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7) ABSTRACT

A liquid crystal display includes a first TFT for controlling
a supply of a display signal to a pixel electrode, a second
TFT connected to the first TFT, and a third TFT connected
to a data line. The third TFT controls the supply of a display
signal to the pixel electrode. The second and third TFTs are
connected to a gate line Gn+1, and the first TFT is connected
to a gate line Gn+2.
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IMAGE DISPLAY DEVICE AND METHOD
THEREOF

BACKGROUND OF INVENTION

[0001] The present invention relates to a technology that
contributes to the achievement of high definition of an image
display apparatus, particularly a liquid crystal display appa-
ratus.

[0002] A high resolution of a display that showed a slow
progress in a CRT display has been achieved with an
introduction of a new technology including a liquid crystal.
Namely, high-definition imaging in a liquid crystal display
apparatus can be achieved relatively easily by microprocess-
ing, compared to that in a CRT display.

[0003] As the liquid crystal display apparatus, an active
matrix type liquid crystal display apparatus using a thin film
transistor (hereinafter referred to as a TFT) as a switching
element has been known. The active matrix type liquid
crystal display apparatus has a structure that scanning lines
and signal lines are arrayed on a TFT array substrate in a
matrix fashion, a TFT is arranged in each intersection point
of the scanning lines and the signal lines on the TFT array
substrate, and a liquid crystal material is sealed between the
TFT array substrate and an opposite substrate disposed with
a predetermined space therebetween. The liquid crystal
display apparatus controls a voltage applied to the liquid
crystal material by the use of the TFT, thus making it
possible to display an image by utilizing an electro-optic
effect of liquid crystal.

[0004] FIG. 27 shows an equivalent circuit diagram of the
TFT array substrate. As shown in FIG. 27, the signal lines
30 and the scanning lines 40 are arrayed in a matrix fashion,
and an area surrounded by each signal line 30 and each
scanning line 40 forms a unit pixel. The unit pixel comprises
a pixel electrode 20 and a TFT 10 connected thereto.

[0005] The following problems are posed as the number of
the pixels increases with an advanced definition of the active
matrix type liquid crystal display apparatus. Specifically,
with the increase in the number of the pixels, the number of
the signal lines and the scanning lines becomes larger, and
the number of driver ICs becomes vast, resulting in an
increase of cost. Furthermore, an electrode pitch between
signal lines on an array substrate for connecting a driver IC
thereto becomes small, so that a connection of the driver IC
to the signal line is difficult and a yield of a connection
operation is lowered.

[0006] To solve such a problem, many proposals have
been made in which the number of the driver ICs required
is reduced and a pitch of connection terminals is made large
by time-divisionally applying a potential from one signal
line to two pixels which are adjacent to each other. For
example, these proposals are disclosed in Japanese Patent
Laid-Open Gazettes No.138851/1994, No.148680/1994,
No.2837/1 999, No.265045/1993, No.188395/1993 and
No0.303114/1993.

[0007] Among these gazeties, in Japanese Patent Laid-
Open Gazette No.138851/1 994, disclosed is a structure in
which a multiplexer circuit is provided outside a pixel
matrix, and a potential is supplied from one data driver
output to a plurality of signal lines.
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[0008] In Japanese Patent Laid-Open Gazette No.148680/
1994, the following proposal is made. Specifically, in a
matrix panel composed of pixels in N rows and M columns,
drain electrodes of t TFTs (t: any integer) adjacent to each
other for each row and each column are connected together
to be formed by one signal line, and t signal lines are formed
for each row so that each of the TFTs connected collectively
can be controlled independently.

[0009] In Japanese Patent Laid-Open Gazette No.2837/
1999, the following proposal is made. Specifically, two
scanning lines are provided so as to be allocated to one row
of pixels, and one signal line is provided so as to be allocated
to two columns of pixels. A common line connected to a
common electrode is provided. A pixel array is arranged,
which has a first group of pixels driven via a TFT selected
by one of the two scanning lines and a second group of
pixels driven via a TFT selected by the other scanning line,
and the first and second groups of pixels share a part of the
common electrode.

[0010] However, according to the proposal of Japanese
Patent Laid-Open Gazette No.138851/1994, there is a prob-
lem that since TFTs used for the multiplexer circuit allow
respective liquid crystal capacitors of the signal lines to store
charges therein within a predetermined time as short as
several microseconds to several tens of microseconds, the
multiplexer circuit becomes enormous, resulting in a
decrease in a manufacturing yield. According to the propos-
als of Japanese Patent Laid-Open gazettes No.148680/1994
and No.2837/1999, there is a problem that though the
enormous multiplxer circuit is unnecessary, the number of
the gate driver outputs and the number of the scanning lines
are doubled.

[0011] Contrary to these proposals, the proposals dis-
closed in Japanese Patent Laid-Open Gazette No.265045/
1993, No0.188395/1993 and No0.303114/1993 do not have the
above-described problems. One of the proposals disclosed in
Japanese Patent Laid-Open Gazette No.265045/1993 is
shown in FIG. 28. A structure that two pixels are connected
to one signal line via TFTs P1 to P3 is disclosed. Accord-
ingly, since the number of the signal lines may be a half of
the conventional one, the number of the outputs of the data
driver can be made to be a half of the conventional one.
However, information notifying that this technology has
been put to practical use is not obtained until now.

SUMMARY OF INVENTION

[0012] Accordingly, the subject of the present invention is
to provide an image display device capable of reducing the
number of signal lines by half of the conventional one
without presence of an enormous multiplexer or without
increasing the number of scanning lines.

[0013] An image display device of a first aspect of the
present invention comprises: a plurality of signal lines for
supplying a display signal; a plurality of scanning lines for
supplying a scanning signal; first and second pixel elec-
trodes supplied with the display signal from a predetermined
signal line; a first switching element arranged between the
predetermined signal line and the first pixel electrode, the
first switching element having a gate electrode for control-
ling supply of the display signal; a second switching element
arranged between the gate electrode of the first switching
element and a predetermined scanning line; and a third
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switching element connected to the predetermined signal
line, the third switching element being for controlling supply
of the display signal to the second pixel electrode.

[0014] An image display device of a second aspect of the
present invention comprises: a signal line for supplying a
display signal; first and second pixel electrodes arranged so
as to interpose the signal line therebetween; a first switching
element connected to the signal line, the first switching
element being for controlling supply of the display signal to
the first pixel electrode; a second switching element con-
nected to the first switching element; a third switching
element connected to the signal line, the third switching
element being for controlling supply of the display signals to
the second pixel electrode; a first scanning line for supplying
a scanning signal to the second and third switching ele-
ments; and a second scanning line for supplying a scanning
signal to the first switching element.

[0015] An image display device of a third aspect of the
present invention, in which a plurality of signal lines for
supplying display signals and a plurality of scanning lines
for supplying scanning signals are arrayed in a matrix
fashion, comprises: first and second pixel electrodes
arranged between a n-th scanning line and a (n+1)-th scan-
ning line (n: positive integer), the first and second pixel
electrodes being supplied with a display signal from a
specified signal line; a first switching mechanism for per-
mitting the display signal to pass to the first pixel electrode
when the (n+1)-th scanning line and a (n+m)-th scanning
line (m: integer excluding 0 and 1) are simultancously being
selected; and a second switching mechanism for permitting
the display signal to pass to the second pixel electrode when
the (n+1)-th scanning line is being selected.

[0016] An image display device of a fourth aspect of the
present invention comprises: a plurality of signal lines for
supplying display signals; a plurality of scanning lines for
supplying scanning signals; a first pixel electrode arranged
between a n-th scanning line (n: positive integer) and a
(o+1)-th scanning line, the first pixel electrode being con-
nected to a specified signal line; and a second pixel electrode
connected to the specified signal line, wherein the first pixel
electrode is driven by a first scanning signal from the
(0+1)-th scanning line and a second scanning signal from a
(n+m)-th scanning line (m: integer excluding O and 1), and
the second pixel electrode is driven by a scanning signal
from the (n+1)-th scanning line.

[0017] The present invention provides the following
image display apparatuses using the image display device of
the present invention. An image display apparatus of the
present invention, which arrays pixels in a matrix fashion
composed of M rows and N columns (M and N: arbitrary
positive integer) to form an image display section, com-
prises: a signal line driving circuit for supplying display
signals; a scanning line driving circuit for supplying scan-
ning signals; a plurality of signal lines extending from the
signal line driving circuit; a plurality of scanning lines
extending from the scanning line driving circuit; first and
second pixel electrodes arranged between a n-th scanning
line (n: positive integer equal to N or less) and a (n+1)-th
scanning line so as to be adjacent to each other with a
specified signal line interposed therebetween; a first switch-
ing element driven by a scanning signal from a (n+2)-th
scanning line, the first switching element being for control-
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ling supply of a display signal from the specified signal line
to the first pixel electrode; a second switching element
driven by a scanning signal from the (n+1)-th scanning line,
the second switching element being for controlling turning
ON/OFF of the first switching element; and a third switching
element driven by a scanning signal from the (n+1)-th
scanning line, the third switching element being for control-
ling supply of a display signal from the specified signal line
to the second pixel electrode.

[0018] An image display apparatus of the present inven-
tion, which arrays pixels in a matrix fashion composed of M
rows and N columns (M and N: arbitrary positive integer) to
form an image display section, comprises: a signal line
driving circuit for supplying display signals; a scanning line
driving circuit for supplying scanning signals; a plurality of
signal lines extending from the signal line driving circuit; a
plurality of scanning lines extending from the scanning line
driving circuit; first and second pixel electrodes arranged
between a n-th scanning line (n: positive integer equal to N
or less) and a (n+1)-th scanning line so as to be adjacent to
each other with a specified signal line interposed therebe-
tween; a first switching element driven by a scanning signal
from the (n+1)-th scanning line, the first switching element
being for controlling supply of a display signal from the
specified signal line to the first pixel electrode; a second
switching element driven by a scanning signal from a
(n+2)-th scanning line, the second switching clement being
arranged between the first switching element and the first
pixel electrode; and a third switching element driven by the
scanning signal from the (n+1)-th scanning line, the third
switching element being for controlling supply of the dis-
play signal from the specified signal line to the second pixel
electrode.

[0019] The present invention was described on condition
that the two pixel electrodes share one signal line. However,
the present invention is not limited to the case where the two
pixel electrodes share one signal line. The scope of the
present invention should be construed as that at least two
pixel electrodes share one signal line, and the present
invention can be also constituted such that three or more
pixel electrodes can shared by one signal line.

[0020] Specifically, the present invention provides an
image display apparatus, which arrays pixels in a matrix
fashion composed of M rows and N columns (M and N:
arbitrary positive integer) to form an image display section,
comprises: a signal line driving circuit for supplying display
signals; a scanning line driving circuit for supplying scan-
ning signals; a plurality of signal lines extending from the
signal line driving circuit; a plurality of scanning lines
extending from the scanning line driving circuit; first, sec-
ond and third pixel electrodes arranged between a n-th
scanning line (n: positive integer equal to N or less) and a
(n+1)-th scanning line, the first, second and third pixel
electrodes being supplied with a display signal from a
specified signal line; a first switching element driven by a
scanning signal from a (n+3)-th scanning line, the first
switching element being for controlling supply of the dis-
play signal from the specified signal line to the first pixel
electrode; a second switching element driven by a scanning
signal from the (n+1)-th scanning line, the second switching
element being for controlling turning ON/OFF of the first
switching element; a third switching element driven by the
scanning signal from the (n+1)-th scanning line, the third
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switching element being for controlling supply of the dis-
play signal from the specified signal line to the second pixel
electrode; a fourth switching element driven by a scanning
signal from a (n+2)-th scanning line, the fourth switching
element being for controlling supply of the display signal
from the specified signal line to the third pixel electrode; and
a fifth switching element driven by the scanning signal from
the (n+1)-th scanning line, the fifth switching element being
for controlling turning ON/OFF of the fourth switching
element.

[0021] The image display apparatus of the present inven-
tion described above is characterized in that each of the pixel
electrodes is driven by the scanning signal supplied from
each of the different scanning lines. Accordingly, the present
invention provides an image display apparatus, which arrays
pixels in a matrix fashion composed of M rows and N
columns (M and N: arbitrary positive integer) to form an
image display section, comprises: a signal line driving
circuit for supplying display signals; a scanning line driving
circuit for supplying scanning signals; a plurality of signal
lines extending from the signal line driving circuit; a plu-
rality of scanning lines extending from the scanning line
driving circuit; and first, second and third pixel electrodes
arranged on the same display line, the first, second and third
pixel electrodes being supplied with display signals from a
specified signal line, wherein the first, second and third pixel
electrodes are driven by scanning signals from the different
scanning lines.

[0022] Furthermore, the present invention provides an
image display apparatus, which arrays pixels in a matrix
fashion composed of M rows and N columns (M and N:
arbitrary positive integer) to form an image display section,
comprises: a signal line driving circuit for supplying display
signals; a scanning line driving circuit for supplying scan-
ning signals; a plurality of signal lines extending from the
signal line driving circuit; a plurality of scanning lines
extending from the scanning line driving circuit; first and
second pixel electrodes arranged between a n-th scanning
line (n: positive integer equal to N or less) and a (n+1)-th
scanning line so as to be adjacent to each other with a
specified signal line interposed therebetween; a first switch-
ing element driven by a scanning signal from the (n+1)-th
scanning line, the first switching element being for control-
ling supply of a display signal from the specified signal line
to the first pixel electrode; a second switching element
driven by a scanning signal from the n-th scanning line, the
second switching element being for controlling turning
ON/OFF of the first switching element; and a third switching
element driven by a scanning signal from the n-th scanning
line, the third switching element being for controlling supply
of the display signal from the specified signal line to the
second pixel electrode.

[0023] Furthermore, the present invention provides an
image display apparatus, which arrays pixels in a matrix
fashion composed of M rows and N columns (M and N:
arbitrary positive integer) to form an image display section,
comprises: a signal line driving circuit for supplying a
display signal; a scanning line driving circuit for supplying
a scanning signal; a plurality of signal lines extending from
the signal line driving circuit; a plurality of scanning lines
extending from the scanning line driving circuit; first and
second pixel electrodes arranged between a n-th scanning
line (n: positive integer equal to N or less) and a (n+1)-th
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scanning line so as to be adjacent to each other with a
specified signal line interposed therebetween; a first switch-
ing element driven by a scanning signal from the (n+2)-th
scanning line, the first switching element being for control-
ling supply of a display signal from the specified signal line
to the first pixel electrode; a second switching element
driven by a scanning signal from the (n+1)-th scanning line,
the second switching element being for controlling turning
ON/OFF of the first switching element; a third switching
element driven by the scanning signal from the (n+1)-th
scanning line, the third switching element being for control-
ling a supply of the display signal from the specified signal
line to the second pixel electrode; a fourth switching element
driven by the scanning signal from the (n+2)-th scanning
line, the fourth switching element being for controlling
turning ON/OFF of the first switching element; and a charge
capacitor connected to the third switching element, the
charge capacitor being capable of holding charges given to
the third switching element.

[0024] The present invention provides an image display
apparatus which comprises: a plurality of signal lines for
supplying display signals; a plurality of scanning lines for
supplying scanning signals; a pixel electrode supplied with
a display signal from a specified signal line; a storage
capacitor arranged between the pixel electrode and one of
the scanning lines adjacent to the pixel electrode; a first
switching element connected to the pixel electrode; and a
second switching element for controlling turning ON/OFF
of the first switching element. Furthermore, the present
invention provides an image display apparatus which com-
prises: signal lines for supplying display signals; scanning
lines for supplying scanning signals; a pixel electrode sup-
plied with a display signal from a specified signal line; and
a storage capacitor arranged between the pixel electrode and
one of the scanning lines adjacent to the pixel electrode,
wherein the pixel electrode is driven by the scanning signals
supplied from at least two scanning lines excluding the one
of the scanning lines.

[0025] The present invention provides a method of driving
the image display device described above. Specifically, the
method of driving the image display device of the present
invention, which comprises: a plurality of signal lines for
supplying display signals; a plurality of scanning lines for
supplying scanning signals; a first pixel electrode arranged
between a n-th scanning line and a (n+1)-th scanning line (n:
arbitrary positive integer), the first pixel electrode being
connected to a specified signal line; a second pixel electrode
arranged between the n-th scanning line and the (n+1)-th
scanning line with the specified signal line interposed
between the first and second pixel electrodes, the method
comprising the steps of: supplying a first display signal to
the specified signal line, the first display signal having a first
potential to be given to the first pixel electrode, for a period
from the time when potentials of the (n+1)-th scanning line
and a (n+m)-th scanning line (m: integer excluding 0 and 1)
become equal to a selection potential to the time when the
potential of the (n+m)-th scanning line becomes equal to a
non-selection potential, thus giving the first potential to the
first and second pixel electrodes; and supplying a second
display signal to the specified signal line, the second display
signal having a second potential to be given to the second
pixel electrode, after the potential of the (n+m)-th scanning
line becomes equal to the non-selection potential, thus
giving the second potential to the second pixel electrode.
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BRIEF DESCRIPTION OF DRAWINGS

[0026] For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following description taken in conjunction with the
accompanying drawings.

[0027] FIG. 1 is a schematic view showing the construc-
tion of a liquid crystal display apparatus according to the
present invention.

[0028] FIG. 2 is a drawing showing the construction of an
array substrate A of the liquid crystal display apparatus of a
first embodiment according to the present invention.

[0029] FIG. 3 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the first embodiment according to the present invention.

[0030] FIG. 4 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the first embodiment according to the present invention.

[0031] FIG. 5 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the first embodiment according to the present invention.

[0032] FIG. 6 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the first embodiment according to the present invention.

[0033] FIG. 7 is a drawing showing a timing chart of a
scanning signal of the liquid crystal display apparatus of the
first embodiment according to the present invention.

[0034] FIG. 8 is a drawing showing the construction of an
array substrate A of a liquid crystal display apparatus of a
second embodiment according to the present invention,

[0035] FIG. 9 is a drawing showing the construction of an
array substrate A of a liquid crystal display apparatus of a
third embodiment according to the present invention.

[0036] FIG. 10 is a drawing showing the construction of
an array substrate A of a liquid crystal display apparatus of
a fourth embodiment according to the present invention.

[0037] FIG. 11 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the fourth embodiment according to the present invention.

[0038] FIG. 12 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the fourth embodiment according to the present invention.

[0039] FIG. 13 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the fourth embodiment according to the present invention.

[0040] FIG. 14 is a drawing showing a timing chart of a
scanning signal of the liquid crystal display apparatus of the
fourth embodiment according to the present invention.

[0041] FIG. 15 is a drawing showing the construction of
an array substrate A of a liquid crystal display apparatus of
a fifth embodiment according to the present invention.

[0042] FIG. 16 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the fifth embodiment according to the present invention.
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[0043] FIG. 17 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the fifth embodiment according to the present invention.

[0044] FIG. 18 is a drawing showing a timing chart of a
scanning signal of the liquid crystal display apparatus of the
fifth embodiment according to the present invention.

[0045] FIG. 19 is a drawing showing the construction of
an array substrate A of a liquid crystal display apparatus of
a sixth embodiment according to the present invention.

[0046] FIG. 20 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the sixth embodiment according to the present invention.

[0047] FIG. 21 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the sixth embodiment according to the present invention.

[0048] FIG. 22 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the sixth embodiment according to the present invention.

[0049] FIG. 23 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the sixth embodiment according to the present invention.

[0050] FIG. 24 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the sixth embodiment according to the present invention.

[0051] FIG. 25 is a drawing showing an operation of the
array substrate A of the liquid crystal display apparatus of
the sixth embodiment according to the present invention.

[0052] FIG. 26 is a drawing showing a timing chart of a
scanning signal of the liquid crystal display apparatus of the
sixth embodiment according to the present invention.

[0053] FIG. 27 is an equivalent circuit diagram of a
conventional TFT array substrate.

[0054] FIG. 28 is a drawing showing the circuit construc-
tion of an array substrate as disclosed in the prior art.

DETAILED DESCRIPTION

[0055] The inventors of the present invention found the
following fact as a result of investigations for the circuit
shown in FIG. 28. Since the TFT P1 and the TFT P2 are
connected in series in the circuit shown in FIG. 28, sizes of
the TFT P1 and the TFT P2 must be doubled to obtain
desired current compared to the conventional one in which
one TFT is used. When the size of the TFT becomes large,
an area of a pixel is reduced depending on an increase of the
size of the TFT, resulting in a reduction of a pixel aperture
ratio. Furthermore, in the circuit shown in FIG. 28, also
when a storage capacitor necessary for the pixel electrode is
provided between the pixel electrode and each of two
scanning lines adjacent to the pixel electrode, a scanning line
potential changes significantly from a selection potential to
a non-selection potential immediately after a potential is
supplied from the signal line to the pixel electrode. There-
fore, a pixel potential changes significantly, and the pixel
potential cannot be controlled precisely. This is a serious
problem in terms of image quality. It is inferred from the
above described problems that the proposals disclosed in
Japanese Patent Laid-Open Gazette No.265045/1993 and
the like have not been put into practical use until now.
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[0056] The image display device of the first aspect of the
present invention can supply the display signal from a
common predetermined signal line to the first and second
pixel electrodes. Accordingly, in the case where pixels
composed of M columns are present, the number of the
signal lines, that is, the number of data drivers, can be made
to be M/2.

[0057] The image display device of the first aspect of the
present invention adopts the construction in which the
second switching element is arranged between the predeter-
mined scanning line and the gate electrode of the first
switching element arranged between the first pixel electrode
and the predetermined signal line. Specifically, two switch-
ing elements are never arranged between the first pixel
electrode and the predetermined signal line. Therefore, a
switching element typified by a TFT needs not to be large-
sized. On the other hand, the third switching element is
connected to the second pixel electrode, and the display
signal from the signal line can be supplied to the second
pixel electrode when the third switching element is turned
on.

[0058] Descriptions for the two pixel electrodes that are
the first and second pixel electrodes were made. However,
the concept of the present invention can be applied to an
embodiment in which three or more pixel electrodes share
one signal line. As a matter of course, the present invention
incorporates this embodiment.

[0059] According to the image display device of the first
aspect of the present invention, a storage capacitor can be
formed between a scanning line and each of the first and
second pixel electrodes, the scanning line having nothing to
do with the drives of the first and second pixel electrodes.
Accordingly, deterioration of an image quality can be pre-
vented. To be more specific, the storage capacitor can be
formed between each of the first and second pixel electrodes
and the predetermined scanning line located at the front
stage of the first and second pixel electrodes. Herein, the
front stage means a direction inverse to a scanning direction,
and a rear stage means the scanning direction.

[0060] The image display device of the second aspect of
the present invention can supply the display signal from the
signal line common to the first and second pixel electrodes
to these two pixel electrodes. Accordingly, when pixels of M
columns exist, the number of signal lines, that is, the number
of data drivers can be reduced to M/2.

[0061] Intheimage display device of the second aspect of
the present invention, the first and second switching ele-
ments are connected to the first pixel electrode. When these
two switching elements are turned on, the display signal
from the signal line is supplied to the first pixel electrode.
Herein, the first switching element is connected to the signal
line, and the second switching element is connected to the
first switching element and the first scanning line. Specifi-
cally, it is unnecessary to adopt a structure in which two
switching elements are arranged in series between the first
pixelelectrode and the signal line. To be more specific, in the
image display device of the present invention, the first
switching element directly connects the first pixel electrode
and the signal line. Consequently, it is unnecessary to make
the switching element typified by a TFT large-sized. On the
other hand, the third switching element is connected to the
second pixel electrode, and the display signal from the signal
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line can be supplied to the second pixel electrode when the
third switching element is turned on.

[0062] Inthe image display device of the second aspect of
the present invention, the first scanning line can be disposed
at the rear stage of the first and second pixel electrodes, and
the second scanning line can be disposed at the rear stage of
the first scanning line. With such a constitution, the first and
second pixel electrodes are driven by the scanning lines
disposed at the rear stage of them. In this case, when the
scanning line positioned at the front stage of the first and
second pixel electrodes is referred to as a third scanning line,
the storage capacitor can be formed between each of the first
and second pixel electrodes and the third scanning line.
Since the third scanning line has nothing directly to do with
operations-of the first and second pixel electrodes, formation
of the storage capacitor between each of the first and second
pixel electrodes and the third scanning line causes no
deterioration of image quality.

[0063] However, according to the image display device of
the second aspect of the present invention, it is possible to
arrange the first scanning line at the front stage of the first
and second pixel electrodes and to arrange the second
scanning line at the rear stage of the first and second pixel
electrodes. Also in this case, the present invention can enjoy
an advantage that it is unnecessary to adopt a structure that
two switching elements are arranged in series between the
first pixel electrode and the signal line.

[0064] Furthermore, the image display device of the sec-
ond aspect of the present invention is capable of comprising
a fourth switching element connected to the third switching
element, the fourth switching element being supplied with
the scanning signal from the second scanning line. By
equalizing the numbers of the switching elements respec-
tively connected to the first and second pixel electrodes,
uniformity of electrical characteristics between the pixels
can be enhanced.

[0065] In the image display device of the third aspect of
the present invention, the first and second pixel electrodes
share the specified signal line, and the display signal is
supplied from the specified signal line to the first and second
pixel electrodes. Furthermore, in this image display device,
the scanning signal is supplied to the first pixel electrode
when the (n+1)-th scanning line and (n+m)-th scanning line
(m: integer excluding 0 and 1) are simultancously being
selected. The scanning signal is supplied to the second pixel
electrode when the (n+1)-th scanning line is being selected.
Accordingly, a storage capacitor can be formed between
each of the first and second pixel electrodes and the scanning
line, which has nothing to do with the drives, at the front
stage of the first and second pixel electrodes by selecting the
value of m.

[0066] In this image display device, the first switching
mechanism can be constituted of a first switching element
connected to the specified signal line, the first switching
element being driven by the scanning signal supplied from
the (n+1)-th scanning line, and a second switching element
connected to the first switching element, the second switch-
ing element being driven by the scanning signal supplied
from the (n+m)-th scanning line.

[0067] The image display apparatus of the present inven-
tion can constitute a circuit by the M pixel columns and the
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M/2 signal lines provided for these pixel columns, so that a
low cost and a high definition can be preferably achieved.
Since this image display apparatus of the present invention
adopts the above described circuit construction, two switch-
ing elements need not to be arranged in series between the
first pixel electrode and the specified signal line. In addition,
since the first and second pixel electrodes are driven by the
scanning signals from the (n+1)-th and (n+2)-th scanning
lines disposed at the rear stage of the first and second
electrodes, a storage capacitor can be formed between each
of the first and second pixel electrodes and a scanning line
at the front stage of the first and second pixel electrodes.

[0068] This image display apparatus can comprise a fourth
switching element driven by the scanning signal from the
(0+2)-th scanning line, the fourth switching element being
for controlling turning ON/OFF of the third switching
element. With the provision of the fourth switching element,
uniformity of electrical characteristics among the pixels can
be enhanced by equalizing the numbers of the switching
elements respectively connected to the first and second pixel
electrodes.

[0069] The image display apparatus of the present inven-
tion can constitute a circuit by the M pixel columns and the
M/2 signal lines provided for these pixel columns, so that a
low cost and a high definition can be preferably achieved.
Since this image display apparatus of the present invention
adopts the above described circuit constitution, the first and
second pixel electrodes are driven by the scanning signals
from the (n+1)-th and (n+2)-th scanning lines disposed at the
rear stage of the first and second electrodes. Therefore, a
storage capacitor can be formed between each of the first and
second pixel electrodes and a scanning line at the front stage
of the first and second pixel electrodes, that is, the n-th
scanning line.

[0070] The image display apparatus of the present inven-
tion can constitute a circuit by the M pixel columns and the
M/3 signal lines provided for these pixel columns, so that a
low cost and a high definition can be preferably achieved.
Since this image display apparatus of the present invention
adopts the above-described circuit construction, two switch-
ing elements need not to be arranged in series respectively
between the first pixel electrode and the specified signal line,
as well as between the third pixel electrode and the specified
signal line. In addition, the first, second and third pixel
electrodes are driven by the scanning signals from the
(0+1)-th, (n+2)-th and (n+3)-th scanning lines disposed at
the rear stage of the first, second and third pixel electrodes.
Therefore, a storage capacitor can be formed between each
of the first, second and third pixel electrodes and a scanning
line at the front stage of the first, second and third pixel
electrodes.

[0071] In the image display apparatus of the present
invention, the signal line driving circuit can sequentially
supply the specified signal line with a display signal having
a potential to be given to the first pixel electrode, a display
signal having a potential to be given to the second pixel
electrode, and a display signal having a potential to be given
to the third pixel electrode. Specifically, the predetermined
potentials are given from the predetermined signal line to the
three pixel electrodes time-divisionally.

[0072] The image display apparatus of the present inven-
tion can constitute a circuit by the M pixel columns and the
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M/2 signal lines provided for these pixel columns, so that a
low cost and a high definition can be preferably achieved.
Since this image display apparatus of the present invention
adopts the above described circuit constitution, two switch-
ing elements need not to be arranged in series between the
first pixel electrode and the specified signal line.

[0073] The image display apparatus of the present inven-
tion can constitute a circuit by the M pixel columns and the
M/2 signal lines provided for these pixel columns, so that a
low cost and a high definition can be preferably achieved.
Since this image display apparatus of the present invention
adopts the above described circuit constitution, two switch-
ing elements need not to be arranged in series between the
first pixel electrode and the specified signal line. In addition,
since the first and second pixel electrodes are driven by the
scanning signals from the (n+1)-th and (n+2)-th scanning
lines disposed at the rear stage of the first and second
electrodes, a storage capacitor can be formed between each
of the first and second pixel electrodes and a scanning line
at the front stage of the first and second pixel electrodes. The
image display apparatus of the present invention can equal-
ize the numbers of the switching elements respectively
connected to the first and second pixel electrodes. Accord-
ingly, electrical characteristics among the pixel electrodes
can be made uniform.

[0074] In the above descriptions of the image display
apparatus of the present invention, the descriptions were
made for the first and second pixel electrodes. However, it
is apparent that the present invention has a novelty in the
first pixel electrode itself.

[0075] An image display apparatus of the present inven-
tion will be described based on embodiments related to a
liquid crystal display apparatus.

[0076] FIG. 1 is a schematic view showing the principal
construction of an array substrate A as an image display
device according to an embodiment of the present invention.
FIG. 2 is a drawing showing the circuit construction of the
array substrate A. FIGS. 3 to 6 are drawings showing an
operation of the array substrate A. FIG. 7 is a timing chart
of a scanning signal.

[0077] The liquid crystal display apparatus according to
the embodiment is characterized in that two pixels adjacent
to each other, which interpose one signal line therebetween,
share this one signal line, and hence the number of signal
lines is halved. As a matter of course, though the liquid
crystal display device has to comprise other components
such as a color filter substrate opposing to the array substrate
and a backlight unit, these components do not represent
characteristics of the present invention, and therefore
descriptions for them are omitted.

[0078] As shown in FIG. 1, the array substrate A com-
prises: a signal line driving circuit SD for supplying a
display signal to a pixel electrode through a signal line 30,
the pixel electrode being arranged in a display area S, that
is, for applying a voltage to the pixel electrode; and a
scanning line driving circuit GD for supplying a scanning
signal through a scanning line 40, which controls tuning
ON/OFF of a TFT. On the array substrate A, arrayed are
MxN pieces of pixel (M and N: any positive integer) in a
matrix fashion.

[0079] In FIG. 2, for the pixel electrodes Al and Bl
adjacent to each other, which interpose the signal line Dm
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therebetween, three TFTs that are first to third TFTs M1, M2
and M3 are arranged in the following manner.

[0080] First, the first TFT M1 has a source electrode
connected to the signal line Dm and a drain electrode
connected to the pixel electrode Al. A gate electrode of the
first TFT M1 is connected to a source electrode of the second
TFT M2. Herein, the TFTs are three terminal switching
elements. In the liquid crystal display apparatus, for
example, a terminal of the TFT connected to the signal line
is called a source electrode, and a terminal thereof connected
to the pixel electrode is called a drain electrode. On the
contrary, a terminal of the TFT connected to the pixel
electrode is called a source electrode, and a terminal thereof
connected to the signal line is called a drain electrode.
Specifically, it is not uniquely determined that any of the two
electrodes excluding the gate electrode is called the source
electrode or the drain electrode. Accordingly, the two elec-
trodes excluding the gate electrode shall be hereinafter
called a source/drain electrode.

[0081] Next, the second TFT M2 has one source/drain
electrode connected to the gate electrode of the first TFT M1
and the other source/drain electrode connected to a scanning
line Gn+2. Accordingly, the gate electrode of the first TFT
M1 is connected to the scanning line Gn+2 through the
second TFT M2. A gate electrode of the second TFT M2 is
connected to the scanning line Gn+1. Therefore, only during
a period of time when the two scanning lines Gn+1 and
Gn+2 adjacent to each other are simultaneously in a selec-
tion potential, the first TFT M1 is turned on, and a potential
of the signal line Dm is supplied to the pixel electrode Al.
This implies that the second TFT M2 controls the turning
ON/OFF of the first TFT M1.

[0082] The third TFT M3 has one source/drain electrode
connected to signal line Dm and the other source/drain
electrode connected to a pixel electrode B1. Furthermore, a
gate electrode of the third TFT M3 is connected to the
scanning line Gn+1. Accordingly, when the scanning line
Gn+1 is in the selection potential, the third TFT M3 is turned
on, and the potential of the signal line Dm is supplied to the
pixel electrode B1.

[0083] In the above descriptions, the circuit construction
of the array substrate A was described in consideration of the
arrangement of the first to third TFTs M1 to M3. Next, the
circuit construction of the array substrate A will be described
in consideration of the pixel electrodes Al and Bl.

[0084] A display signal is supplied from the single signal
line Dm to the pixel electrodes Al and B1. In other words,
the signal line Dm is the one common to the pixel electrodes
Al and B1. Accordingly, while the pixels are arranged in a
matrix of M rows and N columns, the number of the signal
lines Dm is equal to M/2.

[0085] The first and second TFTs M1 and M2 are con-
nected to the pixel electrode Al. The first TFT M1 is
connected to the signal line Dm and connected to the second
TFT M2. The gate electrode of the second TFT M2 is
connected to the scanning line Gn+1 placed at the rear stage
of the pixel electrode A1, and the source/drain electrode of
the second TFT M2 is connected to the scanning line Gn+2
placed at the rear stage of the scanning line Gn+1. Herein,
to supply a potential at the signal line Dm to the pixel
electrode Al, the first TFT M1 needs to be turned on. The

Jun. 13,2002

gate electrode of the first TFT M1 is connected to one
source/drain electrode of the second TFT M2, the gate
electrode of the second TFT M2 is connected to the scanning
line Gn+1, and the other source/drain electrode of the second
TFT M2 is connected to the scanning line Gn+2. Therefore,
to turn on the first TEFT M1, the second TFT M2 needs to be
turned on and the scanning line Gn+2 needs to be selected.
To turn on the second TFT M2, the scanning line Gn+1
needs to be selected. Accordingly, the first and second TFTs
M1 and M2 constitute a switching mechanism which per-
mits the scanning signal to pass therethrough when both of
the scanning lines Gn+1 and Gn+2 are selected. Thus, the
pixel electrode Al is driven based on the scanning signal
from the scanning line Gn+1 and the scanning signal from
the scanning line Gn+2, and receives a potential at the signal
line Dm.

[0086] The third TFT M3 is connected to the pixel elec-
trode B1, and the gate electrode thereof is connected to the
scanning line Gn+1. Accordingly, the pixel electrode A2 is
supplied with the potential from the signal line Dm when the
scanning line Gn+1 is selected.

[0087] In the above, the descriptions were made as to the
pixel electrodes Al and Bl. The array substrate A has the
same construction for the pixel electrodes A2 and B2, the
pixel electrodes C1 and D1, the pixel electrodes C2 and D2,
and other pixels, respectively.

[0088] Next, operations of the pixel electrodes Al to D1
depending on selections and non-selections of the scanning
lines Gn+1 to Gn+3 will be described with reference to the
circuit diagrams shown in FIGS. 3 to 6 and the timing charts
of the scanning signals shown in FIG. 7.

[0089] Dm(1) and Dm(2) shown in FIG. 7 denote poten-
tials of a data signal supplied by the signal line Dm, and
show timing at which the data signal changes. These Dm(1)
and Dm(2) include changes of a polarity and a gray scale.
Therefore, if Dm(1) and Dm (2) is seized as the change of
the polarity, in the case of the operations by a supply of
Dm(1), the polarities of the pixel electrodes Al and Bl are
different from each other, and the polarities of the pixel
electrodes Al and Cl are identical to each other. On the
other hand, in the case of the operations by a supply of
Dm(2), the polarities of the pixel electrodes Al and Bl are
identical to each other, and the polarities of the pixel
electrodes Al and C1 are different from each other.

[0090] Furthermore, in FIG. 7, the diagrams of the scan-
ning lines Gn to Gn+3 show a selection and a non-selection
of the scanning lines Gn to Gn+3. To be concrete, the parts
where the diagram rises up show a state where the scanning
line is selected. The parts where the diagram does not rise up
show a state where the scanning line is not selected.

[0091] As shown in FIG. 3 and FIG. 7, for a period (t1)
from the time when both of the scanning lines Gn+1 and
Gn+2 are selected to the time when the potential of the
scanning line Gn+2 becomes equal to the non-selection
potential, the TFTs M1 to M3 are being turned on. Noted that
in FIG. 3, the thick lines show the state where the scanning
lines Gn+1 and Gn+2 are selected. A potential Val to be
applied to the pixel electrode Al from the signal line Dm is
supplied to the pixel electrodes Al, B1 and D1 as shown in
FIG. 3. Herein, the potential Val of the pixel electrode Al
is determined.
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[0092] After the potential of the scanning line Gn+2
becomes equal to the non-selection potential, the potential
supplied from the signal line Dm changes to the potential
Vbl to be supplied to the pixel electrode B1.

[0093] As shown in FIG. 4, the potential Vbl is supplied
to the pixel electrode B1 by keeping the scanning line Gn+1
at the selection potential continuously for a period (t2) after
the potential of the scanning line Gn+2 becomes equal to the
non-selection potential as shown in FIG. 7. Thus, the
potential of the pixel electrode Bl is determined. As
described above, the potential of the signal line Dm is
supplied to the pixel electrodes Al and B1 time-divisionally.

[0094] After the potential of the scanning line Gn+1
becomes equal to the non-selection potential, the potential of
the signal line Dm changes to the potential Vel to be
supplied to the pixel electrode C1.

[0095] Furthermore, as shown in FIG. 7, for a period (t3)
after the potential of the scanning line Gn+1 becomes equal
to the non-selection potential, when the potential of the
scanning line Gn+2 becomes again equal to the selection
potential and the potential of the scanning line Gn+3
becomes equal to the selection potential, the potential Vel is
applied to the pixel electrodes C1, D1 and F1 as shown in
FIG. 5. Herein, the potential Vel of the pixel electrode C1
is determined.

[0096] After the potential of the scanning line Gn+3
becomes equal to the non-selection potential, the potential
supplied from the signal line Dm changes to the potential
Vdl to be supplied to the pixel electrode D1.

[0097] As shown in FIG. 7, the potential of the scanning
line Gn+2 is kept at the selection potential continuously for
a period (14) after the potential of the scanning line Gn+3
becomes equal to the non-selection potential, whereby the
potential Vdl is supplied to the pixel electrode D1 and the
potential of the pixel electrode D1 is determined as shown
in FIG. 6.

[0098] The liquid crystal display apparatus according to
the first embodiment adopts the construction in which the
driving potential is supplied from one signal line, for
example, the signal line Dm, to the two pixel electrodes Al
and Bl adjacent to each other, which interpose the signal
line Dm therebetween. Accordingly, the liquid crystal dis-
play apparatus of the first embodiment can halve the number
of the signal lines, that is, the number of the data drivers,
compared to the conventional liquid crystal display appara-
tus in which the pixel and the signal line correspond to each
other with a one-to-one correspondence relation. In addition,
in the liquid crystal display apparatus of the first embodi-
ment, the first TFT Ml connected to the pixel electrode Al
and the third TFT M3 connected to the pixel electrode B1 are
directly connected to the common signal line Dm. Accord-
ingly, unlike the circuit construction shown in FIG. 28,
disclosed in Japanese Patent Laid-Open Gazette No.265045/
1993, in which the two TFTs are connected in series between
the signal line and the pixel electrode, it is unnecessary to
design the TFT to be large-sized, in order to secure a desired
current. Specifically, according to the first embodiment, the
first and third TFTs M1 and M3 as the switching element can
be fabricated to be small-sized compared to the liquid crystal
display apparatus disclosed in Japanese Patent Laid-Open
gazette No.265045/1993.
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[0099] In the liquid crystal display apparatus according to
the first embodiment, the storage capacitor Cs is provided
between the pixel electrode and the scanning line at the front
stage of this pixel electrode. Specifically, as shown in FIG.
2, the storage capacitor Cs of each of the pixel electrodes Al,
B1, A2 and B2 is provided between the scanning line Gn and
the corresponding one of the pixel electrodes Al, B1, A2 and
B2, respectively. The storage capacitor Cs of each of the
pixel electrodes C1, D1, C2 and D2 is provided between the
scanning line Gn+1 and the corresponding one of the pixel
electrodes C1, D1, C2 and D2. The scanning line Gn has
nothing to do with drives of the pixel electrodes Al, B1, A2
and B2. The scanning line Gn+1 has nothing to do with
drives of the pixel electrodes C1, D1, C2 and D2. Herein, the
potential of the scanning line Gn never varies for a period
when the potentials are respectively supplied from the signal
lines Dm and Dm+1 to the pixel electrodes Al, B1, A2 and
B2 and immediately after passage of that period. Accord-
ingly, the variations of the pixel potentials in the pixel
electrodes Al, B1, A2 and B2 are avoidable, which implies
that the pixel potential can be controlled with a high preci-
sion. The precise control of the pixel potential is significant
advantage in terms of image quality, and thus a high quality
image can be provided. The characteristics of this embodi-
ment in which the storage capacitor Cs can be placed
between the pixel electrode and the scanning line at the front
stage thereof can be enjoyed even in the case where two
TFTs are connected in series between the signal line and the
pixel like the second embodiment of the present invention.

[0100] In the circuit construction shown in FIG. 28,
disclosed in Japanese Patent Laid-Open Gazette No.265045/
1993, one of the two TFTs is connected to the scanning line
at the front stage thereof. Accordingly, in the circuit con-
struction disclosed in Japanese Patent Laid-Open Gazetie
No0.265045/1993, when the storage capacitor is arranged
between the pixel electrode and the scanning line at the front
stage thereof, the potential of the scanning line at the front
stage of that pixel electrode varies for a period when the
potential from the signal line is supplied to that pixel. Thus,
the pixel potential varies.

[0101] To avoid the variation of the pixel potential, the
structure may be adopted, in which the storage capacitor is
not constituted by a part of the scanning line, but constituted
independently. However, the independent formation of the
storage capacitor causes a decrease in a pixel aperture ratio,
and changes or additions of processes in fabricating the
array substrate may be necessary. Accordingly, the first
embodiment is the desired one from the viewpoints of the
aperture ratio and the manufacturing process. However, the
formation of the independent storage capacitor Cs is never
denied in the present invention.

[0102] A liquid crystal display apparatus of the second
embodiment of the present invention will be described
below.

[0103] The liquid crystal display apparatus of the second
embodiment is the same as that of the first embodiment
except that the first and second TFTs M11 and M12 are
connected to the pixel electrode All in a different manner
from that of the first embodiment. Accordingly, the differ-
ence of the connections between the first and second
embodiments will be mainly described.

[0104] FIG. 8 shows the circuit construction of the array
substrate A according to the second embodiment.
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[0105] The three TFTs of the first TFT M11, the second
TFT M12 and the third TFT M13 are arranged for the pixel
electrodes All and B11 in the following manner, which are
adjacent to each other so as to interpose the signal line Dm
therebetween.

[0106] First, the first TFT MI11 has one source/drain
electrode connected to the signal line Dm, and the other
source/drain electrode of the first TFT M11 is connected to
a source/drain electrode of the second TFT M12. Further-
more, a gate electrode of the first TFT M1 is connected to the
scanning line Gn+1.

[0107] Next, one source/drain electrode of the second TFT
M12 is comnected to the first TFT M11, and the other
source/drain electrode of the second TFT M12 is connected
to the pixel electrode All. A gate electrode of the second
TFT M12 is connected to the scanning line Gn+2. Accord-
ingly, the first and second TFTs M11 and M12 are turned on
only for a period when the two scanning lines Gn+1 and
Gn+2 adjacent to each other are simultaneously kept at the
selection potential, and the potential of the signal line Dm is
supplied to the pixel electrode All. This implies that the first
and second TFTs M11 and M12 are provided on a path for
supplying the data potential to the pixel electrode All, and
the first and second TFTs M11 and M12 are turned on when
the potentials of the two scanning lines Gn+1 and Gn+2
disposed at the rear stage of the pixel electrode A1l become
equal to the selection potential. When the first and second
TFTs M11 and M12 are turned on, the data potential from
the signal line Dm is supplied to the pixel electrode All.

[0108] One source/drain electrode of the third TFT M13 is
connected to the signal line Dm and the other source/drain
electrode thereof is connected to the pixel electrode B11.
The gate electrode of the third TFT M13 is connected to the
scanning line Gn+1. Accordingly, when the potential of the
scanning line Gn+1 is equal to the selection potential, the
third TFT M13 is turned on, and the potential of the signal
line Dm is supplied to the pixel electrode Bll. In this
respect, this embodiment is the same as the first embodi-
ment.

[0109] Also in the second embodiment, the construction is
adopted, in which the driving potential is supplied from one
signal line, for example, the signal line Dm, to the two pixel
electrodes All and B11 adjacent to each other so as to
interpose this signal line. Accordingly, the number of the
signal lines, that is, the data drivers, can be halved compared
to the conventional liquid crystal display apparatus in which
the pixel and the signal line correspond to each other with
correspondence relation.

[0110] In addition, also in the liquid crystal display appa-
ratus according to the second embodiment, the storage
capacitor Cs is provided between the pixel electrode and the
scanning line at the front stage of the pixel electrode.
Specifically, as shown in FIG. 8, the storage capacitors Cs
of the pixel electrode A11 and B11 are provided between the
scanning line Gn and respective pixel electrodes All and
B11. Accordingly, also in the liquid crystal display apparatus
of the second embodiment, a high quality image can be
provided.

[0111] A liquid crystal display apparatus of the third
embodiment will be described below. The liquid crystal
display apparatus of the third embodiment is the same as that
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of the first embodiment except that the first and second TFTs
M21 and M22 are connected to the pixel electrodes C21 and
D21 positioned at the rear stage of the pixel electrodes A21
and B21 in a different manner from that of the first embodi-
ment.

[0112] In the first embodiment, the pixels having the same
construction including the method of connecting the first and
second TFTs M1 and M2 as the pixel electrode Al are
arranged in the same column. However, in the third embodi-
ment, the pixel having the same construction as the pixel
electrode A21 is disposed at the positions which are respec-
tively shown by the pixel electrodes C21 and the E21 as
shown in FIG. 9. Moreover, the pixel having the same
construction as the pixel electrode B21 is disposed at the
positions which are respectively shown by the pixel elec-
trodes D21 and F21. Specifically, while the pixels having the
same construction are continuously arranged in the first
embodiment, the pixels having the same construction are
intermittently arranged in the same columns and the same
rows in the third embodiment.

[0113] Also in the third embodiment, the structure is
adopted, in which a driving potential is supplied to the two
pixel electrodes A21 and B21 adjacent to each other so as to
interpose one signal line Dm similarly to the first embodi-
ment. Accordingly, it is possible to halve the number of the
signal lines, that is, the data drivers. In addition, since the
first TFT M21 connected to the pixel electrode A21 and the
second TFT M22 connected to the pixel electrode B21 are
directly connected to the signal line Dm, it is unnecessary to
make the TFT large-sized to secure a desired current, and a
liquid crystal display apparatus having a high aperture ratio
can be obtained. Furthermore, since the storage capacitor Cs
can be placed between the pixel electrode and the scanning
line at the front stage of this pixel electrode, a high quality
image can be provided.

[0114] The third embodiment shows the following two
effects in addition to the same effects as those of the first
embodiment.

[0115] One effect is that it is possible to design an image
display device which minimizes an occupied area other than
the aperture portion of the pixel. Herein, when the pixel in
which the pixel electrode A21 exists and the pixel in which
the pixel electrode B21 exists are compared, it is shown that
the former pixel has a crowded structure compared to the
latter pixel since the former pixel has the two TFTs of the
first and second TFTs M21 and M22 formed thereon and the
latter pixel has only one TFT M23 formed thereon. This
crowded pixel causes an increase in an area of each pixel. In
the first embodiment, the crowded pixels are continuously
arranged in the same column, the area of the pixel tends to
be larger. However, if the crowded pixel and the uncrowded
pixel are sequentially arranged in the column direction like
the third embodiment, the increase in the area of the
crowded pixel can be canceled by the uncrowded pixel.
Specifically, the occupied area other than the aperture por-
tion of the pixel can be minimized.

[0116] Another effect is that uniformity of the liquid
crystal display panel is enhanced. Since the pixel electrodes
A21 and B21 have the different pixel structures, the pixel
electrodes A21 and B21 have different electrical character-
istics. According to the arrangement of the pixel electrodes
Al, B, . . . of the first embodiment, the pixel columns
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having the different electrical characteristics are arranged
alternately. Accordingly, in an image displayed on such a
liquid crystal display panel, difference in electrical charac-
teristics become conspicuous. However, in the case where
the pixels having the different electrical characteristics are
arranged in a checked pattern as the third embodiment, the
difference in electrical characteristics is inconspicuous in the
displayed image.

[0117] A liquid crystal display apparatus of a fourth
embodiment of the present invention will be described
below.

[0118] While the two pixels share one signal line Dm in
the first to third embodiments, three pixels share one signal
line Dm in the fourth embodiment. Accordingly, the liquid
crystal display apparatus of the fourth embodiment can
reduce the number of the signal lines, that is, the number of
the data drivers, to one-third, compared to the conventional
liquid crystal display apparatus in which the pixel and the
signal line correspond to each other with a one-to-one
correspondence relation.

[0119] The construction of an array substrate A of the
liquid crystal display apparatus according to the fourth
embodiment is shown in FIG. 10.

[0120] In the fourth embodiment, the three pixels that are
the pixel electrode A31 (pixel electrode D31, pixel electrode
G31, . . .), the pixel electrode B31 (pixel electrode E31,
pixel electrode H31, . . . ) and the pixel electrode C31 (pixel
electrode F31, pixel electrode 131, . . . ) share the signal line
Dm. When the potentials of the scanning line Gn+1 and the
scanning line Gn+3 become equal to the selection potential,
the data potential of the signal line Dm is supplied to the
pixel electrode A31. When the potentials of the scanning line
Gn+l and the scanning line Gn+2 become equal to the
selection potential, the data potential of the signal line Dm
is supplied to the pixel electrode B31. When the potential of
the scanning line Gn+1 becomes equal to the selection
potential, the data potential of the signal line Dm is supplied
to the pixel electrode C31.

[0121] To perform the above-described operations,
arrangements of the first to fifth TFTs M31 to M35 as a
switching element are set as follows in the fourth embodi-
ment.

[0122] First, the first TFT M31 has one source/drain
electrode connected to the pixel electrode A31 and the other
source/drain electrode connected to the signal line Dm. The
gate electrode of the first TFT M31 is connected to one
source/drain electrode of the second TFT M32.

[0123] Next, the second TFT M32 has the other source/
drain electrode connected to the scanning line Gn+3 and one
source/drain electrode connected to the gate electrode of the
first TFT M31. Accordingly, the gate electrode of the first
TFT M31 is connected to the scanning line Gn+3 through
the second TFT M32. Furthermore, the gate electrode of the
second TFT M32 is connected to the scanning line Gn+1.
Therefore, the first TFT M31 is turned on and the potential
of the signal line Dm is supplied to the pixel electrode A31
for only a period when the potentials of the two scanning
lines Gn+1 and Gn+3 are equal to the selection potential.
This implies that the second TFT M32 is a switching
element for controlling the turning ON/OFF of the first TFT
M31.
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[0124] The third TFT M33 has one source/drain electrode
connected to the signal line Dm and the other source/drain
electrode connected to the pixel electrode C31. The gate
electrode of the third TFT M33 is connected to the scanning
line Gn+1.

[0125] The fourth TFT M34 has one source/drain elec-
trode connected to the signal line Dm and the other source/
drain electrode connected to the pixel electrode B31. In
addition, the gate electrode of the fourth TFT M34 is
connected to one source/drain electrode of the fifth TFT
M3s.

[0126] Next, the fifth TFT M35 has the other source/drain
electrode connected to the scanning line Gn+2 and one
source/drain electrode connected to the gate electrode of the
fourth TFT M34. Accordingly, the gate clectrode of the
fourth TFT M34 is connected to the scanning line Gn+2
through the fifth TFT M35. Furthermore, the gate electrode
of the fifth TFT M35 is connected to the scanning line Gn+1.
Consequently, only for a period when the potentials of the
two scanning lines Gn+1 and Gn+2 are simultaneously equal
to the selection potential, the fourth TFT M34 is turned on
and the potential of the signal line Dm is supplied to the
pixel electrode B31. This implies that the fifth TFT M35 is
a switching element for controlling the turning ON/OFF of
the fourth TFT M34.

[0127] In the above descriptions, the circuit construction
of the array substrate A was described in consideration of the
arrangement of the first to fifth TFTs M31 to M35. Next, the
circuit construction of the array substrate A will be described
in consideration of the pixel electrodes A31 to C31.

[0128] A display signal is supplied from the single signal
line Dm to the pixel electrodes A31 to C31. Accordingly, the
signal line Dm is a signal line Dm common to the pixel
electrodes A31 to C31.

[0129] The first and second TFTs M31 and M32 are
connected to the pixel electrode A31, and the first TFT M31
is connected to the signal line Dm and the second TFT M32.
The gate electrode of the second TFT M32 is connected to
the scanning line Gn+1 for the pixel electrode A31, and the
source/drain electrode of the second TFT M32 is connected
to the scanning line Gn+3 at the rear stage of the pixel
electrode A31. Herein, to supply the potential of the signal
line Dm to the pixel electrode A31, the first TFT M31 needs
to be turned on. The gate electrode of the first TFT M31 is
connected to the source/drain electrode of the second TFT
M32, and the gate electrode of the second TFT M32 is
connected to the scanning line Gn+1 at the rear stage of the
pixel electrodes A31 and the pixel electrode B31. The
source/drain electrode of the second TFT M32 is connected
to the scanning line Gn+3 at the rear stage of the scanning
line Gn+1. Consequently, to allow the first TFT M31 to turn
on, the second TFT M32 needs to be turned on and the
scanning line Gn+3 needs to be selected. To allow the
second TFT M32 to turn on, the potential of the scanning
line Gn+1 must be equal to the selection potential. Thus, the
pixel electrode A31 is driven based on the scanning signal
from the scanning line Gn+1 and the scanning signal from
the scanning line Gn+3, and receives the potential from the
signal line Dm.

[0130] The fourth and fifth TFTs M34 and M35 are
connected to the pixel electrode B31, and the fourth TFT
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M34 is connected to the signal line Dm and the fifth TFT
M35. The gate electrode of the fifth TFT M35 is connected
to the scanning line Gn+1, and the source/drain electrode of
the fifth TFT M35 is connected to the scanning line Gn+2.
Herein, to supply the potential of the signal line Dm to the
pixel electrode B31, the fourth TFT M34 needs to be turned
on. The gate electrode of the fourth TFT M34 is connected
to the source/drain electrode of the fifth TFT M35, and the
gate electrode of the fifth TFT M35 is connected to the
scanning line Gn+1. The source/drain electrode of the fifth
TFT M35 is connected to the scanning line Gn+2. Accord-
ingly, to allow the fourth TFT M34 to turn on, the fifth TFT
M35 needs to be turned on and the scanning line Gn+2 needs
to be selected. To allow the fifth TFT M35 to turn on, the
potential of the scanning line Gn+1 needs to be equal to the
selection potential. Thus, the potential from the signal line
Dm is supplied to the pixel electrode B31 only when the
potential of the scanning line Gn+1 positioned at the rear
stage of the pixel electrode B31 and the potential of the
scanning line Gn+2 at the rear stage of the scanning line
Gn+1 become equal to the selection potential.

[0131] The third TFT M33 is connected to the pixel
electrode C31 and the gate electrode of the third TFT M33
is connected to the scanning line Gn+1. Accordingly, the
potential from the signal line Dm is supplied to the pixel
electrode C31 when the scanning line Gn+1 is selected.

[0132] Descriptions of the pixel electrodes A31 to C31
were made in the above. The pixel electrodes D31 to F31,
the pixel electrodes G31 to 131 and other pixels have the
same construction as the pixel electrodes A31 to C31.

[0133] Next, operations of the pixel electrodes A31 to C31
depending on selections and non-selections of the scanning
lines Gn+1 to Gn+3 will be described with reference to the
circuit diagrams shown in FIGS. 11 to 13 and the timing
charts of the scanning signals shown in FIG. 14. Note that
illustration styles of the circuit diagrams in FIGS. 11 to 13
and that of the timing charts in FIG. 14 are the same as those
of FIGS. 3 to 6 and FIG. 7 described in the first embodi-
ment.

[0134] As shown in FIG. 11 and FIG. 14, the first to third
TFTs M31 to M33 are turned on for a period (t1) from the
time when both of the scanning lines Gn+1 and Gn+3 are
selected to the time when the scanning line Gn+3 is non-
selected. Accordingly, the potential Val to be given from the
signal line Dm to the pixel electrode A31 is supplied to the
pixel electrodes A31, C31 and 131 as shown in FIG. 11.
Herein, the potential Val of the pixel electrode A31 is
determined.

[0135] After the potential of the scanning line Gn+3
becomes equal to the non-selection potential, the potential
supplied from the signal line Dm changes to the potential
Vbl to be given to the pixel electrode B31.

[0136] As shown in FIGS. 12 and 14, the second TFT
M32 is turned on for a period (t2) from the time when the
potential of the scanning line Gn+3 becomes equal to the
non-selection potential to the time when the scanning lines
Gn+1 and Gn+2 are selected. The first TFT M31 is turned off
by supplying the potential (OFF potential) of the scanning
line Gn+3 to the gate electrode of the first TFT M31. And the
third TFT M33 to the fifth TFT M35 are turned on. Accord-
ingly, the potential Vbl is applied to the pixel electrodes
B31, C31 and F31. Herein, the potential of the pixel elec-
trode B31 is determined.
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[0137] Next, after the potential of the scanning line Gn+2
becomes equal to the non-selection potential, the potential
supplied from the signal line Dm changes to the potential
Vel to be given to the pixel electrode C31.

[0138] As shown in FIGS. 13 and 14, the potential of the
signal line Dm is given to the pixel electrode C31 through
the third TFT M33 for a period (t3) from the time when the
potential of the scanning line Gn+2 becomes equal to the
non-selection potential and the potential of the scanning line
Gn+1 is equal to the selection potential to the time when the
scanning line Gn+l becomes equal to the non-selection
potential. Thus, the potential of the pixel electrode C31 is
determined.

[0139] Next, also after the potential of the scanning line
Gn+l becomes equal to the non-selection potential, the
potential of the signal line Dm changes to the potential Vdl
to be given to the pixel electrode D31, and the potentials of
the pixel electrodes D31 to F31 are determined time-divi-
sionally in the same manner as the above.

[0140] The liquid crystal display apparatus according to
the fourth embodiment adopts the structure in which the data
potential is supplied from one signal line, for example, the
signal line Dm, to the three pixel electrodes A31 to C31.
Consequently, compared to the conventional liquid crystal
display apparatus in which the pixel and the signal line
correspond to each other with a one-to-one correspondence
relation, the number of the signal lines, that is, the number
of the data drivers, can be reduced to one-third.

[0141] Furthermore, the first TFT M31 connected to the
pixel electrode A31, the fourth TFT M34 connected to the
pixel electrode B31 and the third TFT M33 connected to the
pixel electrode C31 are directly connected to the common
signal line Dm. Therefore, the liquid crystal display appa-
ratus of the fourth embodiment contributes to a realization of
a liquid crystal display panel having a high aperture ratio
similarly to that of the first embodiment. Moreover, since the
storage capacitor Cs is provided between the pixel electrode
and the scanning line at the front stage of that pixel electrode
also in the fourth embodiment, it is possible to control the
pixel potential with a high precision, resulting in provision
of a high quality image.

[0142] Aliquid crystal display apparatus of a fifth embodi-
ment of the present invention will be described below.

[0143] While the storage capacitor Cs is formed by the use
of the scanning line in the first to fourth embodiments, the
fifth embodiment provides a circuit construction suitable for
formation of an independent capacitor electrode.

[0144] The construction of the array substrate A of the
liquid crystal display apparatus according to the fifth
embodiment is shown in FIG. 15.

[0145] In the fifth embodiment, the two pixels that are the
pixel electrode Ad1 (pixel electrode C41, . . . ) and the pixel
electrode B41 (pixel electrode D41, . . . ) share the signal line
Dm. When the potentials of both of the scanning lines Gn+1
and Gn+2 become equal to the selection potential, the data
potential of the signal line Dm is supplied to the pixel
electrode A41. When the potential of the scanning line Gn+1
becomes equal to the selection potential, the data potential
of the signal line Dm is supplied to the pixel electrode B41.
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[0146] To perform the above-described operations,
arrangements of the first to third TFTs M41 to M43 as a
switching element are set as follows in the fifth embodiment.

[0147] First, the first TFT M41 has one source/drain
electrode connected to the pixel electrode A41, and the other
source/drain electrode connected to the signal line Dm. The
gate electrode of the first TFT M41 is connected to one
source/drain electrode of the second TFT M42.

[0148] Next, the second TFT M42 has one source/drain
electrode connected to the scanning line Gn+2 and the other
source/drain electrode connected to the gate of the first TFT
M41. Accordingly, the gate electrode of the first TFT M41
is connected to the scanning line Gn+2 through the second
TFT M42. Furthermore, the gate electrode of the second
TFT M42 is connected to the scanning line Gn+1. Conse-
quently, only for a period when the two scanning lines Gn+1
and Gn+2 are simultaneously equal to the selection poten-
tial, the first TFT M41 is turned on, and the potential of the
signal line Dm is supplied to the pixel electrode A41. This
implies that the first TFT M41 is a switching element which
is turned on/off in conjunction with the turning ON/OFF of
the second TFT M42.

[0149] The third TFT M43 has one source/drain electrode
connected to the signal line Dm and the other source/drain
electrode connected to the pixel electrode B41. Furthermore,
the gate electrode of the third TFT M43 is connected to the
scanning line Gn+1. Accordingly, when the potential of the
scanning line Gn+1 is equal to the selection potential, the
third TFT M43 is turned on, and the potential of the signal
line Dm is supplied to the pixel electrode B41.

[0150] In the above descriptions, the circuit construction
of the array substrate Awas described in consideration of the
arrangement of the first to third TFTs M41 to M43. Next, the
circuit construction of the array substrate A will be described
in consideration of the pixel electrodes A41 and B41. Note
that an illustration of the storage capacitor is omitted.

[0151] The display signal is supplied from the single
signal line Dm to the pixel electrodes A41 and B41. Accord-
ingly, it can be said that the signal line Dm is a signal line
Dm common to the pixel electrodes A4l and B41.

[0152] The first and second TFTs M41 and M42 are
connected to the pixel electrode A41, and the first TFT M41
is connected to the signal line Dm and to the second TFT
M42. The gate electrode of the second TFT M42 is con-
nected to the scanning line Gn+1 at the front stage of the
pixel electrodes A4l and B41. Moreover, the source/drain
electrode of the second TFT M42 is connected to the
scanning line Gn+2 at the rear stage of the pixel electrodes
A41 and B41. Herein, to supply the potential of the signal
line Dm to the pixel electrode A41, the first TFT M41 needs
to be turned on. The gate electrode of the first TFT M41 is
connected to the source/drain electrode of the second TFT
M42, and the gate electrode of the second TFT M42 is
connected to the scanning line Gn+1. The source/drain
electrode of the second TFT M42 is connected to the
scanning line Gn+2. Therefore, to allow the first TFT M41
to turn on, the second TFT M42 needs to be turned on and
the scanning line Gn+2 needs to be selected. To allow the
second TFT M42 to turn on, the potential of the scanning
line Gn+1 needs to be equal to the selection potential. Thus,
the potential from the signal line Dm is supplied to the pixel

Jun. 13,2002

electrode A41 only when the potential of the scanning line
Gn+1 at the front stage of the pixel electrode A41 and the
potential of the scanning line Gn+2 at the rear stage of the
pixel electrode A41 become equal to the selection potential.

[0153] The third TFT M43 is connected to the pixel
electrode B41, and the gate electrode of the third TFT M43
is connected to the scanning line Gn+1. Accordingly, when
the scanning line Gn+1 is selected, the potential is supplied
from the signal line Dm to the pixel electrode A42.

[0154] In the above, the descriptions were made as to the
pixel electrodes A41 and B41. However, the pixel electrodes
A42 and B42, the pixel electrodes C41 and D41, the pixel
electrodes C42 and D42, and other pixel electrodes have the
same construction.

[0155] Next, operations of the pixel electrodes A4l and
B41 depending on selections and non-selections of the
scanning lines Gn+1 to Gn+2 will be described with refer-
ence to the circuit diagrams shown in FIGS. 16 and 17 and
the timing charts of the scanning signals shown in FIG. 18.
Note that illustration styles of the circuit diagrams in FIGS.
16 and 17 and that of the timing charts in FIG. 18 are the
same as those of FIGS. 3 to 6 and FIG. 7 described in the
first embodiment.

[0156] Asshown in FIG. 16 and 18, the first to third TFTs
M41 to M43 are turned on for a period (11) from the time
when the potentials of both of the scanning lines Gn+1 and
Gn+2 become equal to the selection potential to the time
when the scanning line Gn+2 becomes equal to the non-
selection potential. Accordingly, the potential Val to be
given to the pixel electrode A41 from the signal line Dm is
supplied to the pixel electrodes A41, B41 and D41, as shown
in FIG. 16. Herein, the potential Val of the pixel electrode
A4l is determined.

[0157] After the potential of the scanning line Gn+2
becomes equal to the non-selection potential, the potential
supplied from the signal line Dm changes to the potential
Vbl to be given to the pixel electrode B41.

[0158] Next, as shown in FIG. 18, by keeping the scan-
ning line Gn+1 at the selection potential also for a period (2)
from the time when the potential of the scanning line Gn+2
becomes equal to the non-selection potential, the potential
Vbl is continuously supplied to the pixel electrode B4l as
shown in FIG. 17, and the potential of the pixel electrode
B41 is determined.

[0159] Subsequently, the potential supplied from the sig-
nal line Dm changes to the potential Vel to be given to the
pixel electrode C41 also after the potential of the scanning
line Gn+1 becomes equal to the non-selection potential. The
potentials of the pixel electrodes C41 and D41 are deter-
mined time-divisionally in the same manner as the above.

[0160] Also in the fifth embodiment, the construction is
adopted, in which a driving potential is supplied from one
signal line, for example, the signal line Dm to the two pixel
electrodes A41 and B41 adjacent to each other so as to
interpose this signal line. Accordingly, compared to the
conventional liquid crystal display apparatus in which the
pixel and the signal line correspond to each other with a
one-to-one correspondence relation, the number of the sig-
nal lines, that is, the number of the data drivers, can be
halved.
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[0161] Furthermore, in the fifth embodiment, the storage
capacitor using the scanning line is not formed, but an
independent capacitor electrode can be formed. The inde-
pendent storage capacitor has an advantage that a time
constant of the gate line is small and an unstable factor is
reduced compared to the storage capacitor using the scan-
ning line.

[0162] A liquid crystal display apparatus of the sixth
embodiment of the present invention will be described
below.

[0163] In the liquid crystal display apparatus of the first
embodiment, the numbers of the TFTs connected to the
adjacent pixels are different. For example, the two TFTs are
connected to the pixel electrode Al, and one TFT is con-
nected to the pixel electrode B1. The sixth embodiment aims
at equalizing the number of the TFTs connected to the pixel
electrodes.

[0164] The construction of the array substrate A of the
liquid crystal display apparatus according to the sixth
embodiment is shown in FIG. 19.

[0165] In the sixth embodiment, the two pixels that are the
pixel electrode A51 (pixel electrode C51, . .. ) and the pixel
electrode B51 (pixel electrode D51, . . . ) share the signal line
Dm. The data potential of the signal line Dm is supplied to
the pixel electrode AS1 when the potentials of both of the
scanning lines Gn+1 and Gn+2 become equal to the selec-
tion potential. The data potential of the signal line Dm is
supplied to the pixel electrode B51 for a period from the
time when the potential of the scanning line Gn+2 becomes
equal to the non-selection potential to the time when the
potential of the scanning line Gn+2 becomes again equal to
the selection potential.

[0166] To perform the above-described operations,
arrangements of the first to fourth TFTs M51 to M54 as a
switching element are set as follows in the sixth embodi-
ment.

[0167] First, the first TFT MS51 has one source/drain
electrode connected to the pixel electrode AS1, and the other
source/drain electrode connected to the signal line Dm. The
gate electrode of the first TFT MS51 is connected to one
source/drain electrode of the second TFT MS52.

[0168] Next, the second TFT M52 has one source/drain
electrode connected to the gate of the first TFT MS51 and the
other source/drain electrode connected to the scanning line
Gn+2. Accordingly, the gate electrode of the first TFT M31
is connected to the scanning line Gn+2 through the second
TFT M52. Furthermore, the gate electrode of the second
TFT M52 is connected to the scanning line Gn+1. Conse-
quently, only for a period when the two scanning lines Gn+1
and Gn+2 are simultaneously equal to the selection poten-
tial, the first TFT M51 is turned on, and the potential of the
signal line Dm is supplied to the pixel electrode A51. This
implies that the first TFT M51 is a switching element which
is turned on/off in conjunction with the turning ON/OFF of
the second TFT M352.

[0169] The third TFT M53 has one source/drain electrode
connected to the signal line Dm, and the other source/drain
electrode connected to the pixel electrode BS1. Furthermore,
the gate electrode of the third TFT M53 is connected to one
source/drain electrode of the fourth TFT 54. Furthermore,
the charge capacitor C is connected to the gate electrode of
the third TFT M53. This charge capacitor C has capacitance
enough to hold charges given to the gate electrode of the
third TFT M53.
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[0170] The fourth TFT M54 has one source/drain elec-
trode connected to the gate electrode of the third TFT M353
and the other source/drain electrode connected to the scan-
ning line Gn+1. Furthermore, the gate electrode of the fourth
TFT M54 is connected to the scanning line Gn+2. Accord-
ingly, the gate electrode of the third TFT M53 is connected
to the scanning line Gn+1 through the fourth TFT M54.

[0171] In the above descriptions, the circuit construction
of the array substrate A was described in consideration of the
arrangement of the first to fourth TFTs M51 to M54. Next,
the circuit construction of the array substrate A will be
described in consideration of the pixel electrodes AS51 and
B51.

[0172] The display signal is supplied from the single
signal line Dm to the pixel electrodes A51 and BS1. Accord-
ingly, it can be said that the signal line Dm is a signal line
common to the pixel electrodes AS1 and B51.

[0173] The first and second TFTs M51 and M52 are
connected to the pixel electrode AS1, and the first TFT M51
is connected to the signal line Dm and to the second TFT
M352. The gate electrode of the second TFT M52 is con-
nected to the scanning line Gn+1 at the rear stage of the pixel
electrodes A51, and the source/drain electrode of the second
TFT M52 is connected to the scanning line Gn+2 at the rear
stage of the scanning line Gn+1. Herein, to supply the
potential of the signal line Dm to the pixel electrode A31, the
first TFT MS1 has to be turned on. The gate electrode of the
first TFT M51 is connected to the source/drain electrode of
the second TFT M52, and the gate electrode of the second
TFT M52 is connected to the scanning line Gn+l. The
source/drain electrode of the second TFT M52 is connected
to the scanning line Gn+2. Therefore, to allow the first TFT
MS51 to turn on, the second TFT M52 has to be turned on and
the scanning line Gn+2 needs to be selected. To allow the
second TFT M52 to turn on, the potential of the scanning
line Gn+1 must be equal to the selection potential. Thus, the
potential from the signal line Dm is supplied to the pixel
electrode AS1 only when the potentials of the scanning lines
Gn+1 and Gn+2 become equal to the selection potential.

[0174] The third and fourth TFTs M53 and M54 are
connected to the pixel electrode B51, and the third TFT M53
is connected to the signal line Dm and to the fourth TFT
M54. One source/drain electrode of the fourth TFT M54 is
connected to the gate electrode of the third TFT M33, and
the other source/drain electrode of the fourth TFT M54 is
connected to the scanning line Gn+1. The gate electrode of
the fourth TFT M54 is connected to the scanning line Gn+2.
The charge capacitor C enough to hold charges after the
potential of the scanning line Gn+2 becomes equal to the
non-selection potential is connected to the gate electrode of
the third TFT MS53. The charges are given to the gate
electrode of the third TFT M53 when the pixel electrode A51
is selected. For this reason, as described later, the potential
of the signal line Dm is supplied to the pixel electrode B51,
for a period from the time when the potential of the scanning
line Gn+2 becomes equal to the non-selection potential to
the time when the potential of the scanning line Gn+2
becomes again equal to the selection potential and thus the
charges of the gate electrode of the third TFT M33 move to
turn off the third TFT M53.

[0175] In the above, the descriptions were made as to the
pixel electrodes AS1 and BS1. The pixel electrodes A52 and
B52, the pixel electrodes C51 and D51, the pixel electrodes
C52 and D32, and other pixel electrodes have the same
construction.
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[0176] Next, operations of the pixel electrodes A51 to D51
depending on selections of the scanning lines Gn+1 to Gn+3
will be described with reference to the circuit diagrams
shown in FIGS. 20 to 25 and the timing charts of the
scanning signals shown in FIG. 26. Note that illustration
styles of the circuit diagrams in FIGS. 20 to 25 and that of
the timing charts in FIG. 26 are the same as those of FIGS.
3 to 6 and FIG. 7 described in the first embodiment.

[0177] As shown in FIGS. 20 and 26, the first to fourth
TFTs M51 to M54 are turned on for a period (t1) from the
time when the potentials of both of the scanning lines Gn+1
and Gn+2 become equal to the selection potential to the time
when the scanning line Gn+2 becomes equal to the non-
selection potential. Accordingly, the potential Val to be
given to the pixel electrode A51 from the signal line Dm is
supplied to the pixel electrodes A51 and B51, as shown in
FIG. 20. Herein, the potential Val of the pixel electrode A51
is determined.

[0178] After the potential of the scanning line Gn+2
becomes equal to the non-selection potential, the potential
supplied from the signal line Dm changes to the potential
Vbl to be given to the pixel electrode B51.

[0179] As shown in FIGS. 21 and 26, the third TFT M53
is kept at the selection potential by the existence of the
charge capacitor C for a period (t2) after the potential of the
scanning line Gn+2 becomes equal to the non-selection
potential. Accordingly, the potential Vb1 is supplied to the
pixel electrode B51. Thereafter, as shown in FIGS. 22 and
26, when the potential of the scanning line Gn+1 becomes
equal to the non-selection potential and then the potential of
the scanning line Gn+2 becomes again equal to the selection
potential during the period t2, the third TFT M33 is cut off,
and the potential Vbl of the pixel electrode BS1 is deter-
mined.

[0180] Next, as shown in FIGS. 23 and 26, the first to
fourth TFTs M51 to M54 are turned on for a period (t3) from
the time when both of the scanning lines Gn+2 and Gn+3 are
selected to the time when the potential of the scanning line
Gn+3 becomes equal to the non-selection potential. Accord-
ingly, the potential Vcl to be given from the signal line Dm
to the pixel electrode C51 is supplied to the pixel electrodes
C51 and D51 as shown in FIG. 23. Herein, the potential Vcl
of the pixel electrode C51 is determined.

[0181] The potential supplied from the signal line Dm
changes to the potential Vdl to be given to the pixel
electrode D51 after the potential of the scanning line Gn+3
becomes equal to the non-selection potential.

[0182] As shown in FIGS. 24 and 26, the third TFT M53
of the pixel electrode D51 is kept at the selection potential
by the existence of the charge capacitor C for a period (t4)
after the potential of the scanning line Gn+3 becomes equal
to the non-selection potential. Accordingly, the potential
Vdl is supplied to the pixel electrode D51. Thereafter, as
shown in FIGS. 25 and 26, when the potential of the
scanning line Gn+2 becomes equal to the non-selection
potential and then the potential of the scanning line Gn+3
becomes again equal to the selection potential during the
period t4, the third TFT M33 of the pixel electrode D51 is
cut off, and the potential Vd1 of the pixel electrode D51 is
determined.

[0183] Thereafter, the potentials of the pixel electrodes
E51, F51 and the like are sequentially determined in the
same manner as the above.
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[0184] Also in the sixth embodiment, the construction is
adopted, in which a driving potential is supplied from one
signal line, for example, the signal line Dm to the two pixel
electrodes A51 and B51 adjacent to each other so as to
interpose one signal line, for example, the signal line Dm.
Accordingly, compared to the conventional liquid crystal
display apparatus in which the pixel and the signal line
correspond to each other with a one-to-one correspondence
relation, the number of the signal lines, that is, the number
of the data drivers, can be halved.

[0185] In addition, the storage capacitor Cs is provided
between the pixel electrode and the scanning line at the front
stage of that pixel electrode also in the liquid crystal display
apparatus of the sixth embodiment. Specifically, the storage
capacitors Cs of the pixel electrodes A5l and BS1 are
provided between the respective pixel electrodes and the
scanning line Gn at the front stage of these pixel electrodes,
as shown in FIG.

[0186] Therefore, it is possible to provide a high quality
image also in the liquid crystal display apparatus of the sixth
embodiment.

[0187] Furthermore, according to the sixth embodiment,
the number of the TFTs connected to the pixel electrodes
AS51 and B51 is two, and any of the gate electrodes of the
first and third TFTs M51 and M53 connected to the signal
line Dm is indirectly connected to the scanning line. Accord-
ingly, the electrical characteristics of the pixel electrodes
AS51 and B51 can be made to match with each other, and a
degradation of uniformity in a distribution of a display
characteristic owing to a signal delay in the scanning line
can be prevented.

[0188] As described above, according to the present
invention, the number of the signal lines, that is, the number
of the data drivers can be reduced by half or less without
enlarging a size of the switching element. Furthermore, the
image display device of the present invention using the
scanning line as the storage capacitor can reduce the number
of the data drivers by half. Therefore, the image display
apparatus to which the present invention is applied, typi-
cally, the liquid crystal display apparatus, can cope with a
high definition.

[0189] Although the preferred embodiments of the present
invention have been described in detail, it should be under-
stood that various changes, substitutions and alternations
can be made therein without departing from spirit and scope
of the inventions as defined by the appended claims.

1. An image display device, comprising:
a plurality of signal lines for supplying display signals;

a plulrality of scanning lines for supplying scanning sig-
nals;

first and second pixel electrodes to which said display
signals are supplied from specified one of said signal
lines;

a first switching element disposed between the specified
one of said signal lines and said first pixel electrode,
said first switching element having a gate electrode for
controlling supply of said display signals;

a second switching element disposed between said gate
electrode of said first switching element and specified
one of said scanning lines; and
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a third switching element connected to the specified one
of said signal lines, the third switching element being
for controlling supply of said display signals to said
second pixel electrode.

2. The image display device according to claim 1,

wherein a scanning line having nothing to do with drive
of said first and second pixel electrodes is formed, a
storage capacitor is formed between said scanning line
and each of said first and second pixel electrodes.

3. The image display device according to claim 1,

wherein a storage capacitor is formed between a specified
scanning line and each of said first and second pixel
electrodes, said specified scanning line being disposed
at a front stage of said first and second pixel electrodes.
4. An image display device comprising:

a signal line for supplying a display signal,

first and second pixel electrodes arranged so as to inter-
pose said signal line therebetween;

a first switching element connected to said signal line, the
first switching element being for controlling supply of
said display signal to said first pixel electrode;

a second switching element connected to said first switch-
ing element;

a third switching element connected to said signal line, the
third switching element being for controlling supply of
said display signals to said second pixel electrode;

a first scanning line for supplying a scanning signal to said
second and third switching elements; and

a second scanning line for supplying a scanning signal to
said first switching element.
5. The image display device according to claim 4,

wherein said first scanning line is disposed at a rear stage
of said first and second pixel electrodes, and

said second scanning line is disposed at a rear stage of
said first scanning line.
6. The image display device according to claim 4,

wherein a third scanning line is provided at a front stage
of said first and second pixel electrodes, and

a storage capacitor is formed between said third scanning
line and each of said first and second pixel electrodes.
7. The image display device according to claim 4,

wherein said first switching element directly connects said
first pixel electrode and said signal line.
8. The image display device according to claim 4,

wherein said first scanning line is arranged at a front stage
of said first and second pixel electrodes, and

said second scanning line is arranged at a rear stage of
said first and second pixel electrodes.

9. The image display device according to claim 4, further

comprising:

a fourth switching element connected to said third switch-
ing element, the fourth switching element being sup-
plied with a scanning signal from said second scanning
line.
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10. An image display device, in which a plurality of signal
lines for supplying display signals and a plurality of scan-
ning lines for supplying scanning signals are arrayed in a
matrix fashion, comprising:

first and second pixel electrodes arranged between a n-th
scanning line and a (n+1)-th scanning line (n: positive
integer), the first and second pixel electrodes being
supplied with a display signal from a specified signal
line;

a first switching mechanism for permitting the display
signal to pass thercthrough when said (n+1)-th scan-
ning line and a (n+m)-th scanning line (m: integer
excluding 0 and 1) are simultaneously being selected;
and

a second switching mechanism for permitting the display
signal to pass through to said second pixel electrode
when said (n+1)-th scanning line is being selected.

11. The image display device according to claim 10,

wherein a storage capacitor is formed between each of
said first and second pixel electrodes and said n-th
scanning line.

12. The image display device according to claim 10,

wherein said first switching mechanism includes:

a first switching element connected to said specified
signal line, the first switching element being driven
by a scanning signal supplied from said (o+1)-th
scanning line; and

a second switching element connected to said first
switching element, the second switching element
being driven by a scanning signal supplied from said
(n+m)-th scanning line.

13. An image display device comprising:

a plurality of signal lines for supplying display signals;

a plulrality of scanning lines for supplying scanning sig-
nals;

a first pixel electrode arranged between a n-th scanning
line (n: positive integer) and a (n+1)-th scanning line,
the first pixel electrode being connected to a specified
signal line; and

a second pixel electrode connected to said specified signal
line, wherein said first pixel electrode is driven by a
first scanning signal from the (n+1)-th scanning line
and by a second scanning signal from a (n+m)-th
scanning line (m: integer excluding O and 1), and

said second pixel electrode is driven by a scanning signal

from said (o+1)-th scanning line.

14. An image display apparatus, which arrays pixels in a
matrix fashion composed of M rows and N columns (M and
N: arbitrary positive integer) to form an image display
section,

said image display apparatus comprising:

a signal line driving circuit for supplying display sig-
nals;

a scanning line driving circuit for supplying scanning
signals;
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a plurality of signal lines extending from said signal
line driving circuit;

a plurality of scanning lines extending from said scan-
ning line driving circuit;

first and second pixel electrodes arranged between a
n-th scanning line (n: positive integer equal to N or
less) and a (n+1)-th scanning line so as to be adjacent
to each other with a specified signal line interposed
therebetween;

a first switching element driven by a scanning signal
from a (n+2)-th scanning line, the first switching
element being for controlling supply of a display
signal from said specified signal line to said first
pixel electrode;

a second switching element driven by a scanning signal
from said (n+1)-th scanning line, the second switch-
ing element being for controlling turning ON/OFF of
said first switching element; and

a third switching element driven by a scanning signal
from said (n+1)-th scanning line, the third switching
element being for controlling supply of a display
signal from said specified signal line to said second
pixel electrode.

15. The image display apparatus according to claim 14,
further comprising:

a fourth switching element driven by the scanning signal
from said (o+2)-th scanning line, the fourth switching
element being for controlling turning ON/OFF of said
third switching element.

16. An image display apparatus, which arrays pixels in a
matrix fashion composed of M rows and N columns (M and
N: arbitrary positive integer) to form an image display
section,

said image display apparatus comprising;

a signal line driving circuit for supplying display sig-
nals;

a scanning line driving circuit for supplying scanning
signals;

a plurality of signal lines extending from said signal
line driving circuit;

a plurality of scanning lines extending from said scan-
ning line driving circuit;

first and second pixel electrodes arranged between a
n-th scanning line (n: positive integer equal to N or
less) and a (n+1)-th scanning line so as to be adjacent
to each other with a specified signal line interposed
therebetween;

a first switching element driven by a scanning signal
from said (n+1)-th scanning line, the first switching
element being for controlling supply of a display
signal from said specified signal line to said first
pixel electrode;

a second switching element driven by a scanning signal
from a (n+2)-th scanning line, the second switching
element being arranged between said first switching
element and said first pixel electrode; and
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a third switching element driven by the scanning signal
from said (n+1)-th scanning line, the third switching
element being for controlling supply of a display
signal from said specified signal line to said second
pixel electrode.

17. The image display apparatus according to claim 16,
wherein a storage capacitor is formed between each of said
first and second pixel electrodes and said n-th scanning line.

18. An image display apparatus, which arrays pixels in a
matrix fashion composed of M rows and N columns (M and
N: arbitrary positive integer) to form an image display
section,

said image display apparatus comprising:

a signal line driving circuit for supplying display sig-
nals;

a scanning line driving circuit for supplying scanning
signals;

a plurality of signal lines extending from said signal
line driving circuit;

a plurality of scanning lines extending from said scan-
ning line driving circuit;

first, second and third pixel electrodes arranged
between a n-th scanning line (n: positive integer
equal to N or less) and a (n+1)-th scanning line, the
first, second and third pixel electrodes being supplied
with a display signal from a specified signal line,

a first switching element driven by a scanning signal
from a (n+3)-th scanning line, the first switching
element being for controlling supply of the display
signal from said specified signal line to said first
pixel electrode;

a second switching element driven by a scanning signal
from said (n+1)-th scanning line, the second switch-
ing element being for controlling turning ON/OFF of
said first switching element;

a third switching element driven by the scanning signal
from said (n+1)-th scanning line, the third switching
element being for controlling supply of the display
signal from said specified signal line to said second
pixel electrode;

a fourth switching element driven by a scanning signal
from a (n+2)-th scanning line, the fourth switching
element being for controlling supply of the display
signal from said specified signal line to said third
pixel electrode; and

a fifth switching element driven by the scanning signal
from said (n+1)-th scanning line, the fifth switching
element being for controlling turning ON/OFF of
said fourth switching element.

19. The image display apparatus according to claim 18,
wherein said signal line driving circuit sequentially supplies
said specified signal line with a display signal having a
potential to be given to said first pixel electrode, a display
signal having a potential to be given to said second pixel
electrode, and a display signal having a potential to be given
to said third pixel electrode.

20. An image display apparatus, which arrays pixels in a
matrix fashion composed of M rows and N columns (M and
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N: arbitrary positive integer) to form an image display
section,

said image display apparatus comprising:

a signal line driving circuit for supplying display sig-
nals;

a scanning line driving circuit for supplying scanning
signals;

a plurality of signal lines extending from said signal
line driving circuit,

a plurality of scanning lines extending from said scan-
ning line driving circuit; and

first, second and third pixel electrodes arrayed on the
same display line, the first, second and third pixel
electrodes being supplied with display signals from
a specified signal line,

wherein said first, second and third pixel electrodes are
driven by scanning signals from different scanning
lines.

21. An image display apparatus, which arrays pixels in a
matrix fashion composed of M rows and N columns (M and
N: arbitrary positive integer) to form an image display
section,

said image display apparatus comprising:

a signal line driving circuit for supplying display sig-
nals;

a scanning line driving circuit for supplying scanning
signals;

a plurality of signal lines extending from said signal
line driving circuit;

a plurality of scanning lines extending from said scan-
ning line driving circuit;

first and second pixel electrodes arranged between a
n-th scanning line (n: positive integer equal to N or
less) and a (n+1)-th scanning line so as to be adjacent
to each other with a specified signal line interposed
therebetween;

a first switching element driven by a scanning signal
from said (n+1)-th scanning line, the first switching
element being for controlling supply of a display
signal from said specified signal line to said first
pixel electrode;

a second switching element driven by a scanning signal
from said n-th scanning line, the second switching
element being for controlling turning ON/OFF of
said first switching element; and

a third switching element driven by the scanning signal
from said n-th scanning line, the third switching
element being for controlling supply of the display
signal from said specified signal line to said second
pixel electrode.

22. An image display apparatus, which arrays pixels in a
matrix fashion composed of M rows and N columns (M and
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N: arbitrary positive integer) to form an image display
section,

said image display apparatus comprising:

a signal line driving circuit for supplying display sig-
nals;

a scanning line driving circuit for supplying scanning
signals;

a plurality of signal lines extending from said signal
line driving circuit;

a plurality of scanning lines extending from said scan-
ning line driving circuit;

first and second pixel electrodes arranged between a
n-th scanning line (n: positive integer equal to N or
less) and a (n+1)-th scanning line so as to be adjacent
to each other with a specified signal line interposed
therebetween;

a first switching element driven by a scanning signal
from said (n+2)-th scanning line, the first switching
element being for controlling supply of a display
signal from said specified signal line to said first
pixel electrode;

a second switching element driven by a scanning signal
from said (n+1)-th scanning line, the second switch-
ing element being for controlling turning ON/OFF of
said first switching element;

a third switching element driven by the scanning signal
from said (n+1)-th scanning line, the third switching
element being for controlling supply of the display
signal from said specified signal line to said second
pixel electrode;

o

fourth switching element driven by the scanning
signal from said (n+2)-th scanning line, the fourth
switching element being for controlling turning
ON/OFF of said first switching element; and

I3

charge capacitor connected to said third switching
element, the charge capacitor being capable of hold-
ing charges given to said third switching element.
23. An image display apparatus, comprising:

a plurality of signal lines for supplying display signals;

a plurality of scanning lines for supplying scanning sig-
nals;

a pixel electrode supplied with a display signal from a
specified signal line;

a storage capacitor arranged between said pixel electrode
and one of said scanning lines adjacent to said pixel
clectrode;

a first switching element connected to said pixel elec-
trode; and

a second switching element for controlling turning
ON/OFF of said first switching element.

24. An image display apparatus, comprising:

a plurality of signal lines for supplying display signals;

a plurality of scanning lines for supplying scanning sig-
nals;



US 2002/0070905 Al

a pixel electrode supplied with a display signal from a
specified signal line; and

a storage capacitor arranged between said pixel electrode
and one of said scanning lines adjacent to said pixel
electrode,

wherein said pixel electrode is driven by scanning signals
supplied from at least two scanning lines excluding the
one of said scanning lines.

25. A method of driving an image display device which
comprises: a plurality of signal lines for supplying display
signals; a plurality of scanning lines for supplying scanning
signals; a first pixel electrode arranged between a n-th
scanning line and a (n+1)-th scanning line (n: arbitrary
positive integer), the first pixel electrode being connected to
a specified signal line; and a second pixel electrode con-
nected to said specified signal line, the method comprising
the steps of:
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supplying a first display signal to said specified signal
line, the first display signal having a first potential to be
given to said first pixel electrode, for a period from the
time when potentials of said (n+1)-th scanning line and
a (n+m)-th scanning line (m: integer excluding 0 and 1)
become equal to a selection potential to the time when
the potential of one of said (n+1)-th scanning line and
said (n+m)-th scanning line becomes equal to a non-
selection potential, thus giving said first potential to
said first and second pixel electrodes; and

supplying a second display signal to said specified signal
line, the second display signal having a second poten-
tial to be given to said second pixel electrode, after the
potential of one of said (n+1)-th scanning line and said
(n+m)-th scanning line becomes equal to the non-
selection potential, thus giving said second potential to
said second pixel electrode.
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