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This display device has a demultiplexer (501) formed on a
liquid crystal panel, the demultiplexer including three switch-
ing elements SW, to SW; for time-division drive, which are
connected to video signal lines SL, to SL,. Here, the number
of switching control signal lines for transmitting switching
control signals GS, to GS, to be provided to switching ele-
ments coupled to the video signal lines is six, which is twice
the number of time divisions, and switching control signals
(e.g., GS, and GS,) with the same timing are individually
transmitted by two switching control signal lines, so that the

(30) Foreign Application Priority Data number of switching elements to be coupled to the switching
control signal lines as loads can be halved, resulting in
Jan. 24,2011 (JP) e 2011011710 reduced waveform rounding of the control signals.
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DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to active-matrix dis-
play devices, more specifically to a display device employing
a mode of driving video signal lines in a time-division man-
ner, in which a driver circuit sequentially outputs video sig-
nals to a number of video signal lines, which transmit the
video signals to a plurality of pixel forming portions for
forming an image to be displayed, via switching elements,
and the invention also relates to a drive method therefor.

BACKGROUND ART

[0002] In a general active-matrix liquid crystal display
device including a liquid crystal panel with a display area, the
liquid crystal panel consists of two substrates with a liquid
crystal layer provided therebetween, one of the two substrates
has a plurality of data lines, which serve as video signal lines,
and a plurality of gate lines, which serve as scanning signal
lines, arranged in a matrix, and the substrate also has a plu-
rality of pixel forming portions arranged in a matrix so as to
correspond to intersections of the data lines and the gate lines.
The pixel forming portions are components for providing
image display on the liquid crystal panel, and each of them
includes a TFT (thin-film transistor), which is a switching
element with a gate terminal connected to the gate line and a
source terminal connected to the data line, and also includes
a pixel electrode and an auxiliary capacitor connected to a
drain terminal of the TFT. The other of the two substrates has
a common electrode provided thereon, and a voltage to be
applied to the liquid crystal has a value corresponding to a
difference between a voltage supplied to the common elec-
trode and a voltage supplied to the pixel electrode, so that
display is provided in accordance with the voltage value.
[0003] Such an active-matrix liquid crystal display device
has a data driver for driving the data lines of the liquid crystal
panel, a gate driver for driving the gate lines, a common
electrode driver circuit for driving the common electrode, and
a display control circuit for controlling the data driver, the
gate driver, and the common electrode driver circuit. Note that
the gate driver, the data driver, and other circuits can be
formed on the glass substrate by. for example, an LTPS pro-
cess using low-temperature polysilicon (abbreviated below as
“LIPS”), or they can be mounted on a glass substrate by COG
(chip-on-glass) technology, or provided outside a glass sub-
strate, as a semiconductor device with all or part of the above
circuits being integrated on a semiconductor substrate (such a
device will be simply referred to below as an “1C”).

[0004] Here, with recent advancement in high display
image resolution on display devices, the number of signal
lines per unit length has increased significantly, for example,
in display devices, such as active-matrix liquid crystal display
devices, which require signal lines (data lines or gate lines)
whose number corresponds to the resolution of images to be
displayed. As a result, the driver circuit that applies signals to
the signal lines has an extremely narrow pitch of connections
(referred to below as “connection pitch”) of output terminals
of the driver circuit and the signal lines of the display panel.
Such a tendency toward a narrow connection pitch as accom-
panied by advancement in high display image resolution is
particularly noticeable at connections of video signal lines
and a driver circuit therefor (data driver) in a color display
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device, such as a color liquid crystal display device, in which
a unit of display consists of three adjacent pixels, R (red), G
(green), and B (blue).

[0005] In a conventional liquid crystal display device pro-
posed to overcome such an issue, the video signal lines are
divided into groups of two or more (e.g., three video signal
lines corresponding to three adjacent pixels, R, G, and B), and
one output terminal of the video signal line driver circuit is
assigned per group of video signal lines such that video sig-
nals are applied through all output terminals to the groups of
video signal lines in a time-division manner during one hori-
zontal scanning period for image display.

[0006] In the liquid crystal display device employing a
mode of driving video signal lines in a time-division marner
as described above, the time period for which to charge each
video signal line is shortened in accordance with the number
of video signal lines in each group, i.e., the number of time
divisions by change-over switches, and where the number of
time divisions is d, the time period for which to charge each
video signal line is 1/d or less than 1/d of that for a regular
liquid crystal display device, which does not employ the
mode of driving video signal lines in a time-division manner.
However, by forming change-over switches with the number
of time divisions d on a substrate of a liquid crystal panel, the
connection pitch of output terminals of a video signal line
driver circuit and the video signal lines can be d-fold of that in
aregular liquid crystal display device. Moreover, with such a
configuration, the number of chips can be reduced where a
video signal line driver circuit consisting of a plurality of
integrated circuit chips (IC chips) is used for driving one
liquid crystal panel. The advantage of such a video-signal-
line time-division drive mode is widely known, and therefore,
the video signal lines are often divided into groups of three
that transmit video signals to three adjacent pixels, R (red), G
(green), and B (blue).

[0007] In this manner, in the liquid crystal display device
employing the video-signal-line time-division drive mode,
the time period for which to charge each video signal line is
1/d or less than 1/d of that for a regular liquid crystal display
device. Therefore, control signals (control pulses) to be pro-
vided to the change-over switches preferably have as little
waveform rounding as possible, so that the change-over
switches are reliably kept on for a time period required for
charging. As waveform rounding increases, more time is
taken until an on-state potential for turning on the change-
over switch is reached, resulting in a shorter period of time for
which the change-over switch is kept on.

[0008] In this regard, Japanese Laid-Open Patent Publica-
tion No. 2004-271729 discloses a display device in which
change-over switches are arranged with respect to control
signal lines for transmitting control signals, such that dis-
tances between adjacent change-over switches and their
respective control signal input terminals are approximately
equal, whereby the control signals provided to the change-
over switches have approximately the same degree of wave-
form rounding, and further, the control signals are inputted to
the control signal lines from both ends, thereby reducing
waveform rounding of the control signals. Such a configura-
tion reduces uneven display due to waveform rounding.

CITATION LIST

Patent Document

[0009] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2004-271729
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0010] However, in the case where the configuration
described in Japanese Laid-Open Patent Publication No.
2004-271729 is applied to a high-resolution display device
with a particularly large number of video signal lines, control
signals provided to change-over switches provided distantly
from input terminals have increased waveform rounding.
Specifically, an increase in number of change-over switches
coupled to control signal lines between the input terminals
and these (distantly provided) change-over switches results in
alarger load, hence increased waveform rounding. Therefore,
even with the configuration in which control signals are input-
ted to control signal lines from both ends, waveform rounding
of control signals might not be reduced to a significantly
lesser degree.

[0011] Furthermore, for the display panel that is used for a
device which needs to be compact, such as a handheld termi-
nal, an area (called a frame area) that is outside a display
screen and does not contribute to display is required to be as
small as possible. Accordingly, to reduce the frame area, it is
necessary in some cases to adopt a configuration in which
control signals are inputted to control signal lines from one
side, and in such a case, waveform rounding of the control
signals cannot be reduced to a significantly lesser degree.

[0012] Therefore, an objective of the present invention is to
provide a display device employing the video-signal-line
time-division drive mode as above, and a drive method there-
for, in which waveform rounding of control signals that are
provided to switches coupled to video signal lines is reduced.

Solution to the Problems

[0013] A first aspect of the present invention is directed to
an active-matrix display device with a plurality of pixel form-
ing portions for forming an image to be displayed, a plurality
of video signal lines for transmitting video signals represent-
ing the image to be displayed, a plurality of scanning signal
lines crossing the video signal lines, and a plurality of control
signal lines for transmitting control signals to control a plu-
rality of switching elements provided so as to respectively
correspond to the video signal lines, the pixel forming por-
tions being arranged in a matrix in correspondence with
respective intersections of the video signal lines and the scan-
ning signal lines, the device comprising:

[0014] a scanning signal line driver circuit for selectively
driving the scanning signal lines;

[0015] a video-signal-line time-division drive portion for
driving the video signal lines by sequentially applying image
signal inputted to represent the image to be displayed, to the
video signal lines via the switching elements in a time-divi-
sion manner within a predetermined period; and

[0016] a display control circuit for providing the control
signals to the switching elements via the control signal lines,
thereby controlling the switching elements so as to be kept on
for a period required for providing video signals to pixel
forming portions coupled to the scanning signal lines selected
by the scanning signal line driver circuit, the video signals
being transmitted by video signal lines corresponding to the
pixel forming portions, wherein,
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[0017] the video-signal-line time-division drive portion
includes:
[0018] a video signal output circuit with a plurality of

first output terminals respectively corresponding to a
plurality of video signal line groups into which the video
signal lines are divided, the video signal output circuit
outputting video signals from the first output terminals
in the time-division manner so as to be transmitted by the
video signal line groups corresponding to the first output
terminals; and
[0019] a demultiplexer having the switching elements
that connect each of the first output terminals of the
video signal output circuit to one of the video signal lines
in the video signal line group corresponding to that first
output terminal and switch the video signal line to be
connected to the first output terminal among the video
signal line group corresponding to the first output termi-
nal in accordance with the time-division manner, and
[0020] the control signal lines are divided into sets whose
number is equivalent to the number of time divisions, each set
having a plurality of control signal lines for transmitting a
plurality of control signals to control switching elements that
are to be turned on within a unit period of the time division.
[0021] Inasecond aspect of the present invention, based on
the first aspect of the invention, there are further included
buffer circuits respectively coupled to the control signal lines,
for each set of control signal lines, the display control circuit
has one second output terminal for outputting the control
signal, and the buffer circuits receive the control signals out-
putted from the second output terminals corresponding to the
sets of control signal lines, and provide the control signals to
the control signal lines coupled thereto.
[0022] In a third aspect of the present invention, based on
the second aspect of the invention, for each set of control
signal lines, the number of buffer circuits provided between
the control signal line coupled thereto and the second output
terminal corresponding to that set of control signal lines var-
ies among the same set of control signal lines so that control
signals transmitted by the coupled control signal lines have
different phases among the same set of control signal lines.
[0023] Ina fourth aspect of the present invention, based on
the second aspect of the invention, the display control circuit
applies the control signals to the control signal lines only from
one end, and the buffer circuits are coupled to that end.
[0024] In a fifth aspect of the present invention, based on
the second aspect of the invention, the display control circuit
applies the control signals to the control signal lines from both
ends, and the buffer circuits are coupled to either of the ends.
[0025] In a sixth aspect of the present invention, based on
the second aspect of the invention, the display control circuit
applies the control signals to the control signal lines from an
input point other than both ends, and the buffer circuits are
coupled to the input point.
[0026] Inaseventhaspectofthe presentinvention, based on
the first aspect of the invention, there are further included a
plurality of buffer circuits respectively coupled to the control
signal lines, for each set of switching elements to be turned on
within a unit period of the time division, the buffer circuits
receive control signals from the control signal lines coupled
thereto, and provide the control signals to switching elements
respectively coupled to different first output terminals among
the same set of switching elements.
[0027] Inaneighthaspectofthe present invention, based on
the first aspect of the invention, the first output terminals of
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the video signal output circuit respectively correspond to
video signal line groups into which the video signal lines are
divided, each group consisting of adjacent video signal lines
respectively coupled to a plurality of pixel forming portions
that respectively display predetermined primary colors.
[0028] In a ninth aspect of the present invention, based on
the first aspect of the invention, for each set of control signal
lines, the display control circuit outputs control signals that
rise and fall at different times from each other during the unit
period.

[0029] In a tenth aspect of the present invention, based on
the first aspect of the invention, there are further included
delay circuits, each being coupled to one of the control signal
lines, and the delay circuits are provided one or more for each
set of control signal lines such that control signals transmitted
by the set of control signal lines have different phases from
each other during the unit period.

[0030] Inan eleventh aspect ofthe present invention, based
on the first aspect of the invention, the display control circuit
applies the control signals to the control signal lines only from
one end.

[0031] Inatwelfthaspect ofthe present invention, based on
the first aspect of the invention, the display control circuit
applies the control signals to the control signal lines from both
ends.

[0032] Inathirteenth aspect of the present invention, based
on the first aspect of the invention, the display control circuit
applies the control signals to the control signal lines from an
input point other than both ends.

[0033] A fourteenth aspect of the present invention is
directed to an active-matrix display device with a plurality of
pixel forming portions for forming an image to be displayed,
aplurality of video signal lines for transmitting video signals
representing the image to be displayed, a plurality of scanning
signal lines crossing the video signal lines, and a plurality of
control signal lines for transmitting control signals to control
a plurality of switching elements provided so as to respec-
tively correspond to the video signal lines, the pixel forming
portions being arranged in a matrix in correspondence with
respective intersections of the video signal lines and the scan-
ning signal lines, the device comprising:

[0034] a scanning signal line driver circuit for selectively
driving the scanning signal lines;

[0035] a video-signal-line time-division drive portion for
driving the video signal lines by sequentially applying image
signal inputted to represent the image to be displayed, to the
video signal lines via the switching elements in a time-divi-
sion manner within a predetermined period,

[0036] a plurality of buffer circuits respectively coupled to
the control signal lines; and

[0037] a display control circuit for providing the control
signals to the switching elements via the buffer circuits
coupled to the control signal lines, thereby controlling the
switching elements so as to be kept on for a period required
for providing video signals to pixel forming portions coupled
to the scanning signal lines selected by the scanning signal
line driver circuit, the video signals being transmitted by
video signal lines corresponding to the pixel forming por-
tions, wherein,

[0038] the video-signal-line time-division drive portion
includes:
[0039] a video signal output circuit with a plurality of

first output terminals respectively corresponding to a
plurality of video signal line groups into which the video
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signal lines are divided, the video signal output circuit
outputting video signals from the first output terminals
in the time-division manner so as to be transmitted by the
video signal line groups corresponding to the first output
terminals; and
[0040] a demultiplexer having the switching elements
that connect each of the first output terminals of the
video signal output circuit to one of the video signal lines
in the video signal line group corresponding to that first
output terminal and switch the video signal line to be
connected to the first output terminal among the video
signal line group corresponding to the first output termi-
nal in accordance with the time-division manner,
[0041] the control signal lines are provided in a number
equivalent to the number of time divisions, and
[0042] for each set of switching elements to be turned on
within a unit period of the time division, the buffer circuits
receive control signal transmitted by the control signal line
coupled thereto, and respectively output the control signals to
control switching elements coupled within the same set.
[0043] In a fifteenth aspect of the present invention, based
on the fourteenth aspect of the invention, for each set of
switching elements, the number of buffer circuits provided
between the control signal line coupled thereto and the
coupled switching elements varies among the same set of
switching elements so that control signals transmitted to the
coupled switching elements have different phases among the
same set of switching elements during the unit period.
[0044] A sixteenth aspect of the present invention is
directed to a method for driving an active-matrix display
device with a plurality of pixel forming portions for forming
an image to be displayed, a plurality of video signal lines for
transmitting video signals representing the image to be dis-
played, a plurality of scanning signal lines crossing the video
signal lines, and a plurality of control signal lines for trans-
mitting control signals to control a plurality of switching
elements provided so as to respectively correspond to the
video signal lines, the pixel forming portions being arranged
in amatrix in correspondence with respective intersections of
the video signal lines and the scanning signal lines, the
method comprising:
[0045] ascanning signal line drive step of selectively driv-
ing the scanning signal lines;
[0046] a video-signal-line time-division drive step of driv-
ing the video signal lines by sequentially applying image
signal inputted to represent the image to be displayed, to the
video signal lines via the switching elements in a time-divi-
sion manner within a predetermined period; and
[0047] a display control step of providing the control sig-
nals to the switching elements via the control signal lines,
thereby controlling the switching elements so as to be kept on
for a period required for providing video signals to pixel
forming portions coupled to the scanning signal lines selected
by the scanning signal line driver circuit, the video signals
being transmitted by video signal lines corresponding to the
pixel forming portions, wherein,

[0048] the video-signal-line time-division drive step
includes:
[0049] an output step by a video signal output circuit

with a plurality of first output terminals respectively
corresponding to a plurality of video signal line groups
into which the video signal lines are divided, the video
signal output circuit outputting video signals from the
first output terminals in the time-division manner so as to
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be transmitted by the video signal line groups corre-
sponding to the first output terminals; and
[0050] a switching step by a demultiplexer having the
switching elements that connect each of the first output
terminals of the video signal output circuit to one of the
video signal lines in the video signal line group corre-
sponding to that first output terminal and switch the
video signal line to be connected to the first output
terminal among the video signal line group correspond-
ing to the first output terminal in accordance with the
time-division manner, and
[0051] the control signal lines are divided into sets whose
number is equivalent to the number of time divisions, each set
consisting of a plurality of control signal lines for transmit-
ting a plurality of control signals to control switching ele-
ments that are to be turned on within a unit period of the time
division.
[0052] A seventeenth aspect of the present invention is
directed to a method for driving an active-matrix display
device with a plurality of pixel forming portions for forming
an image to be displayed, a plurality of video signal lines for
transmitting video signals representing the image to be dis-
played, a plurality of scanning signal lines crossing the video
signal lines, and a plurality of control signal lines for trans-
mitting control signals to control a plurality of switching
elements provided so as to respectively correspond to the
video signal lines, the pixel forming portions being arranged
in amatrix in correspondence with respective intersections of
the video signal lines and the scanning signal lines, the
method comprising:
[0053] ascanning signal line drive step of selectively driv-
ing the scanning signal lines;
[0054] a video-signal-line time-division drive step of driv-
ing the video signal lines by sequentially applying image
signal inputted to represent the image to be displayed, to the
video signal lines via the switching elements in a time-divi-
sion manner within a predetermined period,;
[0055] astep of driving a plurality of buffer circuits respec-
tively coupled to the control signal lines; and
[0056] a display control step of providing the control sig-
nals to the switching elements via the buffer circuits coupled
to the control signal lines, thereby controlling the switching
elements so as to be kept on for a period required for provid-
ing video signals to pixel forming portions coupled to the
scanning signal lines selected in the scanning signal line drive
step, the video signals being transmitted by video signal lines
corresponding to the pixel forming portions, wherein,

[0057] the video-signal-line time-division drive step
includes:
[0058] an output step by a video signal output circuit

with a plurality of first output terminals respectively
corresponding to a plurality of video signal line groups
into which the video signal lines are divided, the video
signal output circuit outputting video signals from the
first output terminals in the time-division manner so as to
be transmitted by the video signal line groups corre-
sponding to the first output terminals; and

[0059] a switching step by a demultiplexer having the
switching elements that connect each of the first output
terminals of the video signal output circuit to one of the
video signal lines in the video signal line group corre-
sponding to that first output terminal and switch the
video signal line to be connected to the first output
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terminal among the video signal line group correspond-
ing to the first output terminal in accordance with the
time-division manner,
[0060] the control signal lines are provided in a number
equivalent to the number of time divisions, and
[0061] for each set of switching elements to be turned on
within a unit period of the time division, the buffer circuits
receive control signal transmitted by the control signal line
coupled thereto, and respectively output the control signals to
control switching elements coupled within the same set.

Effect of the Invention

[0062] According to the first aspect of the present inven-
tion, the control signal lines are divided into sets whose num-
ber is equivalent to the number of time divisions, each set
consisting of a plurality of control signal lines for transmit-
ting a plurality of control signals to control switching ele-
ments that are to be turned on within a unit period of the time
division, and therefore, when compared to the configuration
provided with control signal lines whose number is equiva-
lent to the number of time divisions, the number of switching
elements coupled to the control signal lines can be reduced to
a half or less (e.g., a half where each set consists of two
control signal lines). Accordingly, waveform rounding of the
control signals transmitted by the control signal lines can be
reduced. As a result, an appropriate turn-on time can be
ensured for each switching element, whereby display defects
due to insufficient charge in the pixel forming portions can be
inhibited or eliminated.

[0063] According to the second aspect of the present inven-
tion, the display control circuit has one output terminal for
each set of control signal lines, resulting in a simplified con-
figuration, and there is no increase in the number of lines from
the display control circuit to the buffer circuits, leading to
simplified wiring.

[0064] According to the third aspect of the present inven-
tion, for each set of control lines, the number of buffer circuits
provided between the control signal line coupled thereto and
the second output terminal corresponding to that set of con-
trol signal lines varies among the same set of control signal
lines so that control signals transmitted by the coupled control
signal lines have different phases among the same set of
control signal lines, making it possible to reduce the maxi-
mum instantaneous cutrent (inrush current) that occurs in the
power source at the rise or fall of the control signals among
the same set. Thus, power source noise can be suppressed,
thereby inhibiting or eliminating malfunction (or undesirable
operations or suchlike) of the display device due to power
source noise.

[0065] According to the fourth aspect of the present inven-
tion, the buffer circuits are provided only between the display
control circuit and one end of the control signal lines, so that
only a portion of the frame area, which is close to the end of
control signal lines, is used. Thus, the frame area of the
display device can be reduced.

[0066] According to the fifth aspect of the present inven-
tion, the buffer circuits are provided at both ends of the control
signal lines, and therefore, (if there is no other input point,)
waveform rounding of the control signals is maximized at the
center of the control signal lines. As a result, when compared
to the case where the buffer circuits are provided only on one
side, waveform rounding is reduced, and therefore, even in a
high-resolution display panel with a number of video signal
lines, an appropriate turn-on time can be ensured for each
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switching element. Thus, in such a case also, display defects
due to insufficient charge in the pixel forming portions can be
inhibited or eliminated.

[0067] According to the sixth aspect of the present inven-
tion, the buffer circuits are provided other than at both ends of
the control signal lines, so that the distance of wiring from the
outputs of the display control circuit to the buffer circuits can
be minimized in accordance with the position of the display
control circuit, curtailing an unnecessary wiring area. More-
over, in the case where the buffer circuits are provided near
the center of the control signal lines, waveform rounding of
the control signals is maximized at both ends of the control
signal lines, and therefore, when compared to, for example,
the case where the buffer circuits are provided only on one
side, waveform rounding is reduced. Thus, even in a high-
resolution display panel with a number of video signal lines,
an appropriate turn-on time can be ensured for each switching
element, and in such a case also, display defects due to insuf-
ficient charge in the pixel forming portions can be inhibited or
eliminated.

[0068] According to the seventh aspect of the present
invention, there are further provided a plurality of buffer
circuits respectively coupled to the control signal lines such
that the buffer circuits receive control signals from the control
signallines coupled thereto, and provide the control signals to
a set of switching elements respectively coupled to different
first output terminals, and therefore, the buffer circuits can
reduce or eliminate the load on the control signal lines from
the switching elements connected thereto. Thus, waveform
rounding of the control signals transmitted by the control
signal lines can be reduced, whereby display defects due to
insufficient charge in the pixel forming portions can be inhib-
ited or eliminated.

[0069] According to the eighth aspect of the present inven-
tion, the first output terminals of the video signal output
circuit respectively correspond to video signal line groups
into which the video signal lines are divided, each group
consisting of adjacent video signal lines respectively coupled
to a plurality of pixel forming portions that respectively dis-
play predetermined primary colors, and therefore, it is ren-
dered possible to achieve a simplified drive configuration in
which video signals are sequentially outputted from the first
output terminals, with one primary color for each unit period
of the time division.

[0070] According to the ninth aspect of the present inven-
tion, for each set of control signal lines, control signals that
rise and fall at different times from each other during the unit
period are outputted, making it possible to reduce the maxi-
mum instantaneous current (inrush current) that occurs in the
power source at the rise or fall of the control signals among
the same set. Thus, power source noise can be suppressed,
whereby malfunction (or undesirable operations or suchlike)
of the display device due to power source noise can be inhib-
ited or eliminated.

[0071] According to the tenth aspect of the present inven-
tion, one or more delay circuits are provided for each set of
control signal lines such that control signals transmitted by
the set of control signal lines have different phases from each
other during the unit period, and therefore, the control signals
among the same set have a waveform phase difference at the
time of rise or fall. Thus, it is possible to reduce the maximum
instantaneous current (inrush current) in the power source,
thereby inhibiting or eliminating malfunction or suchlike of
the display device due to power source noise.
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[0072] According to the eleventh aspect of the present
invention, the control signals are applied to the control signal
lines only from one end, and therefore, only a portion of the
frame area, which is close to that end, is used as an area of
wiring from the display control circuit. Thus, the frame area
of the display device can be reduced.

[0073] According to the twelfth aspect of the present inven-
tion, (if there is no other input point,) waveform rounding of
the signals is maximized at the center of the control signal
lines, and therefore, when compared to the case where the
buffer circuits are provided only on one side, waveform
rounding is reduced. Thus, even in a high-resolution display
panel with a number of video signal lines, an appropriate
turn-on time can be ensured for each switching element, and
therefore, in such a case also, display defects due to insuffi-
cient charge in the pixel forming portions can be inhibited or
eliminated.

[0074] According to the thirteenth aspect of the present
invention, (if there is no other input point,) waveform round-
ing of the signals is maximized at both ends of the control
signal lines, and therefore, when compared to, for example,
the case where the buffer circuits are provided only on one
side, waveform rounding is reduced. Thus, even in a high-
resolution display panel with a number of video signal lines,
an appropriate turn-on time can be ensured for each switching
element, and therefore, in such a case also, display defects
due to insufficient charge in the pixel forming portions can be
inhibited or eliminated.

[0075] According to the fourteenth aspect of the present
invention, the control signal lines are provided in a number
corresponding to the number of time divisions, the buffer
circuits receive control signals transmitted by the control
signal lines coupled thereto, and for each set of switching
elements that are to be turned on within a unit period of the
time division, the buffer circuits respectively output the con-
trol signals to control switching elements coupled within the
same set, so that the buffer circuits can reduce or eliminate the
load on the control signal lines from the switching elements
connected thereto, Thus, waveform rounding of the control
signals transmitted by the control signal lines can be reduced,
whereby display defects due to insufficient charge in the pixel
forming portions can be inhibited or eliminated.

[0076] According to the fifteenth aspect of the present
invention, for each set of switching elements, the number of
buffer circuits provided between the control signal line
coupled thereto and the coupled switching elements varies
among the same set of switching elements so that control
signals transmitted to the coupled switching elements have
different phases among the same set of switching elements
during the unit period. As a result, it is possible to reduce the
maximum instantaneous current (inrush current) that occurs
in the power source at the rise or fall of the control signals
among the same set. Thus, power source noise can be sup-
pressed, whereby malfunction (or undesirable operations or
suchlike) of the display device due to power source noise can
be inhibited or eliminated.

[0077] The sixteenth aspect of the present invention makes
it possible for a display device drive method to achieve a
similar effect to that achieved by the first aspect of the inven-
tion.

[0078] The seventeenth aspect of the present invention
makes it possible for a display device drive method to achieve
asimilar effect to that achieved by the fourteenth aspect of the
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0079] FIG.1isa block diagram illustrating the configura-
tion of a liquid crystal display device according to a first
embodiment of the present invention.

[0080] FIG. 2 isa block diagram illustrating the configura-
tion of a display control circuit in the embodiment.

[0081] FIG. 3 is a schematic diagram illustrating the con-
figuration of a liquid crystal panel in the embodiment.
[0082] FIG. 4 is an equivalent circuit diagram of a part (a
portion corresponding to four pixels) of the liquid crystal
panel in the embodiment.

[0083] FIG. 5 is an equivalent circuit diagram illustrating
change-over switches of the liquid crystal panel in the
embodiment.

[0084] FIG. 6 is a timing chart describing a drive method
for the liquid crystal display device in the embodiment.
[0085] FIG.7isadiagram illustrating equivalent circuits of
change-over switches in a first variant of the embodiment,
along with input directions of switching control signals.
[0086] FIG.81isadiagram illustrating equivalent circuits of
change-over switches in a second variant of the embodiment,
along with input directions of switching control signals.
[0087] FIG.9isadiagram illustrating equivalent circuits of
change-over switches in a second embodiment of the present
invention, along with buffer circuits.

[0088] FIG. 10 is a diagram illustrating equivalent circuits
of change-over switches in a first variant of the embodiment,
along with buffer circuits.

[0089] FIG. 11 is a diagram illustrating equivalent circuits
of change-over switches in a second variant of the embodi-
ment, along with buffer circuits.

[0090] FIG. 12 is a timing chart describing a drive method
for aliquid crystal display device ina third embodiment of the
present invention.

[0091] FIG. 13 is a diagram illustrating equivalent circuits
of change-over switches in a fourth embodiment of the
present invention, along with buffer circuits.

[0092] FIG. 14 is a diagram illustrating equivalent circuits
of change-over switches in a first variant of the embodiment,
along with buffer circuits.

[0093] FIG. 15 is a diagram illustrating equivalent circuits
of change-over switches in a second variant of the embodi-
ment, along with buffer circuits.

[0094] FIG. 16 is a diagram illustrating equivalent circuits
of change-over switches in a fifth embodiment of the present
invention, along with buffer circuits.

[0095] FIG. 17 is a diagram illustrating equivalent circuits
of change-over switches in a first variant of the embodiment,
along with buffer circuits.

[0096] FIG. 18 is a diagram illustrating equivalent circuits
of change-over switches in a second variant of the embodi-
ment, along with buffer circuits.

MODES FOR CARRYING OUT THE INVENTION
[0097] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

1. First Embodiment
1.1 Overall Configuration and Operation of the
Liquid Crystal Display Device

[0098] FIG.1isa block diagram illustrating the configura-
tion of a liquid crystal display device according to a first

Nov. 14,2013

embodiment of the present invention. The liquid crystal dis-
play device 100 includes a display control circuit 200, a video
signal line driver circuit (also referred to as a “column-elec-
trode driver circuit” or a “source driver”) 300, and an active-
matrix liquid crystal panel 500. The liquid crystal panel 500
has a scanning signal line driver circuit (also referred to as a
“row-electrode driver circuit” or a “gate driver”) 400 formed
on a glass substrate by the aforementioned LTPS process, and
also has a demultiplexer area 600 and a display area (pixel
area) 700 as will be described below. Note that in the present
embodiment, the scanning signal line driver circuit 400, along
with other components, is formed on the glass substrate by the
LTPS process, but a well-known process other than the LTPS
process may be used. Moreover, circuits peripheral to the
display area, including the scanning signal line driver circuit
400, may be ICs or suchlike outside the glass substrate.
[0099] The display area 700 of the liquid crystal panel 500
in the liquid crystal display device 100 includes a plurality of
scanning signal lines (row electrodes), which respectively
correspond to horizontal scanning lines in an image repre-
sented by image data Dv to be received from a CPU or
suchlike of an external computer, a plurality of video signal
lines (column electrodes), which cross each of the scanning
signal lines, and a plurality of pixel forming portions, which
are provided so as to respectively correspond to intersections
of the scanning signal lines and the video signal lines. The
configuration of each pixel forming portion is basically the
same as in conventional active-matrix liquid crystal panels
(details will be described later).

[0100] Inthepresentembodiment, (narrow)image data that
represents an image to be displayed in the display area 700 of
the liquid crystal panel 500, and data for determining, for
example, the timing of a display operation (e.g., data indicat-
ing a clock frequency for display; referred to below as “dis-
play control data”) are sent to the display control circuit 200
from a CPU or suchlike of an external computer (the exter-
nally sent data Dv will be referred to below as the “broad
image data”). Specifically, the external CPU or suchlike sup-
plies the display control circuit 200 with (narrow) image data
and display control data, which are included in the broad
image data Dv, along with an address signal ADw, so that the
image data and the display control data are respectively writ-
ten to display memory and a register, which will be described
later, in the display control circuit 200.

[0101] Onthebasis of the display control data written to the
register, the display control circuit 200 generates various
signals, including a source clock signal SCK and a source
start pulse signal SSP, which are provided to the video signal
line driver circuit 300 for display, and a gate clock signal
GCK and a gate start pulse signal GSP, which are provided to
the scanning signal line driver circuit 400 for display. These
signals are known, and therefore, any detailed descriptions
thereof will be omitted. Moreover, the display control circuit
200 reads the (narrow) image data written to the display
memory by the external CPU or suchlike, from the display
memory, and outputs the data as a digital image signal Da. In
addition, the display control circuit 200 generates and outputs
switching control signals GS, to GS; for driving the video
signal lines in a time-division manner (these signals will also
be referred to below as “switching control signals GS”).
[0102] In this manner, among the signals generated by the
display control circuit 200, the digital image signal Da is
supplied to the video signal line driver circuit 300, and the
switching control signals GS, to GS, are supplied to the video
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signal line driver circuit 300 and also to demultiplexers of the
liquid crystal panel 500, which will be described later. Note
that the number of signal lines provided to supply the digital
image signal Da from the display control circuit 200 to the
video signal line driver circuit 300 corresponds to the number
of tones of images to be displayed.

[0103] Inaddition to the data that represents an image to be
displayed in the display area 700 of the liquid crystal panel
500, which is serially supplied pixel by pixel as the digital
image signal Da, the video signal line driver circuit 300 is
supplied with timing-indicating signals, including the source
clock signal SCK, the source start pulse signal SSP. and the
switching control signals GS, as described above. On the
basis of the digital image signal Da, the source clock signal
SCK, the source start pulse signal SSP, and the switching
control signals GS, the video signal line driver circuit 300
generates video signals for driving the display area 700 of the
liquid crystal panel 500 (also referred to below as “drive video
signals™), and outputs the signals to the video signal lines in
the display area 700 via the demultiplexers to be described
later. In this manner, the video signal line driver circuit 300
functions as a video signal output circuit for the demultiplex-
ers. Moreover, the video signal line driver circuit 300 and the
demultiplexers collectively function as a video-signal-line
time-division drive portion. Note that the display control cir-
cuit 200 and the video signal line driver circuit 300 are often
provided as a single IC mounted on a substrate of the liquid
crystal panel by COG technology, and therefore, they may be
configured as such here as well. Moreover, the display control
circuit 200 and the video signal line driver circuit 300 may be
configured as separate ICs, or may be configured in other
well-known manners.

[0104] On the basis of the gate clock signal GCK and the
gate start pulse signal GSP, the scanning signal line driver
circuit 400 generates scanning signals G,, G,, Gs, and so
forth, which are applied to the scanning signal lines in the
display area 700 in order to sequentially select the scanning
signal lines each for one horizontal scanning period, and the
scanning signal line driver circuit 400 repeats application of
active scanning signals to the scanning signal lines in cycles
of one vertical scanning period in order to sequentially select
all of the scanning signal lines.

[0105] In the display area 700, as described above, the
video signal line driver circuit 300 applies drive video signals
S,, S,, S5, and so forth, based on the digital image signal Da
to the video signal lines via the demultiplexers to be described
later, and the scanning signal line driver circuit 400 applies
the scanning signals G,, G,, G, and so forth, to the scanning
signal lines. As a result, the display area 700 of the liquid
crystal panel 500 displays the image that is represented by the
image data Dv received from the external CPU or suchlike.

1.2 Configuration and Operation of the Display
Control Circuit

[0106] FIG. 2 is a block diagram illustrating the configura-
tion of the display control circuit 200 of the liquid crystal
display device 100. The display control circuit 200 includes
an input control circuit 20, display memory 21, a register 22,
a timing generation circuit 23, a memory control circuit 24,
and a switching control circuit 25.

[0107] The display control circuit 200 receives a signal
which provides the broad image data Dv (this signal will also
be denoted below by the characters “Dv”) and an address
signal ADw from the external CPU or suchlike, and the
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received signals are inputted to the input control circuit 20. In
accordance with the address signal ADw, the input control
circuit 20 sorts the broad image data Dv into image data DA
and display control data Dc. Thereafter, signals which repre-
sent the image data DA (these signals will also be denoted
below by the characters “DA”), along with an address signal
AD based on the address signal ADw, are supplied to the
display memory 21, thereby writing the image data DA to the
display memory 21, and also the display control data Dc is
written to the register 22. The display control data Dcincludes
timing information that specifies frequencies of clock signals,
including the source clock signal SCK, and also specifies
horizontal and vertical scanning periods for displaying the
image that is represented by the image data Dv.

[0108] The timing generation circuit (abbreviated below as
“TG”) 23 generates a source clock signal SCK and a source
start pulse signal SSP on the basis of the display control data
held in the register 22. Moreover. the TG 23 generates timing
signals for causing the display memory 21 and the memory
control circuit 24 to operate in synchronization with the
source clock signal SCK.

[0109] Thememory control circuit 24 generates an address
signal ADr to read data that represents the image to be dis-
played in the display area 700 of the liquid crystal panel 500,
from among the image data DA externally inputted and stored
to the display memory 21 via the input control circuit 20, and
also generates a signal to control the operation of the display
memory 21. The address signal ADrand the control signal are
provided to the display memory 21, so that the data that
represents the image to be displayed in the display area 700 of
the liquid crystal panel 500 is read from the display memory
21 and outputted from the display control circuit 200 as a
digital image signal Da. The digital image signal Da is sup-
plied to the video signal line driver circuit 300, as has already
been described.

[0110] Onthebasis of the timing signal from the TG 23, the
switching control circuit 25 generates switching control sig-
nals GS, to GS; to drive the video signal lines in a time-
division manner. The switching control signals GS, to GS,
are control signals to change video signal lines to which a
video signal outputted by the video signal line driver circuit
300is applied, within one horizontal scanning period, thereby
driving the video signal lines in a time-division manner, as
will be described later.

[0111] Inthe present embodiment, as shown in FIG. 6 to be
described later, signals that are set at H level during the first of
three sections of each horizontal scanning period (the period
for which the scanning signals are active) and at L level
during the other sections are generated as switching control
signals GS, and GS,, the signals that are set at H level during
the second section and at L, level during the other sections are
similarly generated as switching control signals GS, and GS.,
and signals that are set at H level during the third section and
at L level during the other sections are generated as switching
control signals GS; and GS,. Note that the length from the
first to third sections is set for convenience of explanation,
and since in reality it is set considering delay time for each
signal, signal generation does not always need to occur at the
same time.

1.3 Liquid Crystal Panel and Drive Method Therefor

1.3.1 Configuration of the Liquid Crystal Panel

[0112] FIG. 3 is a schematic diagram illustrating the con-
figuration of the liquid crystal panel 500 in the present
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embodiment, FIG. 4 is an equivalent circuit diagram of a part
(a portion corresponding to four pixels) 510 of the liquid
crystal panel, and FIG. 5 is an equivalent circuit diagram
illustrating change-over switches (demultiplexers) for driv-
ing the video signal lines in a time-division manner.

[0113] The display area 700 of the liquid crystal panel 500
includes n (where n is a multiple of 3, e.g., 640x3) video
signal lines SL|, SL,, .. ., SL,, (in FIG. 3, video signal lines
Ls) connected to the video signal line driver circuit 300 via
demultiplexers, including a demultiplexer 501 consisting of
switching elements SW,, SW,, and SW, and m (where m is
a natural number, e.g., 480) scanning signal lines [.g con-
nected to the scanning signal line driver circuit 400, and the
video signal lines Ls and the scanning signal lines Lg are
arranged in a grid so as to cross each other. A plurality of pixel
forming portions Px are provided so as to correspond to the
intersections of the video signal lines Ls and the scanning
signal lines Lg, as has already been described. As shown in
FIG. 4, each pixel forming portion Px consists of a TFT 10,
which has a source terminal connected to the video signal line
Ls that passes through its corresponding intersection, a gate
terminal connected to the scanning signal line Lg that passes
through the corresponding intersection, an auxiliary capaci-
tor Ccs and a pixel electrode Ep connected to a drain terminal
of the TFT 10, an opposing electrode Ec commonly provided
to the pixel forming portions Px, and a liquid crystal layer
provided between the opposing electrode Ec and the pixel
electrode Ep. The pixel electrode Ep, the opposing electrode
Ec, and the liquid crystal layer provided therebetween create
pixel capacitance Cp. Moreover, an auxiliary capacitance line
CSL, which is commonly provided to the pixel forming por-
tions Px, is connected to one of the terminals of the auxiliary
capacitor Ccs, which is different from the terminal connected
to the drain terminal of the TFT 10.

[0114] The pixel forming portions Px as above are arranged
in a matrix to constitute a pixel-formation matrix. Inciden-
tally, the pixel electrodes Ep, which are essential parts of the
pixel forming portions Px, are in one-to-one correspondence
with pixels in an image displaved on the liquid crystal panel,
and therefore can be considered the same as the pixels.
Accordingly, for convenience of explanation, the pixel form-
ing portions Px will be considered below the same as pixels,
and the “pixel-formation matrix” will also be referred to as
the “pixel matrix”.

[0115] InFIG.3,“R”, “G”, or “B”is assigned to each pixel
forming portion Px to represent the colorred, green, or blue of
the pixel formed by that pixel forming portion Px. Note that
these colors are three typical primary colors, but they may be
another combination of three primary colors. Moreover, in a
general liquid crystal display device, polarity inversion drive
is performed to suppress liquid crystal deterioration and
maintain display quality. The polarity inversion drive mode
employed in the present embodiment is a so-called line-in-
version drive mode in which the polarity of a voltage applied
to the liquid crystal layer included in the pixels is inverted
every scanning signal line and also every frame. Moreover,
instead of employing the line-inversion drive mode, other
drive modes may be employed, including a frame-inversion
drive mode, in which the polarity of a voltage applied to the
liquid crystal is simply inverted every frame, and a dot-inver-
sion drive mode, in which the polarity of a voltage applied to
the liquid crystal is inverted every scanning signal line and
also every video signal line (and further every frame).
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[0116] The liquid crystal panel has formed thereon some
portions to connect the video signal lines Ls to the video
signal line driver circuit 300, including the demultiplexer 501
(FIG. 3) consisting of the switching elements SW,, SW,, and
SW,, as described above, which correspond to their respec-
tive video signal lines Ls on the liquid crystal panel, and the
switching elements SW,, SW,, SW;, SW,, and so forth, are
divided into groups of three adjacent switching elements (the
number of groups being ¥3 of the number of video signal lines
Ls). The three switching elements included in each group are
connected at one end to their corresponding video signal lines
Ls and at the other end to one output terminal TS, (j=1, 2, 3, .
.. ) of the video signal line driver circuit 300. In this manner,
the video signal lines Ls of the liquid crystal panel are divided
into groups of three, and each video signal line group (three
video signal lines Ls in the same group) is connected to one
output terminal TS, of the video signal line driver circuit 300
via three switching elements that are grouped to form one
demultiplexer. The output terminal T'S, of the video signal line
driver circuit 300 is in one-to-one correspondence with the
video signal line group, and is connected to the same group of
video signal lines (three video signal lines Ls) via three
switching elements in the same group.

[0117] Note that each switching element SWi is, for
example, a thin-film transistor (TFT) having a well-known
configuration with a semiconductor layer of polysilicon
(p-Si), and typically formed on the glass substrate of the
liquid crystal panel. Moreover, the semiconductor layer may
be made of microcrystalline silicon (jc-Si), amorphous sili-
con (a-Si) or an oxide semiconductor such as zinc oxide
(ZnO), rather than polysilicon.

[0118] As shown in FIG. 5, three switching elements
SWss 2y, SW,_ 1y, and SW. grouped to form a demulti-
plexer 501, are turned on/off in accordance with switching
control signals GS, to GS;, which are inputted from the left
ends of the switching control signal lines GSL, to GSL; and
transmitted through the switching control signal lines GSL,
to GSL; (where j=1, 3, 5, . . . ). Note that the left ends of the
switching control signal lines GSL, to GSL; are coupled to
the display control circuit 200 by unillustrated lines. More-
ovet, these three switching elements in the same group are
adjacent to a (or another) group of three switching elements
SWese1y SWis.o and SW ;. which constitute a demulti-
plexer 501, ,), and are turned on/off in accordance with
switching control signals GS, to GS;, which are transmitted
through switching control signal lines GSI, to GSL4 (where
7=1,3, 5, .. .). Although not shown in FIG. 5, two adjacent
groups, totaling six switching elements, are repeatedly
arranged to form demultiplexers corresponding to the respec-
tive groups.

[0119] In this manner, the two adjacent groups shown in
FIG. 5 total six switching elements, hence six change-over
switches, and two corresponding switching elements from
these different groups are simultaneously turned on/off. In
this manner, three change-over switches in the same group
connect each output terminal TS, of the video signal line
driver circuit 300 to three video signal lines in a video signal
line group corresponding to that output terminal in a time-
division manner.

[0120] The switching element SW, is, for example, an
n-channel TFT, which receives a corresponding one of the
switching control signals GS, to GS; at a gate terminal and is
rendered conductive between its source and drain when the
received switching control signal is at H level. Moreover, as
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will be described in detail later, for six switching elements
SWaj_2) SWigi 1) SWa. SWisy 1), SW a5, and SWig 5 in
two adjacent groups, two corresponding elements from these
different groups are sequentially turned on in accordance with
the switching control signals GS, to GS,, with the remaining
four being off. A drive method for the liquid crystal display
device 100, including the switching operation of the switch-
ing elements, will be described below with reference to FIG.
6.

1.3.2 Drive Method

[0121] FIG. 61s a timing chart describing the drive method
for the present liquid crystal display device. The scanning
signals G, G,, and so forth, which are sequentially set at H
level for one horizontal scanning period (one scanning-line
selection period) each, as shown in F1G. 6, are applied to the
scanning signal lines Lg of the liquid crystal panel. In
response to the scanning signals G,, G,, and so forth, the
scanning signal lines Lg are brought into a selected state
(active) upon application of H level, so that the TFTs 10 of the
pixel forming portions Px connected to the scanning signal
lines Lg in the selected state are turned on; on the other hand,
an unselected state (non-active) is brought about upon appli-
cation of L level, so that the TFTs 10 of the pixel forming
portions Px connected to the scanning signal lines Lg in the
unselected state are turned off. Note that the waveforms
shown in FIG. 6 are simplified, and in actuality, the more
waveform rounding, the more distance from the input termi-
nal of the signal. That s, the period for which the signal is kept
at H level is shortened.

[0122] Here, as shown in FIG. 6, the switching control
signals GS, and GS, are set at H level during the first (in the
figure, the section spanning from time t, to time t,) of three
sections of each horizontal scanning period (for which each
scanning signal G, (k=1, 2, 3, ...)is at H level), and they are
set at L level during the remaining period (in the figure, the
period spanning from time t, to time t,;). Similarly, the
switching control signals GS, and GS; are set at H level
during the second section (in the figure, the section spanning
from time t5 to time tg), and they are set at L level during the
remaining period. Moreover, the switching control signals
GS; and GSg are set at H level during the third section (in the
figure, the section spanning from time t, to timet, ,), and they
are set at L level during the remaining period.

[0123] Note that in the timing chart of FIG. 6, each of the
video signals S; and S,, which are to be outputted from the
output terminals TS, and TS, respectively, of the video signal
line driver circuit 300, is shown in two rows; the upper row
indicates (pixel values of) the colors to be displayed by the
pixel forming portions Px in accordance with the video signal
S, or S,, and the lower row indicates the video signal lines to
which the video signal S, or S, is applied. As shown in FIG.
6, pixel values to be written to the pixel forming portions Px
whose TFTs 10 are turned on in response to the scanning
signal G, (here, pixel values for displaying R, G, and B pixels)
are sequentially inputted by the display control circuit 200,
and video signals S, corresponding to the pixel values are
outputted from the output terminals TS, in the first through
third sections of the horizontal scanning period. Such an
operation is repeated every horizontal scanning period, so
that an image is displayed on the liquid crystal panel 500 in
one frame period.

[0124] In the present embodiment, unlike in the conven-
tional configuration with the switching operation of the
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switching elements being controlled in accordance with three
switching control signals, the switching operation of the
switching elements is controlled in accordance with the
switching control signals GS, to GS, as described above, but
the switching control signal GS |, the switching control signal
GS,, and the switching control signal GS, change with the
same timing as, respectively, the switching control signal
GS,, the switching control signal GS,, and the switching
control signal GSq, so that the switching operation of the
switching elements is performed in the same manner as con-
ventional.

[0125] However, as can be appreciated with reference to
FIG. 5, the switching control signals GS, to GS; are trans-
mitted by the switching control signal lines GSL, to GSL;,
and the switching control signals GS, to GS; are transmitted
by the switching control signal lines GSL, to GSL, so that
they do not interfere with each other; the number of switching
elements coupled to each of the switching control signal lines
GSL, to GSL; is a half of that in the conventional configura-
tion. As a result, the load on the switching control signal lines
GSL, to GSL, from the transistors connected thereto is
almost halved, so that waveform rounding of the transmitted
switching control signals GS, to GSq is less than conven-
tional. Note that in the present embodiment, the switching
control signals GS, to GS; are inputted from the left end, but
they may be inputted from the right end.

1.4 Effect of the First Embodiment

[0126] As described above, in the present embodiment, the
number of switching control signal lines for transmitting
switching control signals that are to be provided to switching
elements coupled to video signal lines in a display device
employing the video-signal-line time-division drive mode is
twice the number of time divisions (here, three, hence six
switching control signal lines), and switching control signals
with the same timing are transmitted by two switching control
signal lines, so that the number of switching elements coupled
to the switching control signal lines can be reduced to a half.
As a result, waveform rounding of the switching control
signals transmitted by the switching control signal lines can
be reduced. Thus, an appropriate turn-on time can be ensured
for each switching element, whereby display defects due to
insufficient charge in the pixel forming portions can be inhib-
ited or eliminated.

1.5 Variants of the First Embodiment

1.5.1 First Variant

[0127] FIG. 7is a diagram illustrating equivalent circuits of
change-over switches in a first variant of the first embodi-
ment, along with input directions of switching control sig-
nals. Switching elements shown in FIG. 7 are connected to
their corresponding switching control signal lines GSL, to
GSLg in the same manner as in the first embodiment, but as
can be appreciated in comparison with FIG. 5, the switching
control signals GS, to GS, are inputted (applied) to the
switching control signal lines GSL, to GSL from both ends.
[0128] In addition to the lines provided as in the first
embodiment, extending from the display control circuit 200
to one end of the switching control signal lines GSL | to GSL,
this configuration requires lines extending to the other end, so
that the frame area of the liquid crystal panel 500 might
conceivably be increased. In this regard, the configuration of
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the first embodiment, which simply uses the frame area near
the one end of the switching control signal lines GSL, to
GSL,. might be more preferred.

[0129] However, the switching control signals GS, to GSq,
which are inputted to the switching control signal lines GSL,
to GSLg from both ends, have waveform rounding that
increases from both ends toward the center (due to, for
example, the load on the lines from the switching elements
connected thereto), and the maximum waveform rounding (at
the center) is less than the maximum waveform rounding in
the first embodiment. Therefore, even in a high-resolution
liquid crystal panel with a number of video signal lines, an
appropriate turn-on time can be ensured for each switching
element, whereby display defects due to insufficient charge in
the pixel forming portions can be inhibited or eliminated.
Note that an increase in the frame area of the liquid crystal
panel 500 can be minimized by utilizing a wiring area outside
the liquid crystal panel (e.g., a wiring area on an FPC board or
a wiring area on a system board) in such a manner that the
input terminals for the switching control signals GS, to GS;
are provided on the liquid crystal panel 500 in positions
respectively close to the left and right edges of the demulti-
plexer area 600. Moreover, in the case where an IC that
includes the display control circuit 200 is mounted on the
liquid crystal panel 500 by COG technology, an increase in
the frame area of the liquid crystal panel 500 can be mini-
mized by providing the output terminals for the switching
control signals GS, to GS;; at the left and right edges of the IC
(in positions respectively close to the left and right edges of
the demultiplexer area 600).

1.5.2 Second Variant

[0130] FIG.8isadiagram illustrating equivalent circuits of
change-over switches in a second variant of the first embodi-
ment, along with input directions of switching control sig-
nals. The switching elements shown in FIG. 8 are connected
to their corresponding switching control signal lines GSL, to
GSLg in the same manner as in the first embodiment, but
unlike in FIG. 5 or 7, as can be appreciated in comparison
therewith, the switching control signals GS, to GS; are input-
ted (applied) to the switching control signal lines GSL, to
GSLg from the center.

[0131] In place of the lines extending from the display
control circuit 200 to one or both ends of the switching control
signal lines GSL, to GSL, as in the first embodiment or the
first variant, this configuration requires the lines for input to
the center of the switching control signal lines GSL, to GSL,,
and therefore, in some cases, it might be difficult to secure an
area for such wiring in a (high-resolution) liquid crystal panel
with a number of video signal lines.

[0132] However, the switching control signals GS, to GS;
inputted to the switching control signal lines GSL; to GSL
from the center have waveform rounding that increases from
the center toward both ends (due to, for example, the load on
the lines from the switching elements connected thereto), but
the maximum waveform rounding (at both ends) is less than
the maximum waveform rounding in the first embodiment.
Therefore, while keeping a low number of lines from the
display control circuit 200 to the switching control signal
lines GSL, to GSL as in the first embodiment, it is possible to
ensure an appropriate turn-on time for each switching ele-
ment, thereby inhibiting or eliminating display defects due to
insufficient charge in the pixel forming portions. Note that in
the case where the input terminals for the switching control
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signals GS; to GS, are arranged on the liquid crystal panel
500 in a position near the center of the demultiplexer area 600,
the connection distance from the input terminals for the
switching control signals GS, to GS; to the switching control
signal lines GSL, to GSI, can be minimized, so that a suffi-
cient wiring area can be ensured. Moreover, in the case where
an IC that includes the display control circuit 200 is mounted
onthe liquid crystal panel 500 by COG technology, the output
terminals for the switching control signals GS, to GS are
provided at the center of the IC (in a position near the center
of the demultiplexer area 600), thereby minimizing the con-
nection distance from the input terminals for the switching
control signals GS, to GS, to the switching control signal
lines GSL, to GSL, as in the aforementioned case, so that a
sufficient wiring area can be ensured.

1.5.3 Other Variants

[0133] While the above embodiment has been described
with respect to the example where the switching elements
SW, t0SW,,SW,t08W,,...,SW, 5 10SW,, andsoforth,
are connected to the switching control signal lines GSL, to
GSL,, and the switching elements SW, to SW,, SW,, to
SWis, ooy SWig, 10 SWi5, 5, and so forth, are connected
to the switching control signal lines GSL, to GSL,, the
arrangement of the switching control signal lines GSL, to
GSLg and the switching elements is not specifically limited,
so long as three pairs of switching control signal lines for
activating two corresponding switching elements, totaling six
switching control signal lines, are provided in order to
sequentially activate six switching elements from two differ-
ent sets of three such that two corresponding switching ele-
ments, one from each set, are activated ata time. For example,
in the case where the total number of switches is 480, switch-
ing elements SW, to SW;, SW,to SW, ..., and SW,,, to
SW,,, may be connected to the switching control signal lines
GSL, to GSL,, and switching elements SW,,, to SW,,;,
SW, ., to SW,, ..., and SW, ;o SW ., may be connected
to the switching control signal lines GSL, to GSL. Note that
the same can be applied to the variants of the present embodi-
ment, embodiments to be described below, etc., as well.

[0134] Inthe above embodiment, the number of time divi-
sions for the video-signal-line time-division drive mode is
three, and the number of switching control signal lines is
twice the number, i.e., six, but the number of time divisions
may be two or even four or more, and the number of switching
control signal lines may be three times, or more than three
times, the number of time divisions, that being two or more.
For example, in the configuration where the number of time
divisions is three, and the number of switching control signal
lines is nine, switching control signals with the same timing
are transmitted by three switching control signal lines, and
therefore the number of switching elements to be coupled to
the switching control signal lines can be reduced to %3, so that
waveform rounding of the switching control signals can be
further reduced. However, considering prevention of an
excessively large frame area of the liquid crystal panel and
prevention of insufficient charge in the pixel forming por-
tions, it is often practical to set the number of switching
control signal lines to four times or less than four times (12 or
less) the conventional number.

[0135] Furthermore, while the switching control signals are
inputted near the center of the switching control signal lines in
the second variant, they may be inputted from another input
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point or from two or more input points. For example, a com-
bination with the present embodiment or the first variant is
also conceivable.

2. Second Embodiment

2.1 Configuration and Operation of the Liquid
Crystal Display Device

[0136] Exceptthata plurality of buffer circuits are provided
on theliquid crystal panel 500 at the left ends of the switching
control signal lines GSL, to GSL,, and the display control
circuit 200 outputs three switching control signals, the con-
figuration and the operation of the liquid crystal display
device 100 according to a second embodiment of the present
invention is approximately the same as in the first embodi-
ment, therefore, the same elements are denoted by the same
characters, and any descriptions thereof will be omitted. The
buffer circuits provided on the liquid crystal panel 500 will be
described below with reference to FIG. 9.

2.2 Configuration and Operation of the Buffer
Circuit

[0137] FIG.9isadiagram illustrating equivalent circuits of
change-over switches in the second embodiment, along with
buffer circuits. As shown in FIG. 9, switching control signals
GS, to GS; outputted by the display control circuit 200 are
split into two immediately before they are provided to a
plurality of buffer circuits 505, so that the switching control
signal GS,, the switching control signal GS,, and the switch-
ing control signal GS; are respectively provided to switching
control signal lines GSL, and GSL,,, switching control signal
lines GSL, and GSL;, and switching control signal lines
GSL, and GSL, through their corresponding buffer circuits
505.

[0138] Specifically, the buffer circuits 505 are provided one
for each of the switching control signal lines GSL, to GSL/
and in FIG. 9, one buffer circuit is formed by two inverters
(NOT logic circuits) connected in a series. The buffer circuits
are formed on a glass substrate near the left ends of the
switching control signal lines GSL, to GSL,. Note that the
buffer circuits shown in FIG. 9 are simplified illustrations,
and various well-known circuits can be employed so long as
they have the capability of properly driving their correspond-
ing switching control signal lines. Moreover, the buffer cir-
cuits do not have to be formed on the glass substrate, so long
as they are provided between the output terminals of the
display control circuit 200 and the switching control signal
lines GSL, to GSL,.

[0139] With such a configuration, the switching control
signal lines GSL, to GSL; are driven by the buffer circuits
505, and the number of lines up to the point of the buffer
circuits 505 is halved compared to the first embodiment,
resulting in simplified wiring. Moreover, the number of
switching control signals outputted by the display control
circuit 200 is halved, resulting in a simplified configuration of
the display control circuit 200. Note that in this case, the
display control circuit 200 can be used with the same con-
figuration as the conventional display control circuit, and
therefore, development cost 1s kept low. Note that in the
present embodiment, the buffer circuits 505 are formed on the
glass substrate near the left ends of the switching control
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signal lines GSL, to GSL, but they may be formed on a glass
substrate near the right ends of the switching control signal
lines GSL; to GSL,.

2.3 Effects of the Second Embodiment

[0140] As described above, in the present embodiment, as
in the first embodiment, the number of switching control
signal lines for transmitting switching control signals that are
to be provided to switching elements coupled to video signal
lines in a display device employing the video-signal-line
time-division drive mode is twice the number of time divi-
sions (here, three, hence six switching control signal lines),
and the same switching control signal is transmitted by two
switching control signal lines via the buffer circuits, so that
the number of switching elements coupled to the switching
control signal lines can be halved. As a result, waveform
rounding of the switching control signals transmitted by the
switching control signal lines can be reduced. Thus, an appro-
priate turn-on time can be ensured for each switching ele-
ment, whereby display defects due to insufficient charge in
the pixel forming portions can be inhibited or eliminated.

[0141] Moreover, as in the conventional configuration, the
wiring from the display control circuit 200 to the buffer cir-
cuits 505 can be simplified compared to the first embodiment,
and the number of switching control signals outputted by the
display control circuit 200 is not increased, resulting in a
simplified configuration of the display control circuit 200.

2.4 Variants of the Second Embodiment

2.4.1 First Variant

[0142] FIG. 10 is a diagram illustrating equivalent circuits
of change-over switches in a first variant of the second
embodiment, along with buffer circuits. The switching ele-
ments shown in FIG. 10 are connected to their corresponding
switching control signal lines GSL, to GSL, in the same
manner as in the first and second embodiments, but as can be
appreciated in comparison with FIG. 9, there is a difference in
that the switching control signals GS, to GS; to be inputted
are provided to a plurality of sets of buffer circuits 5064 and
5065 provided at either end of the switching control signal
lines GSL, to GSL,. Specifically, each of the switching con-
trol signal lines GSL, to GSL is provided with one buffer
circuit 5064 at the left end and one buffer circuit 5065 at the
right end.

[0143] In addition to the buffer circuits 506a provided in
the same manner as in the second embodiment, this configu-
ration further requires the buffer circuits 5065 and therefore is
complicated, conceivably resulting in an increased frame area
of the liquid crystal panel 500. In this regard, the configura-
tion of the second embodiment might be more preferred.
[0144] However, the switching control signals GS, to GS,
inputted from both ends of the switching control signal lines
GSL, to GSL, via the buffer circuits 506a and 5065, have
waveform rounding that increases from both ends toward the
center (due to, for example, the load on the lines from the
switching elements connected thereto), but the maximum
waveform rounding (at the center) is less than the maximum
waveform rounding in the second embodiment. Therefore,
even in ahigh-resolution liquid crystal panel with a number of
video signal lines, an appropriate turn-on time can be ensured
for each switching element, whereby display defects due to
insufficient charge in the pixel forming portions can be inhib-
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ited or eliminated. Note that by utilizing a wiring area outside
the liquid crystal panel (e.g., a wiring area on an FPC board or
a wiring area on a system board) in such a manner that the
input terminals for the switching control signals GS, to GS;
are provided on the liquid crystal panel 500 in positions
respectively close to the left and right edges of the demulti-
plexer area 600, it is rendered possible to inhibit an increase in
the wiring area and thereby minimize an increase in the frame
area of the liquid crystal panel 500. Moreover, in the case
where an IC that includes the display control circuit 200 is
mounted on the liquid crystal panel 500 by COG technology,
the output terminals for the switching control signals GS, to
GS, are provided at the left and right edges of the IC (in
positions close to the left and right edges of the demultiplexer
area 600), thereby minimizing an increase in the frame area of
the liquid crystal panel 500, as in the aforementioned case.

2.4.2 Second Variant

[0145] FIG. 11 is a diagram illustrating equivalent circuits
of change-over switches in a second variant of the second
embodiment, along with buffer circuits. The switching ele-
ments shown in FIG. 11 are connected to their corresponding
switching control signal lines GSL, to GSL, in the same
manner as in the second embodiment, but as can be appreci-
ated in comparison with FIG. 9 or 10, there is a difference in
that the switching control signals GS, to GS; to be inputted
are provided to a plurality of buffer circuits 507 provided at
the center of the switching control signal lines GSL, to GSL.
Specifically, the buffer circuits 507 are provided one for each
of the switching control signal lines GSL, to GSL, as in the
second embodiment.

[0146] In place of the buffer circuits provided near one or
both ends of the switching control signal lines GSL, to GSL
from the display control circuit 200 as in the second embodi-
ment or the first variant thereof, this configuration requires
the buffer circuits 507 provided near the center of the switch-
ing control signal lines GSL, to GSL,, and further requires
the switching control signals, which are outputted by the
buffer circuits 507, to be inputted at the center of the switch-
ing control signal lines GSL; to GSL,, which often causes
difficulty in securing a wiring area in a (high-resolution)
liquid crystal panel with a number of video signal lines.
[0147] However, the switching control signals GS, to GS;
inputted to the switching control signal lines GSL, to GSL
from the center have waveform rounding that increases from
the center toward both ends (due to, for example, the load on
the lines from the switching elements connected thereto), but
the maximum waveform rounding (at both ends) is less than
the maximum waveform rounding in the second embodiment.
Therefore, while keeping a low number of buffer circuits
507b as in the second embodiment, it is possible to ensure an
appropriate turn-on time for each switching element, thereby
inhibiting or eliminating display defects due to insufficient
charge in the pixel forming portions. Note that in the case
where the input terminals for the switching control signals
GS, to GS; are arranged on the liquid crystal panel 500 in a
position near the center of the demultiplexer area 600, the
connection distance from the input terminals for the switch-
ing control signals GS, to GS; to the buffer circuits 507 can be
minimized, so that an increase in the wiring area can be
minimized. Moreover, in the case where an IC that includes
the display control circuit 200 is mounted on the liquid crystal
panel 500 by COG technology, the output terminals for the
switching control signals GS; to GS; are provided at the
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center of the IC (in a position near the center of the demulti-
plexer area 600), thereby minimizing the connection distance
from the input terminals for the switching control signals GS,
to GS; to the buffer circuits 507, as in the aforementioned
case, so that an increase in the wiring area can be minimized.

2.4.3 Other Variants

[0148] As described in the “Other Variants” section of the
first embodiment, the number of time divisions may be two or
even four or more, and the number of switching control signal
lines may be three times, or more than three times, the number
of time divisions, that being two or more. Moreover, as in the
second variant, the switching control signals may be inputted
to the switching control signal lines at a position other than
near the center thereof, and the number of input points may be
two or more.

3. Third Embodiment

3.1 Configuration and Operation of the Liquid
Crystal Display Device

[0149] The liquid crystal display device 100 according to a
third embodiment of the present invention differs from that in
the first embodiment in terms of the waveforms of the switch-
ing control signals GS, to GS, hence the controlled timing of
driving the switching elements (the demultiplexers including
them). Other features are the same as in the first embodiment,
therefore, the same elements are denoted by the same refer-
ence characters, and any descriptions thereof will be omitted.
A drive method for the liquid crystal display device 100,
including the switching operation by the switching elements
provided on the liquid crystal panel 500, will be described
below with reference to FIG. 12.

3.2 Drive Method

[0150] FIG. 12 is a timing chart describing a drive method
for the liquid crystal display device. As can be appreciated in
comparison with FIG. 6, the switching control signals GS,
and GS,, shown in FIG. 12 are not synchronously set at H level
during the first (in the figure, the section spanning from time
t, to time t,) of the three sections of each horizontal scanning
period (for which each scanning signal G, (=1, 2,3, ...) s
set at H level), and the switching control signal GS, has a
phase lag relative to the switching control signal GS,. Spe-
cifically, the switching control signal GS, is set at H level
from time t, to time t, in the first section, and at I level for the
restofthe first section. Moreover, the switching control signal
GS,, is set at H level from time t, to time t,, in the first section,
and at L level for the rest of the first section.

[0151] Here, thelength fromtimet, to timet, is equal to the
length from time t; to time t,, and therefore, by this time
period (referred to below as the “delay time”™), the pulse of the
switching control signal GS, rises (to H level) later than the
pulse of the switching control signal GS,. Accordingly, the
load on a power source that provides an H-level potential to
the display control circuit 200 for control signal generation
(referred to below as an “H-power source”) can be dispersed.
This reduces the peak value of instant current that flows
through the power source, so that malfunction or suchlike due
to power source noise can be inhibited or eliminated.

[0152] Specifically, in the first embodiment, the transistor
load on the switching control signal lines GSL, and GSL,, for
transmitting the switching control signals GS, and GS, is half
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of the conventional load, but as described earlier, the switch-
ing control signals GS, and GS, are equal in waveform, and
therefore, the instant load on the H-power source at the rise of
these pulse signals is equal to or greater than conventional.
However, in the present embodiment, the instant load on the
H-power source is dispersed and approximately halved,
reducing the maximum value of the instantaneous current
(inrush current) that flows through loads (in order to charge
the loads), so that noise generation by the H-power source can
be inhibited. Moreover, the load can be similarly dispersed at
the fall of the pulse signals as well, reducing the maximum
value of the instantaneous current (inrush current) that flows
through a power source that provides an L-level potential to
the display control circuit 200 (referred to below as an
“L-power source™), so that noise generation by the L-power
source can be inhibited as well.

[0153] Note that as can be appreciated with reference to
FIG. 12, similarly, the switching control signals GS, and GS5
are not synchronously set at H level during the second (in the
figure, the section spanning from time t5 to time tq) of the
three sections of each horizontal scanning period, and the
switching control signal GS5 has a phase lag relative to the
switching control signal GS, by a delay time (here, the length
from time t5 to time tg or the length from time t, to time tg).
Moreover, the switching control signals GS; and GS, are not
synchronously set at H level during the third section, and the
switching control signal GS; has a phase lag relative to the
switching control signal GS; by a delay time (here, the length
from time t, to time t, ;, or the length from time t | totimet,,).
Accordingly, the maximum instantaneous current (inrush
current) can be reduced for both the H-power source and the
L-power source, as described above, so that noise from the
H-power source and the L-power source can be suppressed.

3.3 Effects of the Third Embodiment

[0154] As described above, the present embodiment
achieves an effect similar to that achieved by the first embodi-
ment with a similar configuration, and also reduces the maxi-
mum instantaneous current (inrush current) in the power
source, so that power source noise can be inhibited. Thus,
malfunction (or undesirable operations or suchlike) of the
display device due to power source noise can be inhibited or
eliminated.

[0155] However, for the switching control signals GS, to
GS,, the duration of the H level (active period) in the first
embodiment is longer than that in the third embodiment by a
delay time, and therefore, the first embodiment might be more
preferable in that a turn-on time for each switching element
can be maintained as long as possible.

3.4 Variants of the Third Embodiment

[0156] The present embodiment has been described as hav-
ing the same configuration as the first embodiment (except for
the operations related to the switching control signals), and
the configuration of the present embodiment can be similarly
applied to the variants of the first embodiment to achieve
similar effects.

[0157] In the present embodiment, the delay times of the
switching control signals GS,, GS5, and GS from the switch-
ing control signals GS,, GS,, and GS; are equal, but they may
be different. Moreover, the switching control signals GS,,
GS,, and GS have been described as signals delayed from the
switching control signals GS,, GS,, and GS;, but the switch-
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ing control signals GS,, GS,, and GS; may be signals delayed
from the switching control signals GS,, GS;, and GS,, or they
may be different signals having different lengths of active
periods, rather than having different phases, because the
maximum instantaneous current (inrush current) in the power
source can be reduced so long as the signals rise and fall at
different times.

[0158] Furthermore, as described in the “Other Variants”
section of the first embodiment, the number of time divisions
may be two or even four or more, and the number of switching
control signal lines may be three times, or more than three
times, the number of time divisions, that being two ormore. In
this case, at least two, preferably all, of the switching control
signals have different phases from each other during one unit
period (e.g., first section) of time division. This reduces the
maximum instantaneous current (inrush current) for both the
H-power source and the L-power source.

[0159] Furthermore, as in the first or second variant of the
first embodiment, the switching control signals may be input-
ted from both ends or near the center of the switching control
signal lines, and the number of input points may be two or
more.

4. Fourth Embodiment

4.1 Configuration and Operation of the Liquid
Crystal Display Device

[0160] The configuration of the liquid crystal display
device 100 according to a fourth embodiment of the present
invention is approximately the same as in the second embodi-
ment, except that buffer circuits different in configuration
from the buffer circuits 505 shown in FIG. 9 are provided,
therefore, the same elements are denoted by the same refer-
ence characters, and any descriptions thereof will be omitted.
The configuration of the buffer circuit in the present embodi-
ment will be described below with reference to FIG. 13.

4.2 Configuration and Operation of the Buffer
Circuit

[0161] FIG. 13 is a diagram illustrating equivalent circuits
of change-over switches in a fourth embodiment, along with
buffer circuits. As shown in FIG. 13, switching control signals
GS, to GS; outputted by the display control circuit 200 are
split into two immediately before they are provided to buffer
circuits 511 and 512, so that the switching control signal GS
the switching control signal GS,, and the switching control
signal GS, are respectively provided to switching control
signal lines GSL, and GSL,,, switching control signal lines
GSL, and GSL, and switching control signal lines GSL, and
GSLg through their corresponding buffer circuits 511 and
512.

[0162] Here, the buffer circuits 511 are provided one for
each of the switching control signal lines GSL,, GSL,, and
GSL,, and the buffer circuits 512 are provided one for each of
the switching control signal lines GSL,, GSLs, and GSL.
The buffer circuit 511 is formed by two inverters connected in
a series, and the buffer circuit 512 is formed by four inverters
connected in a series.

[0163] In addition to the same effects as in the second
embodiment, e.g., the effect of simplifying the configuration
of the display control circuit 200, the above configuration
makes it possible to achieve the effect of inhibiting generation
of power source noise, as in the third embodiment. Specifi-



US 2013/0300722 A1

cally, since the number of inverters connected in the buffer
circuit 512 is greater by two than in the buffer circuit 511, the
switching control signals outputted to the switching control
signal lines GSL,, GSL;, and GSL; are delayed (have phase
lags) by a predetermined time period from the switching
control signals outputted to the switching control signal lines
GSL,. GSL,, and GSL, by the buffer circuit 511. Moreover,
when this delay time is equal to the delay time in the third
embodiment (e.g., the period from time t, to time t,), the
liquid crystal display device is driven with the same timing as
the drive timing in the third embodiment shown in FIG. 12.
Accordingly, as in the third embodiment, the maximum
instantaneous current (inrush current) can be reduced for both
the H-power source and the L-power source, so that noise
from the H-power source and the L-power source can be
suppressed.

4.3 Effects of the Fourth Embodiment

[0164] As described above, the present embodiment ren-
ders it possible to simultaneously achieve similar effects to
those achieved by the first through third embodiments. Spe-
cifically, the configuration similar to that in the first embodi-
ment makes it possible to reduce waveform rounding of the
switching control signals transmitted by the switching control
signal lines. As a result, an appropriate turn-on time can be
ensured for each switching element, whereby display defects
due to insufficient charge in the pixel forming portions can be
inhibited or eliminated. Moreover, by providing additional
buffer circuits to the configuration of the second embodiment,
the same operation as in the third embodiment can be real-
ized, so that malfunction (or undesirable operations or such-
like) of the display device due to power source noise can be
inhibited or eliminated using simplified wiring as in the con-
ventional art and a simplified configuration of the display
control circuit 200 compared to the first embodiment.

4.4 Variants of the Fourth Embodiment

4.4.1 First Variant

[0165] FIG. 14 is a diagram illustrating equivalent circuits
of change-over switches in a first variant of the fourth
embodiment, along with buffer circuits. As can be appreci-
ated in comparison with FIG. 10, which illustrates the first
variant of the second embodiment, the configuration shown in
FIG. 14 differs from the first variant of the second embodi-
ment in that additional buffer circuits are provided along with
buffer circuits 514a and 5145 provided at both ends of the
switching control signal lines GSL, to GSL.

[0166] This configurationincreases the frame area in which
the circuits are arranged, but the switching control signals
GS, to GS, inputted from both ends of the switching control
signal lines GSL, to GSL via the buffer circuits 513a, 5135,
514a, and 5145 have waveform rounding that is maximized at
the center of the lines to a degree less than the maximum
waveform rounding in the fourth embodiment. Therefore,
even in ahigh-resolution liquid crystal panel with anumber of
video signal lines, an appropriate turn-on time can be ensured
for each switching element, whereby display defects due to
insufficient charge in the pixel forming portions can be inhib-
ited or eliminated.

4.4.2 Second Variant

[0167] FIG. 15 is a diagram illustrating equivalent circuits
of change-over switches in a second variant of the fourth
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embodiment, along with buffer circuits. As can be appreci-
ated in comparison with FIG. 11, which illustrates the second
variant of the second embodiment, the configuration shown in
FIG. 15 differs from the second variant of the second embodi-
ment in that additional buffer circuits are provided along with
buffer circuits 516 provided at the center of the switching
control signal lines GSL, to GSL.

[0168] This configuration increases the frame area in which
the circuits are arranged, but the switching control signals
GS, to GS,; inputted from the center of the switching control
signal lines GSL, to GSL; via the buffer circuits 515 and 516
have waveform rounding that is maximized at both ends of the
lines to a degree less than the maximum waveform rounding
in the fourth embodiment. Therefore, even in a high-resolu-
tion liquid crystal panel with a number of video signal lines,
the number of buffer circuits can be maintained the same as
the number of buffer circuits in the fourth embodiment, and
an appropriate turn-on time can be ensured for each switching
element, whereby display defects due to insufficient charge in
the pixel forming portions can be inhibited or eliminated.

4.4.3 Other Variants

[0169] As described in the “Other Variants” section of the
first embodiment, the number of time divisions may be two or
even four or more, and the number of switching control signal
lines may be three times, or more than three times, the number
of time divisions, that being two or more. In this case, at least
two, preferably all, of the switching control signals have
different phases from each other during one unit period (e.g.,
first section) of time division. This reduces the maximum
instantaneous current (inrush current) for both the H-power
source and the L-power source.

[0170] Furthermore, as in the second variant also, the
switching control signals may be inputted to the switching
control signal lines at a position other than near the center
thereof, and the number of input points may be two or more.
Moreover, there are other conceivable variants similar to
those of the third embodiment.

[0171] In the fourth embodiment and variants thereof, in
place of the buffer circuits additionally provided to delay the
switching control signals, well-known delay circuits having
the same signal delay function may be additionally provided.

5. Fifth Embodiment

5.1 Configuration and Operation of the Liquid
Crystal Display Device

[0172] The liquid crystal display device 100 according to a
fifth embodiment of the present invention is configured such
that, among the switching control signal lines GSL, to GSL
as provided in each of the above embodiments, the switching
control signal lines GSL, to GSL, are omitted, and only the
switching control signal lines GSL; to GSL; are provided.
Moreover, among the switching elements that are included in
two adjacent demultiplexers, two switching elements receive
the same switching control signal from their corresponding
switching control signal line via one buffer circuit. Other than
this feature, approximately the same features and operations
as in the first embodiment are employed, therefore, the same
elements are denoted by the same reference characters, and
any descriptions thereof will be omitted. The buffer circuits
provided on the liquid crystal panel 500 will be described
below with reference to FIG. 16.
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5.2 Configuration and Operation of the Buffer
Circuit

[0173] FIG. 16 is a diagram illustrating equivalent circuits
of change-over switches in the fifth embodiment, along with
buffer circuits. As shown in FIG. 16, switching control signals
GS, to GS; outputted by the display control circuit 200 are
transmitted by the switching control signal lines GSL, to
GSL; and supplied to buffer circuits 517 provided between
the switching control signal lines GSL, to GSL; and the
switching elements in one of two adjacent demultiplexers
(here, the left one in the figure). The buffer circuits 517
receive the switching control signals GS, to GS; transmitted
by the switching control signal lines GSL; to GSL;, and
provide them to their respectively corresponding pairs of
switching elements. For example, the switching control sig-
nal G8, is provided to swiiching elements SW;; 5, and
SWs;,1y shown in FIG. 16 via the buffer circuit 517.

[0174] Here, the buffer circuit 517 is formed, for example,
ona glass substrate by two inverters 5174 and 5175 connected
in a series between the switching control signal line GSL, and
the switching element SW 5, ,,. Here, each switching ele-
ment included in the demultiplexer has a transistor size
required for driving the video signal line SL within a prede-
termined period of time. Moreover, the inverter 5175 has the
capability of driving two switching elements included in the
demultiplexer within a predetermined period of time, and the
inverter 517a has the capability of driving the inverter 5175
within a predetermined period of time. As for the loads that
are connected to the transistors, the size of the transistor to be
included in the demultiplexer is the largest, and the size of the
transistor to be included in the inverter 517« is the smallest.
Therefore, the transistor loads connected to the switching
control signal lines GSL, to GSL; are small transistor loads
provided as the inverters 517a, rather than the switches
included in the demultiplexer that have a large transistor size
as in the conventional art. Accordingly, the load on the switch-
ing control signal lines from the switching elements coupled
thereto can be reduced, resulting in reduced waveform round-
ing of the switching control signals transmitted by the switch-
ing control signal lines. As a result, an appropriate turn-on
time can be ensured for each switching element, whereby
display defects due to insufficient charge in the pixel forming
portions can be inhibited or eliminated.

5.3 Effects of the Fifth Embodiment

[0175] As described above, in the display device employ-
ing the video-signal-line time-division drive mode of the
present embodiment, the number of switching control signal
lines for transmitting the switching control signals that are to
be provided to switching elements coupled to video signal
lines is the same as the number of time divisions (here, three),
but the switching control signals are transmitted to their cor-
responding pairs of switching elements via the buffer circuits
517, so that the load on the switching control signal lines from
the switching elements coupled thereto can be reduced,
resulting in reduced waveform rounding of the switching
control signals transmitted by the switching control signal
lines. As a result, an appropriate turn-on time can be ensured
for each switching element, whereby display defects due to
insufficient charge in the pixel forming portions can be inhib-
ited or eliminated.
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5.4 Variants of the Fifth Embodiment

5.4.1 First Variant

[0176] Inthe above embodiment, the number of switching
elements connected to one buffer circuit 517 is two, but it may
be three or more, as shown in FIG. 17.

[0177] FIG. 17 is a diagram illustrating equivalent circuits
of change-over switches in a first variant of the fifth embodi-
ment, along with buffer circuits. As shown in FIG. 17, each
buffer circuit 518 is connected to q (where q is an integer of 3
or more) neighboring switching elements. For example, the
buffer circuit 518 is coupled at an input to the switching
control signal line GSL, and at an output to switching ele-
ments SW s, 5. SWiy 1y, ..., and SWi5 o o). In the case
where one buffer circuit is coupled to a number of switching
elements in this manner, the drive capability required of the
buffer circuit becomes higher, but the load on the control
signal line is reduced, so that waveform rounding of the
switching control signals transmitted by the switching control
signal lines can be reduced. Note that the number of time
divisions here is three, but it may be two or even four or more,
as described earlier.

5.4.2 Second Variant

[0178] The number of buffer circuits 517 connected
between the control signal line and the switching element in
each of the above embodiments is one, and the same is true for
the buffer circuit 518 in the first variant of the present embodi-
ment, but the configuration of the fourth embodiment (FIG.
13) may be employed so as to be adapted to the configuration
of the present embodiment, so that a different number of
buffer circuits are connected to each switching element. This
will be described below with reference 1o FIG. 18.

[0179] FIG. 18 is a diagram illustrating equivalent circuits
of change-over switches in a second variant of the fifth
embodiment, along with buffer circuits. As shown in F1G. 18,
each buffer circuit 519, similar to the buffer circuit 517 shown
in FIG. 16, is provided between the switching control signal
line GSL, and the switching element SW 5. ,,, and further-
more, a buffer circuit 520 is provided between (an output of)
the buffer circuit 519 and the switching element SW ;. ,,.
Note that the buffer circuit 519 is formed by two inverters
connected in a series, and the buffer circuit 520 is also formed
by two inverters connected in a series. The switching element
SW3,1) 18 supplied with a switching control signal from the
switching control signal line GSL, via the two buffer circuits
519 and 520.

[0180] As can be appreciated with reference to FIG. 18,
each of the switching control signals GS, to GS; is provided
to a switching element in one of the two adjacent demulti-
plexers (here, the left one in the figure) via one buffer circuit
(e.g., the buffer circuit 519), and is also provided to a switch-
ing element in the other of the two adjacent demultiplexers
(here, the right one in the figure) via two buffer circuits (e.g.,
the buffer circuits 519 and 520).

[0181] Accordingly, by employing such a configuration
corresponding to the third or fourth embodiment, it is ren-
dered possible to achieve an effect similar to that achieved by
either of the embodiments, i.e., the effect of inhibiting gen-
eration of power source noise. Specifically, the switching
control signals GS, to GS; outputted by the buffer circuits 520
are delayed (have phase lags) by a predetermined time period
from the switching control signals GS; to GS; outputted by
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the buffer circuits 519, so that the maximum instantaneous
current (inrush current) can be reduced for both the H-power
source and the L-power source, as mentioned earlier, thereby
suppressing noise from the H-power source and the L-power
source. Thus, malfunction (or undesirable operations or such-
like) of the display device due to power source noise can be
inhibited or eliminated.

5.4.3 Other Variants

[0182] In the present embodiment, as described in the
“Other Variants” section of the fourth embodiment, the num-
ber of time divisions may be two or even four or more, and the
number of switching control signal lines may be three times,
or more than three times, the number of time divisions, that
being two or more. In this case, at least two of the switching
control signals have different phases from each other during
one unit period (e.g., first section) of time division; prefer-
ably, all of the switching control signals have different phases
from one another during one unit period, i.e., for each switch-
ing control signal line and its corresponding switching ele-
ment, a different number of buffer circuits are connected
therebetween. This reduces the maximum instantaneous cur-
rent (inrush current) for both the H-power source and the
L-power source.

[0183] Furthermore, as in the first or second variant of the
first embodiment, the switching control signals may be input-
ted from both ends or near the center of the switching control
signal lines, and the number of input points may be two or
more.

[0184] Furthermore, in the present embodiment and vari-
ants thereof, in place of the buffer circuits additionally pro-
vided to delay switching control signals (e.g., the buffer cir-
cuits 520), well-known delay circuits having the same signal
delay function may be additionally provided.

6. Other Variants of the Embodiments

[0185] In each of the above embodiments, the switching
element SW, has been described as an n-channel TFT, but it
may be an analog switch consisting of, for example, an
n-channel TFT, a p-channel TFT, and an inverter, in which an
input signal to the p-channel TFT is generated by inverting an
input signal to the n-channel TFT by the inverter, or it may be
another well-known element or circuit that can be used as a
switch.

[0186] While the above embodiments have been described
taking the active-matrix liquid crystal display device as an
example, the present invention can also be applied to active-
matrix display devices using electro-optic elements other
than liquid crystal elements, so long as the video-signal-line
time-division drive mode is employed. Note that the term
“electro-optic element” herein refers not only to a liquid
crystal element but also to any type of elements whose optical
properties are changed upon application of electricity, such as
LEDs (light-emitting diodes), including organic and inor-
ganic EL elements, FEDs, charge-driven elements, and e-ink
(electronic ink).

INDUSTRIAL APPLICABILITY

[0187] The present invention is applied to active-matrix
display devices, and is suitable for display devices employing
the video-signal-line time-division drive mode, in which a
driver circuit sequentially outputs video signals via switching
elements.
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DESCRIPTION OF THE REFERENCE
CHARACTERS

[0188] 10 TFT (thin-film transistor)

[0189] 25 switching control circuit

[0190] 100 liquid crystal display device
[0191] 200 display control circuit

[0192] 300 video signal line driver circuit
[0193] 400 scanning signal line driver circuit
[0194] 500 liquid crystal panel

[0195] 501 demultiplexer

[0196] 600 demultiplexer area

[0197] 700 display area

[0198] SCK source clock signal

[0199] SSP source start pulse signal

[0200] GCK gate clock signal

[0201] GSP gate start pulse signal

[0202] Da digital image signal

[0203] @GS, to GS switching control signal
[0204] 'TS,, TS, output terminal

[0205] G scanning signal (k=1,2,3,...)
[0206] S, video signal (=1,2,3,...)

[0207] SL video signal line

[0208] Ls video signal line (column-electrode)
[0209] Lg scanning signal line (row-electrode)
[0210] Px pixel forming portion (pixel)

[0211] GSL, to GSL, switching control signal line
[0212] SW, switching element (i=1, 2,3, .. .)

1. An active-matrix display device with a plurality of pixel
forming portions for forming an image to be displayed, a
plurality of video signal lines for transmitting video signals
representing the image to be displayed, a plurality of scanning
signal lines crossing the video signal lines, and a plurality of
control signal lines for transmitting control signals to control
a plurality of switching elements provided so as to respec-
tively correspond to the video signal lines, the pixel forming
portions being arranged in a matrix in correspondence with
respective intersections of the video signal lines and the scan-
ning signal lines, the device comprising;

a scanning signal line driver circuit for selectively driving

the scanning signal lines;

a video-signal-line time-division drive portion for driving
the video signal lines by sequentially applying image
signal inputted to represent the image to be displayed, to
the video signal lines via the switching elements in a
time-division manner within a predetermined period,
and

a display control circuit for providing the control signals to
the switching elements via the control signal lines,
thereby controlling the switching elements so as to be
kept on for a period required for providing video signals
to pixel forming portions coupled to the scanning signal
lines selected by the scanning signal line driver circuit,
the video signals being transmitted by video signal lines
corresponding to the pixel forming portions, wherein,

the video-signal-line time-division drive portion includes:
a video signal output circuit with a plurality of first

output terminals respectively corresponding to a plu-
rality of video signal line groups into which the video
signal lines are divided, the video signal output circuit
outputting video signals from the first output termi-
nals in the time-division manner so as to be transmit-
ted by the video signal line groups corresponding to
the first output terminals; and
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a demultiplexer having the switching elements that con-
nect each of the first output terminals of the video
signal output circuit to one of the video signal lines in
the video signal line group corresponding to that first
output terminal and switch the video signal line to be
connected to the first output terminal among the video
signal line group corresponding to the first output
terminal in accordance with the time-division man-
ner, and

the control signal lines are divided into sets whose number

is equivalent to the number of time divisions, each set
consisting of a plurality of control signal lines for trans-
mitting a plurality of control signals to control switching
elements that are to be turned on within a unit period of
the time division.

2. The display device according to claim 1, further com-
prising buffer circuits respectively coupled to the control
signal lines, wherein,

for each set of control signal lines, the display control

circuit has one second output terminal for outputting the

control signal, and

the buffer circuits receive the control signals outputted

from the second output terminals corresponding to the

sets of control signal lines, and provide the control sig-
nals to the control signal lines coupled thereto.

3. The display device according to claim 2, wherein for
each set of control signal lines, the number of buffer circuits
provided between the control signal line coupled thereto and
the second output terminal corresponding to that set of con-
trol signal lines varies among the same set of control signal
lines so that control signals transmitted by the coupled control
signal lines have different phases among the same set of
control signal lines.

4. The display device according to claim 2, wherein,

the display control circuit applies the control signals to the

control signal lines only from one end, and

the buffer circuits are coupled to that end.

5. The display device according to claim 2, wherein,

the display control circuit applies the control signals to the

control signal lines from both ends, and

the buffer circuits are coupled to either of the ends.

6. The display device according to claim 2, wherein,

the display control circuit applies the control signals to the

control signal lines from an input point other than both

ends, and

the buffer circuits are coupled to the input point.

7. The display device according to claim 1, further com-
prising a plurality of buffer circuits respectively coupled to
the control signal lines, wherein,

for each set of switching elements to be turned on within a

unit period of the time division, the buffer circuits
receive control signals from the control signal lines
coupled thereto, and provide the control signals to
switching elements respectively coupled to different
first output terminals among the same set of switching
elements.

8. The display device according to claim 1, wherein the first
output terminals of the video signal output circuit respec-
tively correspond to video signal line groups into which the
video signal lines are divided, each group consisting of adja-
cent video signal lines respectively coupled to a plurality of
pixel forming portions that respectively display predeter-
mined primary colors.
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9. The display device according to claim 1, wherein, for
each set of control signal lines, the display control circuit
outputs control signals that rise and fall at different times
from each other during the unit period.

10. The display device according to claim 1, further com-
prising delay circuits, each being coupled to one of the control
signal lines, wherein,

the delay circuits are provided one or more for each set of
control signal lines such that control signals transmitted
by the set of control signal lines have different phases
from each other during the unit period.

11. The display device according to claim 1, wherein the
display control circuit applies the control signals to the con-
trol signal lines only from one end.

12. The display device according to claim 1, wherein the
display control circuit applies the control signals to the con-
trol signal lines from both ends.

13. The display device according to claim 1, wherein the
display control circuit applies the control signals to the con-
trol signal lines from an input point other than both ends.

14. An active-matrix display device with a plurality of pixel
forming portions for forming an image to be displayed, a
plurality of video signal lines for transmitting video signals
representing the image to be displayed, a plurality of scanning
signal lines crossing the video signal lines, and a plurality of
control signal lines for transmitting control signals to control
a plurality of switching elements provided so as to respec-
tively correspond to the video signal lines, the pixel forming
portions being arranged in a matrix in correspondence with
respective intersections of the video signal lines and the scan-
ning signal lines, the device comprising:

a scanning signal line driver circuit for selectively driving

the scanning signal lines;
a video-signal-line time-division drive portion for driving
the video signal lines by sequentially applying image
signal inputted to represent the image to be displayed, to
the video signal lines via the switching elements in a
time-division manner within a predetermined period,
a plurality of buffer circuits respectively coupled to the
control signal lines; and
adisplay control circuit for providing the control signals to
the switching elements via the buffer circuits coupled to
the control signal lines, thereby controlling the switch-
ing elements so as to be kept on for a period required for
providing video signals to pixel forming portions
coupled to the scanning signal lines selected by the
scanning signal line driver circuit, the video signals
being transmitted by video signal lines corresponding to
the pixel forming portions, wherein,
the video-signal-line time-division drive portion includes:
a video signal output circuit with a plurality of first
output terminals respectively corresponding to a plu-
rality of video signal line groups into which the video
signal lines are divided, the video signal output circuit
outputting video signals from the first output termi-
nals in the time-division manner so as to be transmit-
ted by the video signal line groups corresponding to
the first output terminals; and

a demultiplexer having the switching elements that con-
nect each of the first output terminals of the video
signal output circuit to one of the video signal lines in
the video signal line group corresponding to that first
output terminal and switch the video signal line to be
connected to the first output terminal among the video
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signal line group corresponding to the first output
terminal in accordance with the time-division man-
ner,

the control signal lines are provided in a number equivalent

to the number of time divisions, and

for each set of switching elements to be turned on within a

unit period of the time division, the buffer circuits
receive control signal transmitted by the control signal
line coupled thereto, and respectively output the control
signals to control switching elements coupled within the
same set.

15. The display device according to claim 14, wherein for
each set of switching elements, the number of buffer circuits
provided between the control signal line coupled thereto and
the coupled switching elements varies among the same set of
switching elements so that control signals transmitted to the
coupled switching elements have different phases among the
same set of switching elements during the unit period.

16. A method for driving an active-matrix display device
with a plurality of pixel forming portions for forming an
image to be displayed, a plurality of video signal lines for
transmitting video signals representing the image to be dis-
played, a plurality of scanning signal lines crossing the video
signal lines, and a plurality of control signal lines for trans-
mitting control signals to control a plurality of switching
elements provided so as to respectively correspond to the
video signal lines, the pixel forming portions being arranged
in amatrix in correspondence with respective intersections of
the video signal lines and the scanning signal lines, the
method comprising:

a scanning signal line drive step of selectively driving the

scanning signal lines;

a video-signal-line time-division drive step of driving the

video signal lines by sequentially applying image signal
inputted to represent the image to be displayed, to the
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video signal lines via the switching elements in a time-
division manner within a predetermined period; and
adisplay control step of providing the control signals to the
switching elements via the control signal lines, thereby
controlling the switching elements so as to bekepton for
a period required for providing video signals to pixel
forming portions coupled to the scanning signal lines
selected by the scanning signal line driver circuit, the
video signals being transmitted by video signal lines
corresponding to the pixel forming portions, wherein,
the video-signal-line time-division drive step includes:
an output step by a video signal output circuit with a
plurality of first output terminals respectively corre-
sponding to a plurality of video signal line groups into
which the video signal lines are divided, the video
signal output circuit outputting video signals from the
first output terminals in the time-division manner so
as to be transmitted by the video signal line groups
corresponding to the first output terminals; and
aswitching step by ademultiplexer having the switching
elements that connect each of the first output termi-
nals of the video signal output circuit to one of the
video signal lines in the video signal line group cor-
responding to that first output terminal and switch the
video signal line to be connected to the first output
terminal among the video signal line group corre-
sponding to the first output terminal in accordance
with the time-division manner, and
the control signal lines are divided into sets whose number
is equivalent to the number of time divisions, each set
consisting of a plurality of control signal lines for trans-
mitting a plurality of control signals to control switching
elements that are to be turned on within a unit period of
the time division.
17. (canceled)
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https://worldwide.espacenet.com/patent/search/family/046580796/publication/US2013300722A1?q=US2013300722A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130300722%22.PGNR.&OS=DN/20130300722&RS=DN/20130300722

