in accordance with the video signal and the input
signals from the polarity pattern generator 102 and the bright
and dark display pattern generator 103.

[0090] Upon receipt of input of the digital display signal
from the liquid crystal display controller 104, the data driver
105 converts the digital display signal into an analog display
signal. The data driver 105 outputs the analog display signal
to each data bus line 118 in accordance with predetermined
timing.

[0091] Upon receipt of input of the timing signal from the
timing controller 101, the gate driver 106 outputs a scan
signal to the gate bus lines 112 in sequence within a vertical
synchronization interval in accordance with the timing sig-
nal. When the gate bus line 112 receives the scan signal, the
TFT 117 connected to the gate bus line 112 is turned on, so
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that the display signal fed to the data bus line 118 is written
in the display cell 125. Thus, liquid crystal molecules of the
display cell 125 are tilted at an angle according to the display
signal, so that the light transmittance of the display cell 125
is changed. The control of light transmittance for each
display cell 125 makes it possible to display a desired image
on the liquid crystal display panel 107.

[0092] [Liquid Crystal Display Panel]

[0093] FIG. 16 is a plan view showing a picture element
of the liquid crystal display panel 107. FIG. 17 is a sche-
matic cross-sectional view taken along the line I-I of FIG.
16.

[0094] As shown in FIGS. 16 and 17, the liquid crystal
display panel 107 comprises a TFT substrate 110, an oppo-
site substrate 130, and vertical alignment liquid crystal 140
(i.e., liquid crystal having negative anisotropy of dielectric
constant) sealed in between the TFT substrate 110 and the
opposite substrate 130.

[0095] A plurality of gate bus lines 112 extending hori-
zontally (i.e., along the X-axis) and a plurality of data bus
lines 118 extending vertically (ie., along the Y-axis), as
mentioned above, are disposed on a glass substrate 111
which forms a base of the TFT substrate 110. The gate bus
lines 112 and the data bus lines 118 partition the glass
substrate 111 into rectangular regions, which are picture
element regions. Auxiliary capacitance bus lines 113, which
are disposed parallel to the gate bus lines 112 and cross the
picture element regions, are formed on the glass substrate
111.

[0096] A TFT 117, a picture element electrode 121 made
of a transparent conductor such as ITO (Indium-Tin Oxide),
and an auxiliary capacitance electrode 119 are formed in
each picture element region. In the embodiment, the TFT
117 uses a part of the gate bus line 112 as a gate electrode.
A drain electrode 117d of the TFT 117 is connected to the
data bus line 118, and a source electrode 117s of the TFT 117
is located opposite to the drain electrode 117d with the gate
bus line 112 in-between.

[0097] The picture element electrode 121 is electrically
connected to the source electrode 117s of the TFT 117 and
the auxiliary capacitance electrode 119 via contact holes
120a and 120b. Slits 121a extending obliquely are sym-
metrically formed in the picture element electrode 121 so as
to act as structures for defining domains. Bank-shaped
projections 135 made of a dielectric resin or the like are
formed on the opposite substrate 130 so as to act as
structures for defining domains.

[0098] The description will be given below with reference
to FIG. 17 with regard to the laminar structure of the TFT
substrate 110 and the opposite substrate 130.

[0099] The gate bus line 112 and the auxiliary capacitance
bus line 113 are formed on the glass substrate 111 which
forms the base of the TFT substrate 110. A metal film (or a
first metal film), such as a Cr (chromium) film or an Al-Ti
film having a stacked structure comprising Al (aluminum)
and Ti (titanium), is subjected to patterning using photoli-
thography to form the gate bus line 112 and the auxiliary
capacitance bus line 113.

[0100] The gate bus line 112 and the auxiliary capacitance
bus line 113 are coated with a first insulating film 114 (or a
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gate insulating film) which is formed on the glass substrate
111 and made of SiO,, SiN, or the like. A silicon film 115
(e.g., an amorphous silicon film or a polycrystalline silicon
film), which forms an active layer of the TFT 117, is formed
on the first insulating film 114 in a predetermined region.

[0101] A channel protective film 116 made of SiN or the
like is formed on the silicon film 115. The source electrode
117s and the drain electrode 117d of the TFT 117 are formed
on both sides of the channel protective film 116. The drain
electrode 117d is connected to the data bus line 118, as
mentioned above. The auxiliary capacitance electrode 119 is
formed opposite to the auxiliary capacitance bus line 113
with the first insulating film 114 in-between. A metal film (or
a second metal film) having a three-layer Ti—Al—Ti struc-
ture, for example, is subjected to patterning using photoli-
thography to form the source electrode 117s, the drain
electrode 1174, the data bus line 118, and the auxiliary
capacitance electrode 119.

[0102] The source electrode 117s, the drain electrode
1174, the data bus line 118, and the auxiliary capacitance
electrode 119 are coated with a second insulating film 120
made of SiO,, SiN, or the like. The picture element electrode
121 is formed on the second insulating film 120. The slits
1214 extending obliquely are formed in the picture element
electrode 121 so as to act as the structures for defining
domains, as mentioned above. The picture element electrode
121 is electrically connected to the source electrode 1175
and the auxiliary capacitance electrode 119 via the contact
holes 1204 and 120b formed in the second insulating film
120.

[0103] A transparent conductor film made of ITO or the
like is formed on the second insulating film 120 and then
subjected to patterning using photolithography to form the
picture element electrode 121. The surface of the picture
element electrode 121 is coated with a vertical alignment
film (not shown) made of polyimide or the like.

[0104] A black matrix 132 (or a light shield film), a color
filter 133, a common electrode 134, and a bank-shaped
projection 135 for defining domains are formed on one
surface (e.g., a bottom surface as shown in FIG. 17) of a
glass substrate 131 which forms a base of the opposite
substrate 130.

[0105] The black matrix 132 is located opposite to the gate
bus line 112, the data bus line 118, the auxiliary capacitance
bus line 113, and the TET 117 on the TET substrate 110, The
color filters 133 are of three types: red, green, and blue.
Either the red, green or blue color filter is provided for each
picture element region. A pixel is composed of three picture
elements, namely, red, green and blue picture elements,
which are located adjacent to each other. This makes it
possible to display various colors.

[0106] The common electrode 134 is made of a transpar-
ent conductor such as ITO and is formed on the color filter
133 (e.g., a bottom surface thereof as shown in FIG. 17).
The bank-shaped projections 135 made of a dielectric resin
or the like are formed on the common electrode 134 (e.g., a
bottom surface thereof as shown in FIG. 17) so as to act as
the structures for defining domains, as mentioned above. As
shown in FIG. 16, the projections 135 are displaced
obliquely relative to the slits 121a in the picture element
electrode 121 on the TFT substrate 110. The surfaces of the
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common electrode 134 and the projections 135 are coated
with a vertical alignment film (not shown) made of poly-
imide or the like.

[0107] Although not shown in FIG. 17, a first sheet
polarizer and a backlight are disposed on a bottom surface
of the TFT substrate 110, and a second sheet polarizer is
disposed on a top surface of the opposite substrate 130.

[0108] [Driving Method]

[0109] FIGS. 18A and 18B illustrate bright and dark
display patterns for odd-numbered and even-numbered
frames, respectively. FIGS. 19A, 19B, 19C, and 19D illus-
trate polarity patterns for the (4m+1)th, (4m+2)th, (4m+3)th,
and (4m+4)th frames, respectively (where m denotes any
natural number including 0). FIGS. 20A, 20B, 20C, and
20D illustrate bright and dark display patterns combined
with the polarity patterns for the (4m+1)th, (4m+2)th, (4m+
3)th, and (4m+4)th frames, respectively.

[0110] In the embodiment, a combination of a bright and
dark display pattern with transverse 1-dot inversion and
longitudinal 1-dot inversion and a polarity pattern with
transverse 2-dot inversion and longitudinal 2-dot inversion
is used to drive the liquid crystal display panel 107, as shown
in FIGS. 18A and 18B and FIGS. 19A to 19D. Specifically,
bright display picture elements alternate with dark display
picture elements in the horizontal and vertical directions,
and moreover, picture elements of positive polarity and
picture elements of negative polarity are arranged in the
horizontal and vertical directions so that the polarity changes
every two picture elements. As shown in FIGS. 20A to 20D,
the combination of the bright and dark display pattern and
the polarity pattern is changed for each frame, and a cycle
is composed of four frames.

[0111] The voltage of a display signal to be fed to each
bright display picture element is set so that the gray level of
the display signal is higher than the gray level of a video
signal from the external apparatus. The voltage of a display
signal to be fed to each dark display picture element is set
so that the gray level of the display signal is lower than the
gray level of the video signal. It should be noted that bright
display and dark display must alternate with each other so
that the substantial gray level is equal to the gray level of the
video signal. In the embodiment, a gray level difference
between bright display and dark display is set according to
the gray level of the video signal (or input signal), for
example as shown in FIG. 11.

[0112] When the liquid crystal display panel 107 is driven
in this manner, the bright display picture elements alternate
with the dark display picture elements as shown in FIGS.
20A to 20D. Thus, visual recognition cannot be made to
distinguish between the bright display picture elements and
the dark display picture elements, so that a coarse screen is
avoided. Moreover, the positive-polarity dark display pic-
ture element, the positive-polarity bright display picture
element, the negative-polarity dark display picture element,
and the negative-polarity bright display picture element are
arranged in sequence in the horizontal and vertical direc-
tions, and therefore, flicker is avoided from occurring in
each line and on the overall liquid crystal display panel.

[0113] Furthermore, from the viewpoint of each picture
element, the display state is changed for each frame so that
the picture element undergoes positive-polarity dark display,
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then positive-polarity bright display, then negative-polarity
dark display, and then negative-polarity bright display. This
prevents a direct-current component from remaining in the
liquid crystal, thus avoiding the occurrence of burn-in.

[0114] Furthermore, a large gray level difference between
bright display picture elements and dark display picture
elements can be set (see FIG. 11). This allows improving
viewing angle characteristics, thus preventing the occur-
rence of a phenomenon in which the screen becomes whitish
when viewed from any oblique angle (i.c., washing out).

[First Modified Embodiment]

[0115] Adriver IC (integrated circuit), which is adapted to
reverse the polarity every two data bus lines 118, is neces-
sary in order to implement a driving method as shown in
FIGS. 20A to 20D. However, almost all of driver ICs in
current use are adapted either to apply voltages of opposite
polarities to adjacent data bus lines or to apply a voltage of
the same polarity to all data bus lines. A driver IC may be
newly designed to generate the polarity patterns as shown in
FIGS. 20A to 20D. In this case, the driver IC, however,
cannot be used for general purposes, and thus leads to a rise
in the cost of manufacturing the liquid crystal display
device.

[0116] A first modified embodiment uses a general-pur-
pose driver IC which is conventionally used. Specifically,
driver ICs 151 and 152 are disposed over and under the
liquid crystal display panel 107, respectively, as shown in
FIG. 21. The upper driver IC 151 is used to drive odd-
numbered data bus lines 118, and the lower driver IC 152 is
used to drive even-numbered data bus lines 118. The driver
ICs 151 and 152 are used to generate the bright and dark
display patterns and the polarity patterns as shown in FIGS.
20A to 20D, which are used to drive the liquid crystal
display panel 107.

[0117] This permits the use of any currently available
general-purpose driver IC, thus avoiding a rise in the cost of
manufacturing the liquid crystal display device.

Second Modified Embodiment

[0118] FIG. 22 is a schematic illustration showing a liquid
crystal display device according to a second modified
embodiment. In the second modified embodiment, a general-
purpose driver IC 153 is also used. In the second modified
embodiment, the horizontally arranged data bus lines 118
are divided into groups of four, starting at the leftmost end.
The second ((4k+2)th) data bus line 118 from the left, which
belongs to each group, crosses and is connected to the third
((4k+3)th) metal wiring 161 (where k denotes any natural
number including 0). More specifically, the (4k+1)th, (4k+
2th, (4k+3)th, and (4k+4)th metal wirings 161 are con-
nected to the (4k+1)th, (4k+3)th, (4k+2)th, and (4k+4)th
data bus lines 118, respectively. When the metal wirings
arranged in sequence are connected to the data bus lines
arranged in sequence, the metal wiring and the data bus line
having different numbers are connected as mentioned above.
Hereinafter, this connection is referred to as “wiring replace-
ment”.

[0119] Thus, any general-purpose driver IC which is com-
mercially available at present can be used to generate the
bright and dark display patterns with transverse 1-dot inver-
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sion and longitudinal 1-dot inversion and the polarity pat-
terns with transverse 2-dot inversion and longitudinal 2-dot
inversion as shown in FIGS. 20A to 20D, which are used to
drive the liquid crystal display panel 107.

[0120] FIGS. 23A and 23B are a plan view and a sche-
matic cross-sectional view, respectively, showing an
example of connections between the wirings and the data
bus lines close to the driver IC. In this example, the metal
wiring 161 connected to an output terminal of the driver IC
is formed in the same layer (i.e., the first metal film) as the
gate bus line 112. ITO wirings 165, which are formed
simultancously with the picture element electrode, are used
to electrically connect the (4k+1)th, (4k+2)th, (4k+3)th, and
(4k+4)th metal wirings 161 to the (4k+1)th, (4k+3)th, (4k+
2)th, and (4k+4)th data bus lines 118, respectively. In this
case, as shown in FIG. 23A, the (4k+2)th metal wiring 161
and the (4k+2)th data bus line 118 cross each other when
viewed from above.

[0121] FIG. 24A is a plan view showing another example
of connections between the metal wirings 161 and the data
bus lines 118. In this example, the ITO wirings 165 are
arranged horizontally. The (4k+2)th metal wiring 161 close
to the driver IC is connected to the (4k+3)th ITO wiring 165.
The (4k+3)th metal wiring 161 goes around the (4k+3)th
ITO wiring 165, passes under the end of the (4k+3)th data
bus line 118, and is connected to the (4k+2)th ITO wiring
165.

[0122] FIG. 24B is a plan view showing still another
example of connections between the metal wirings 161 and
the data bus lines 118. In this example, the ITO wiring 165,
which connects the (4k+3)th metal wiring 161 to the (4k+
2)th data bus line 118, extends obliquely. The (4k+2)th metal
wiring 161 passes under this ITO wiring 165 and is con-
nected to the (4k+3)th data bus line 118.

[0123] FIGS. 23A and 23B and FIGS. 24A and 24B
show the examples in which the metal wirings 161 and the
ITO wirings 165 formed on the TFT substrate are used for
wiring replacement. However, a flexible printed wiring
board, which connects the driver IC to the liquid crystal
display panel 107, may be used for wiring replacement.

[0124] When wiring replacement takes place as described
above, the original signal order is different from the signal
order in the liquid crystal display panel. For instance, the
driver IC is used to perform replacement of display signals
therein, thereby enabling excellent display. For example,
when data of three RGB picture elements is received in one
clock, data of twelve picture elements is inputted in four
clocks. In this case, there is a need for the replacement
process which involves replacing the second and third
display signals with each other, replacing the sixth and
seventh display signals with each other, and replacing the
tenth and eleventh display signals with each other, as given
below. RGB, RGB, RGB, RGB, . . . RBG, RGR, BGB,
GRB, ...

[0125] Typically, the liquid crystal display panel is pro-
vided with repair wirings which can provide connection
between the upper and lower portions of the data bus line in
order to remedy the panel when trouble such as disconnec-
tion occurs in the data bus line. In the liquid crystal display
panel including the repair wirings, it is preferable that a
terminal replacement part 171 be disposed in a region close
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to the driver IC (e.g., on the upper side in FIG. 25A) rather
than a repair wiring 175, as schematically shown in FIG.
25A. When the terminal replacement parts are disposed
between the repair wirings and a display part, it is preferable
that the terminal replacement parts 171 be located between
the upper repair wiring 175 and the display part and between
the lower repair wiring 175 and the display part, as sche-
matically shown in FIG. 25B. This facilitates the correspon-
dence between the upper and lower repair parts.

What is claimed is:

1. A method of driving a liquid crystal display device
including a plurality of picture elements arranged in hori-
zontal and vertical directions, and a display signal feeding
part which receives input of a video signal and feeds a
display signal to each of the plurality of picture elements,

wherein the display signal feeding part determines the
gray level and polarity of a display signal to be fed to
each picture element in accordance with a bright and
dark display pattern and a polarity pattern; the bright
and dark display pattern indicates the arrangement of
bright display picture elements, each of which under-
goes bright display through the supply of a first display
signal having a higher gray level than the gray level of
the video signal, and dark display picture elements,
each of which undergoes dark display through the
supply of a second display signal having a lower gray
level than the gray level of the video signal; and the
polarity pattern indicates the arrangement of positive-
polarity picture elements, each of which receives the
supply of a display signal of positive polarity, and
negative-polarity picture elements, each of which
receives the supply of a display signal of negative
polarity;

in the bright and dark display pattern, the bright display
picture elements and the dark display picture elements
alternate with each other every one picture element in
the horizontal and vertical directions; and

in the polarity pattern, the positive-polarity picture ele-
ments and the negative-polarity picture elements alter-
nate with each other every (2xn) picture elements in the
horizontal and vertical directions (where n denotes any
integer exceeding 0 (n>0)).

2. The method of driving a liquid crystal display device
according to claim 1, wherein the bright display picture
elements and the dark display picture elements are replaced
with each other for each frame.

3. The method of driving a liquid crystal display device
according to claim 1, wherein the positive-polarity picture
elements and the negative-polarity picture elements are
replaced with each other for each frame.

4. The method of driving a liquid crystal display device
according to claim 1, wherein a display state is changed in
a predetermined sequence every (2xn) frames so that each of
the plurality of picture elements enters four states: positive-
polarity bright display, positive-polarity dark display, nega-
tive-polarity bright display, and negative-polarity dark dis-
play (where n denotes any integer exceeding 0 (n>0)).

5. The method of driving a liquid crystal display device
according to claim 1, wherein a difference between the gray
level of the first display signal and the gray level of the
second display signal is determined according to the gray
level of the video signal.
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6. The method of driving a liquid crystal display device
according to claim 1, wherein the picture elements comprise
a picture element electrode, an opposite electrode, and
vertical alignment liquid crystal between the picture element
electrode and the opposite electrode.

7. A liquid crystal display device comprising:

a liquid crystal display panel having an arrangement of a
plurality of picture elements;

a plurality of gate bus lines and a plurality of data bus
lines, which are disposed on the liquid crystal display
panel and are connected to the picture elements;

a display controller which receives input of a video signal
and outputs a display signal,

a gate driver which feeds a scan signal to the plurality of
gate bus lines in sequence;

a first data driver which feeds a display signal to odd-
numbered data bus lines; and

a second data driver which feeds a display signal to
even-numbered data bus lines;

wherein the display controller feeds display signals,
which have different polarities every two picture ele-
ments and have different gray levels every one picture
element, to the plurality of picture elements through the
first and second data drivers.

8. The liquid crystal display device according to claim 7,
wherein one of display signals, which are fed to picture
elements located horizontally and vertically adjacent to each
other, has a higher gray level than the gray level of the video
signal, and the other display signal has a lower gray level
than the gray level of the video signal.

9. The liquid crystal display device according to claim 7,
wherein the picture elements each comprise a picture ele-
ment electrode, an opposite electrode, and vertical alignment
liquid crystal between the picture element electrode and the
opposite electrode.

10. The liquid crystal display device according to claim 7,
wherein the first and second data drivers are located with a
display part of the liquid crystal display panel therebetween.

11. A liquid crystal display device comprising:

a liquid crystal display panel having an arrangement of a
plurality of picture elements;

a plurality of gate bus lines and a plurality of data bus
lines, which are disposed on the liquid crystal display
panel and are connected to the picture elements;

a display controller which receives input of a video signal
and outputs a display signal,

a gate driver which feeds a scan signal to the plurality of
gate bus lines in sequence;

a data driver which feeds a display signal to the plurality
of data bus lines; and

a wiring replacement part which feeds signals, which are
outputted through the (4k+1)th, (4k+2)th, (4k+3)th, and
(4k+4)th output terminals of the data driver, to the
(4k+1)th, (4k+3)th, (4k+2)th, and (4k+4)th data bus
lines, respectively (where k denotes any natural number
including 0).
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12. The liquid crystal display device according to claim
11, wherein a wiring connected to the output terminal of the
data driver is formed in the same layer as the gate bus line,
and the wiring replacement part is made of a transparent
conductor wiring formed in the same layer as a picture
element electrode of the picture element.

13. The liquid crystal display device according to claim 11
including a repair wiring which can provide electrical con-
nection between both ends of the data bus line, wherein the
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wiring replacement part is disposed between the output
terminal of the data driver and the repair wiring.

14. The liquid crystal display device according to claim
11, wherein the picture elements each comprise a picture
element electrode, an opposite electrode, and vertical align-
ment liquid crystal between the picture element electrode
and the opposite electrode.

[ T R T
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