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(Ls) of the same group are connected to one another, and
connected to one output terminal (TS;). Based on a swilch-
ing control signal GS, the analog switches (SW;) connect
each of the output terminals (TS;) in each horizontal scan-
ning period by time division to the two video signal lines
(Ls) of the corresponding group.
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DISPLAY DEVICE AND METHOD FOR DRIVING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 U.S.C. §119(a) upon Japanese Patent Application
No. 2003-053682 titled “DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME,” filed on Feb. 28,
2003, the content of which is hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to display devices
that are AC driven, such as active-matrix liquid crystal
display devices for example. More specifically, the present
invention relates to display devices wherein a multitude of
video signal lines for transmitting video signals to a plurality
of pixel formation portions for forming an image to be
displayed are grouped together to a plurality of video signal
line groups, taking a plurality of (for example two) video
signal lines as one group, and a video signal is outputted
from a driving circuit by time division to each of the video
signal line groups.

[0004]

[0005] In recent years, there have been tremendous
advances in achieving a higher level of detail for images
displayed on display devices. Therefore, in display devices
requiring a plurality of signal lines (column electrodes or
row electrodes) corresponding to the resolution of the image
to be displayed, as in an active matrix liquid crystal display
device for example, the number of signal lines (electrodes)
per unit length becomes very large, as the level of detail of
the displayed image increases. As a result, when mounting
the driving circuit applying signals to those signal lines, the
pitch of the connection between the output terminals of the
driving circuit and the display panel signal lines (referred to
as “connection pitch” below) becomes extremely small. This
trend to a narrower connection pitch that is brought about by
the increased level of detail of the displayed image is
particularly striking in the connection portions between the
video signal lines (column electrodes) and their driving
circuit (referred to as “column electrode driving circuit,
7“data line driving circuit” or “video signal line driving
circuit”) in the case of a color display device in which the
neighboring three pixels of R (red), G (green) and B (blue)
are taken as display units, as in a color liquid crystal display
device.

[0006] In order to solve this problem, a liquid crystal
display device has been proposed, in which two or more
video signal lines (for example the three video signal lines
corresponding to three neighboring R, G and B pixels) are
grouped together, one output terminal of the video signal
line driving circuit is assigned to the plurality of video signal
lines constituting each group, and in one horizontal scanning
period of the image display, video signals are applied by
time division to all video signal lines within each group (see
JP H6-138851A, for example).

[0007] FIG. 2A schematically shows the configuration of
the connection between the video signal lines and the

1. Field of the Invention

2. Background of the Invention
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driving circuit thereof (referred to as “video signal line
driving circuit” in the following) in an active matrix-type
liquid crystal display device using this scheme (referred to
as “video signal line time-division driving scheme” in the
following). In the example shown in FIG. 2A, two video
signal lines Ls each are grouped into one group, and each of
the video signal line groups corresponds to one of the output
terminals TS,, TS,, TS;, . . . of the video signal line driving
circuit 300. One selector switch is disposed between each of
the output terminals TS;, TS,, TS;, . . . of the video signal
line driving circuit 300 and the two video signal lines of the
group corresponding to that output terminal. Each of the
selector switches is made of two neighboring analog
switches SW; and SW;,; (i=1, 3, 5, . . . ) of the analog
switches SW,, SW,, SW,, .. . that are each provided for one
of the video signal lines Ls, and one side of each of the
analog switches SW,, SW,, SW,, .. . is connected to one of
the video signal lines Ls. The other sides of the two analog
switches SW, and SW,_ ; constituting each selector switch
are connected to one another, and are connected to the output
terminal TS; (j=1,2, 3 . . . ) of the video signal line driving
circuit 300 corresponding to that selector switch. These
selector switches may be realized as analog switches by
thin-film transistors (TFTs) formed on the liquid crystal
panel substrate of the display device, for example.

[0008] FIGS. 4A to 4D are timing charts showing the
scanning signals G1, G2, G3, . . . in a liquid crystal display
device of this video signal line time-division driving scheme
and the control signal (referred to below as “switching
control signal”) GS for the selector switches. Here, when the
scanning signal Gk is at high level (H level), the k-th
scanning signal line is selected, and when the scanning
signal Gk is at low level (L level), the k-th scanning signal
line is unselected (k=1, 2, 3, . . . ). Moreover, when the
switching control signal GS is at H level, the selector
switches connect each of the output terminals TS, (=1, 2,3,
... ) of the video signal line driving circuit 300 to the left
one of the two corresponding video signal lines, and when
the switching control signal GS is at L level, the selector
switches connect each of the output terminals TS, (=1, 2,3,
... ) of the video signal line driving circuit 300 to the right
one of the two corresponding video signal lines. As shown
in FIG. 4D, in this liquid crystal display device, in one
horizontal scanning period, that is, in the period during
which one scanning signal line 1s selected, the video signal
line connected to each of the output terminals TS; is
switched, and each of the video signals from the video signal
line driving circuit are applied to the left one of the two
video signal lines constituting one group in the first half of
the horizontal scanning period, and to the right one of the
two video signal lines in the second half of the horizontal
scanning period. Thus, each video signal line Ls is charged
with the voltage of the video signal that is outputted from the
output terminal TS; of the video signal line driving circuit
300 while the output terminal TS; is connected to that video
signal line Ls, and that voltage value is written as a pixel
value into the pixel formation portion Px corresponding to
the intersection between that video signal line and the
selected scanning signal line.

[0009] In liquid crystal display devices using this video
signal line time-division driving scheme, the time that each
video signal line is charged is shortened in accordance with
the number of video signal lines constituting each group,
that is, the number of time divisions due to the selector
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switches. If m is the number of time divisions, then the
charge time of each video signal line is 1/m of that in an
ordinary liquid crystal display device not using the video
signal line time-division driving scheme (% in the example
shown in FIG. 2). However, by forming, on the liquid
crystal panel substrate, selector switches with a time divi-
sion number of m, it is possible to make the pitch of
connection of the output terminals of the video signal line
driving circuit and the video signal lines m times that of an
ordinary liquid crystal display device. Moreover, with this
configuration, if a video signal line driving circuit is used
that is made of a plurality of integrated circuit chips (IC
chips) to drive one liquid crystal panel, then the number of
those chips can be decreased.

[0010] The advantages of providing sclector switches on
the display panel substrate and driving the video signal lines
by time division as described above, that is, the advantages
of the video signal line time-division driving scheme are
widely known, and for this, a plurality of video signal lines
that are adjacent like, for example, the three video signal
lines transmitting video signals to the three neighboring R
(red), G (green) and B (blue) pixels are grouped together. In
ordinary liquid crystal display devices, AC driving is per-
formed in order to prevent deterioration of the liquid crystal
and to sustain the display quality. A typical AC driving
scheme is the so-called dot-inversion driving scheme, in
which the polarity of the voltage applied to the liquid crystal
layer forming the pixel is inverted at each scanning signal
line and at each video signal line (and also inverted at each
frame). When the above-described conventional video sig-
nal line time-division driving scheme is employed in liquid
crystal display devices using this dot-inversion driving
scheme, then the number of output terminals of the video
signal line driving circuit is reduced, but the power con-
sumption per output of the video signal line driving circuit
increases in accordance with the number of time divisions
(the number of video signal lines per group). That is to say,
if a video signal line time-division driving scheme with m
time divisions is applied, then, according to a simple model,
the power consumption P per output of the video signal line
driving circuit can be expressed by the following equation:

Pom-feV? @
[0011] where, f denotes the frequency, ¢ denotes the load

capacitance that is driven by the video signal line driving
circuit, and V denotes the driving voltage.

SUMMARY OF THE INVENTION

[0012] Tt is therefore an object of the present invention to
present a display device with which the power consumption
can be reduced while employing the above-described video
signal line time-division driving method, as well as a method
for driving the same.

[0013] According to one aspect of the present invention, a
display device comprises:

[0014] a plurality of pixel formation portions for
forming an image to be displayed,

[0015] a plurality of video signal lines for transmit-
ting a plurality of video signals representing the
image to the plurality of pixel formation portions;

[0016] a video signal line driving circuit that has a
plurality of output terminals respectively corre-
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sponding to a plurality of video signal line groups
made by grouping the plurality of video signal lines
into groups of two or more video signal lines, for
outputting by time division from each of the output
terminals the video signals to be transmitted by the
video signal line group corresponding to that output
terminal; and

[0017] a connection switching circuit for connecting
each of the output terminals of the video signal line
driving circuit to one of the video signal lines in the
corresponding video signal line group, and switching
the video signal line to which each of the output
terminals is connected within the corresponding
video signal line group in accordance with said time
division;

[0018] wherein each of the plurality of video signal
line groups is made of a plurality of video signal
lines that are spaced apart by an odd number of video
signal lines.

[0019] With this configuration, two or more video signal
lines that are to be connected by time division to an output
terminal of a video signal line driving circuit are grouped
together while being spaced apart by an odd number of video
signal lines, so that when AC driving is carried out in which
the voltage polarity of the driving signals is inverted at each
video signal line, the voltage polarity of the video signal
lines in the same group stays the same. Therefore, if AC
driving is performed in which the voltage polarity of the
driving signals is inverted at each video signal line, it is
possible to drive the video signal lines by time division
without making the switching period of the voltage polarity
of the video signals to be outputted from the video signal
line driving circuit any shorter. Thus, the video signal lines
can be driven by time division without increasing the power
consumption, and it becomes possible to reduce the power
consumption in comparison to that of the conventional
technology for driving the video signal lines by time divi-
sion.

[0020] Tt is preferable that this display device further
comprises:
[0021] a plurality of scanning signal lines intersect-

ing with the plurality of video signal lines; and

[0022] a scanning signal line driving circuit for
respectively applying to the plurality of scanning
signal lines a plurality of scanning signals for selec-
tively driving the plurality of scanning signal lines;

[0023] wherein the plurality of pixel formation por-
tions are arranged in a matrix, in correspondence to
the intersections between the plurality of video sig-
nal lines and the plurality of scanning signal lines;

[0024] wherein each of the pixel formation portions
comprises:

[0025] a switching element that is turned on and
off by a scanning signal applied by the scanning
signal line driving circuit to the scanning signal
line passing through the corresponding intersec-
tion;

[0026] a pixel electrode connected via the switch-
ing element to the video signal line that passes
through the corresponding intersection; and
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[0027] an opposing electrode that is shared by the
plurality of pixel formation portions, and that is
disposed such that a predetermined capacitance is
formed between the opposing electrode and the
pixel electrode;

[0028] wherein the connection switching circuit con-
nects by time division each of the output terminals of
the video signal line driving circuit to the video
signal lines within the corresponding video signal
line group from the time when one scanning signal
line is selected by the scanning signal line driving
circuit and until another scanning signal line is
selected.

[0029] With this configuration, in an active matrix-type
liquid crystal display apparatus performing AC driving, in
which the voltage polarity of the video signals is inverted at
each video signal line, it is possible to drive the video signal
lines by time division without making the switching period
of the voltage polarity of the video signals to be applied from
the video signal line driving circuit any shorter. Therefore,
the video signal lines can be driven by time division without
increasing the power consumption, and it becomes possible
to reduce the power consumption in comparison to that of
the conventional technology for driving the video signal
lines by time division.

[0030] In this display device, it is preferable that the
connection switching circuit changes a switching order of
the video signal lines to be connected to each of the output
terminals of the video signal line driving circuit in accor-
dance with a switching of the scanning signal line selected
by the scanning signal line driving circuit.

[0031] With this configuration, the order for switching the
video signal lines to be connected to each of the output
terminals of the video signal line driving circuit is changed
in accordance with a switching of the scanning signal line
selected by the scanning signal line driving circuit, so that
brightness irregularitics in the displayed image can be
suppressed. Moreover, also when AC driving is performed in
which the voltage polarity of the driving signals is inverted
at each video signal line, since video signal lines that are
spaced apart by an odd number of video signal lines are
grouped together, the voltage polarities of the video signal
lines of the same group are the same. As a result, even when
the switching order of the video signal lines to be connected
to each of the output terminals is changed, the switching
period of the voltage polarity of the video signals to be
outputted from the video signal line driving circuit does not
become any shorter. Consequently, brightness irregularities
in the displayed image can be suppressed without an
increase in power consumption.

[0032] In this display device, it is preferable that every
time the scanning signal line selected by the scanning signal
line driving circuit is switched a predetermined number of
times of two or greater, the video signal line driving circuit
inverts a voltage polarity of the video signal outputted from
each of the output terminals, taking the opposing electrode
as reference potential.

[0033] With this configuration, even when AC driving is
performed in which the voltage polarity of the driving
signals is inverted at each video signal line, since video
signal lines that are spaced apart by an odd number of video
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signal lines are grouped together, the voltage polarities of the
video signal lines of the same group are the same, and
moreover the voltage polarities do not change for at least
two horizontal scanning periods (that is, twice the period
during which one scanning signal line is selected). Thus, if
AC driving is performed in which the voltage polarity of the
driving signals is inverted at each video signal line, then it
is possible to greatly reduce the power consumption in order
to drive the video signal lines in comparison to that of the
conventional technology for driving the video signal lines by
time division.

[0034] According to another aspect of the present inven-
tion, a method for driving a display device comprising a
plurality of pixel formation portions forming an image to be
displayed; a plurality of video signal lines for transmitting a
plurality of video signals representing the image to the
plurality of pixel formation portions; and a video signal line
driving circuit having a plurality of output terminals respec-
tively corresponding to a plurality of video signal line
groups made by grouping the plurality of video signal lines
into groups of two or more video signal lines; comprises:

[0035] a step of outputting, by time division, from
each of the output terminals the video signals to be
transmitted by the video signal line group corre-
sponding to that output terminal; and

[0036] a step of connecting each of the output termi-
nals to one of the video signal lines in the corre-
sponding video signal line group, and switching the
video signal line to which each of the output termi-
nals is connected within the corresponding video
signal line group in accordance with said time divi-
sion;

[0037] wherein each of the plurality of video signal
line groups is made of a plurality of video signal
lines that are spaced apart by an odd number of video
signal lines.

[0038] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1A is a block diagram showing the configu-
ration of a liquid crystal display device according to an
embodiment of the present invention.

[0040] FIG. 1B is a block diagram showing the configu-
ration of the display control circuit of the liquid crystal
display device according to this embodiment.

[0041] FIG. 2A is a diagrammatic view showing a con-
ventional configuration serving as the basis for the liquid
crystal panel in this embodiment (basic conventional con-
figuration).

[0042] FIG. 2B is an equivalent circuit diagram of a
portion (corresponding to four pixels) of the panel of the
basic conventional configuration.

[0043] FIG. 2C is an equivalent circuit diagram showing
a selector switch constituting a later-described connection
switching circuit in the liquid crystal panel of the basic
conventional configuration
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[0044] FIG. 3 is a diagrammatic view showing the polar-
ity pattern for the case that the true dot-inversion driving
scheme is employed in a liquid crystal display device
provided with a liquid crystal panel of the basic conven-
tional configuration.

[0045] FIGS. 4A to 4F are timing charts illustrating a
driving method for the case that the true dot-inversion
driving scheme is employed in the liquid crystal display
device provided with the liquid crystal panel of the basic
conventional configuration.

[0046] FIG. 5 is a diagrammatic view of the configuration
of a liquid crystal panel in a liquid crystal display device
according to this embodiment and the polarity pattern for the
case that the true dot-inversion driving scheme is employed.

[0047] FIGS. 6A to 6F are timing charts illustrating a
driving method for the case that the true dot-inversion
driving scheme (one-line dot-inversion driving scheme) is
employed in the liquid crystal display device provided with
the liquid crystal device of this embodiment.

[0048] FIG. 7A shows a diagram illustrating the configu-
ration of the connection switching circuit and the polarity
pattern for the case that the one-line dot-inversion driving
scheme is employed in the basic conventional configuration,
as well as the timing charts corresponding to this diagram.

[0049] FIG. 7B shows a diagram illustrating the configu-
ration of the connection switching circuit and the polarity
pattern for the case that the one-line dot-inversion driving
scheme is employed in this embodiment, as well as the
timing charts corresponding to this diagram.

[0050] FIG. 8A shows a diagram illustrating the configu-
ration of the connection switching circuit and the polarity
pattern for the case that the two-line dot-inversion driving
scheme is employed in the basic conventional configuration,
as well as the timing charts corresponding to this diagram.

[0051] FIG. 8B shows a diagram illustrating the configu-
ration of the connection switching circuit and the polarity
pattern for the case that the two-line dot-inversion driving
scheme is employed in this embodiment, as well as the
timing charts corresponding to this diagram.

[0052] FIG. 9A shows a diagram illustrating the configu-
ration of the connection switching circuit and the polarity
pattern for the case that the source-inversion driving scheme
is employed in the basic conventional configuration, as well
as the timing charts corresponding to this diagram.

[0053] FIG. 9B shows a diagram illustrating the configu-
ration of the connection switching circuit and the polarity
pattern for the case that the source-inversion driving scheme
is employed in this embodiment, as well as the timing charts
corresponding to this diagram.

[0054] FIG. 10A shows a diagram illustrating the con-
figuration of the connection switching circuit and the polar-
ity pattern for the case that the two-line dot-inversion
driving scheme is employed in this embodiment, as well as
the timing charts corresponding to this diagram.

[0055] FIG. 10B shows a diagram illustrating the con-
figuration of the connection switching circuit and the polar-
ity pattern for the case that the two-line dot-inversion
driving scheme is employed in a first modification example,
as well as the timing charts corresponding to this diagram.
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[0056] FIG. 11 is a diagrammatic view showing the con-
figuration of a liquid crystal panel according to a second
modification example.

[0057] FIGS. 12A to 12F are timing charts illustrating a
driving method for a liquid crystal display device according
to the second modification example.

[0058] FIG. 13 is a diagrammatic view showing the
configuration of a liquid crystal panel according to a third
modification example.

[0059] FIGS. 14A to 14H are timing charts illustrating a
driving method for a liquid crystal display device according
to the third modification example.

[0060] FIG. 15A shows a diagram illustrating the con-
figuration of the connection switching circuit and the polar-
ity pattern for the case that the two-line dot-inversion
driving scheme is employed in the third modification
example, as well as the timing charts corresponding to this
diagram,

[0061] FIG. 15B shows a diagram illustrating the con-
figuration of the connection switching circuit and the polar-
ity pattern for the case that the two-line dot-inversion
driving scheme is employed in a fourth modification
example, as well as the timing charts corresponding to this
diagram.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0062] The following is a description of embodiments of
the present invention, with reference to the accompanying
drawings.

[0063]

[0064] FIG. 1A is a block diagram showing the configu-
ration of a liquid crystal display device according to an
embodiment of the present invention. This liquid crystal
display device includes a display control circuit 200, a video
signal line driving circuit (also referred to as “column
electrode driving circuit”) 300, a scanning signal line driv-
ing circuit (also referred to as “row electrode driving cir-
cuit”) 400, and an active matrix-type liquid crystal panel
500.

[0065] The liquid crystal panel 500, which serves as the
display portion in this liquid crystal display device, com-
prises a plurality of scanning signal lines (row electrodes),
which respectively correspond to the horizontal scanning
lines in an image represented by image data Dv received
from a CPU of an external computer or the like, a plurality
of video signal lines (column electrodes) intersecting with
the plurality of scanning signal lines, and a plurality of pixel
formation portions that are provided in correspondence to
the intersections of the plurality of scanning signal lines and
the plurality of video signal lines. The configuration of these
pixel formation portions is in principle the same as the
configuration of the pixel formation portions in conventional
active matrix-type liquid crystal panels (details are discussed
below).

[0066] In this embodiment, image data (in a narrow sense)
representing an image to be displayed on the liquid crystal
panel 500 and data determining the timing of the display
operation (for example data indicating the frequency of the

1.1 Overall Configuration and Operation



US 2004/0179014 A1

display clock) (referred to as “display control data” in the
following) are sent from the CPU of the external computer
or the like to the display control circuit 200 (in the following,
the data Dv sent from the outside are referred to as “image
data in a broad sense”). That is to say, the external CPU or
the like supplies the image data (in the narrow sense) and the
display control data, which constitute the image data in a
broad sense, as well as address signals ADw to the display
control circuit 200, so that the image data (in the narrow
sense) and the display control data are respectively written
into a display memory and a register (described later) in the
display control circuit 200.

[0067] Based on the display control data written into the
register, the display control circuit 200 generates a display
clock signal CK, a horizontal synchronization signal HSY,
and a vertical synchronization signal VSY. Moreover, the
display control circuit 200 reads out, from the display
memory, the image data (in a narrow sense) that has been
written into the display memory by the external CPU or the
like, and outputs them as digital image signals Da. The
display control circuit 200 also generates and outputs a
switching control signal GS for time-division driving of the
video signal lines and its logically inverted signal GSb
(referred to in the following as “inverted switching control
signal,” or simply “switching control signal” when there is
no need to distinguish it from GS). Thus, of the signals
generated by the display control circuit 200, the clock signal
CK is supplied to the video signal line driving circuit 300,
the horizontal synchronization signal HSY and the vertical
synchronization signal VSY are supplied to the video signal
line driving circuit 300 and to the scanning signal line
driving circuit 400, the digital image signals Da are supplied
to the video signal line driving circuit 300, and the switching
control signals GS and GSb are supplied to the video signal
line driving circuit 300 and a (later-described) connection
switching circuit inside the liquid crystal panel 500. It
should be noted that as the signal lines supplying the digital
image signals Da from the display control circuit 200 to the
video signal line driving circuit 300, a number of signal lines
is provided that corresponds to the gradation number of the
displayed image.

[0068] As noted above, the data representing the image to
be displayed on the liquid crystal panel 500 are supplied
serially, pixel for pixel, as the digital image signals Da to the
video signal line driving circuit 300, and the clock signal
CK, the horizontal synchronization signal HSY, the vertical
synchronization signal VSY, and the switching control sig-
nal GS are supplied as the signals indicating the timing.
Based on the digital image signals Da, the clock signal CK,
the horizontal synchronization signal HSY, the vertical syn-
chronization signal VSY, and the switching control signal
GS, the video signal line driving circuit 300 generates video
signals for driving the liquid crystal panel 500 (referred to as
“driving video signals” in the following), and applies these
driving video signals to the video signal lines of the liquid
crystal panel 500.

[0069] Based on the horizontal synchronization signal
HSY and the vertical synchronization signal VSY, the scan-
ning signal driving circuit 400 generates scanning signals
G1, G2, G3, . . . to be applied to the scanning lines in order
to select among the scanning signal lines of the liquid crystal
panel 500 one after the other by one horizontal scanning
period. The application of the active scanning signal for
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selecting all of the scanning signal lines one by one is carried
out in repetition with one vertical scanning period as the
period.

[0070] As described above, in the liquid crystal panel 500,
the driving video signals S, S,, S5, . . . are applied to the
video signal lines based on the digital image signals Da by
the video signal line driving circuit 300, and the scanning
signals G1, G2, G3, . . . are applied to the scanning signal
lines by the scanning signal driving circuit 400. Thus, the
liquid crystal panel 500 displays the image represented by
the image data Dv received from the external CPU or the
like.

[0071]

[0072] FIG. 1B is a block diagram showing the configu-
ration of the display control circuit 200 in the above-
described liquid crystal display device. This display control
circuit 200 includes an input control circuit 20, a display
memory 21, a register 22, a timing generation circuit 23, a
memory control circuit 24, and a signal line switching
control circuit 25.

[0073] The address signals ADw and signals representing
image data Dv in a broad sense (in the following, these
signals are also referred to as “Dv”) that this display control
circuit 200 receives from the external CPU or the like are
inputted into the input control circuit 20. Based on the
address signals ADw, the input control circuit 20 divides the
image data Dv in a broad sense into image data DA and
display control data Dec. Then, signals representing the
image data DA (in the following these signals are also
referred to as “DA”) are supplied to the display memory 21
together with address signals AD based on the address
signals ADw, so that the image data DA is written into the
display memory 21, and the display control data Dc is
written into the register 22. The display control data Dc
comprises timing information that specifies the frequency of
the clock signal CK and the horizontal scanning period and
the vertical scanning period for displaying the image repre-
sented by the image data Dv.

[0074] Based on the display control data held in the
register 22, the timing generation circuit 23 generates the
clock signal CK, the horizontal synchronization signal HSY
and the vertical synchronization signal VSY. Moreover, the
timing generation circuit 23 generates a timing signal for
operating the display memory 21 and the memory control
circuit 24 in synchronization with the clock signal CK.

[0075] The memory control circuit 24 generates address
signals ADr for reading out, of the image data DA that is
inputted from outside and stored in the display memory 21
via the input control circuit 20, the data representing the
image to be displayed on the liquid crystal panel 500. The
memory control circuit 24 also generates a signal for con-
trolling the operation of the display memory 21. The address
signals ADr and the control signal are fed to the display
memory 21, and thus, the data representing the image to be
displayed on the liquid crystal panel 500 is read out as the
digital image signals Da from the display memory 21, and
is outputted from the display control circuit 200. As men-
tioned above, the digital image signals Da are supplied to the
video signal line driving circuit 300.

1.2 Display Control Circuit

[0076] Based on the horizontal synchronization signal
HSY and the clock signal CK, the signal line switching
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control circuit 25 generates the switching control signals GS
and GSb for time-division driving of the video signal lines.
These switching control signals GS and GSb are control
signals for switching, within one horizontal scanning period,
the video signal lines to which the video signals outputted
from the video signal line driving circuit 300 are to be
applied, in order to perform time-division driving of the
video signal lines, as described later. As shown in FIG. 6D,
a signal that is at H level in the first half of the horizontal
scanning period (i.e. the period during which the scanning
signals is active) and at L level in the second half is
generated as the switching control signal GS, and its logi-
cally inverted signal is generated as the switching control
inverted signal GSb.

[0077] 1.3.Liquid Crystal Panel with Basic Configuration
and Method for Driving the Same

[0078]

[0079] FIG. 2A is a diagrammatic view showing a con-
ventional configuration serving as the basis for the liquid
crystal panel 500 in the present embodiment (in the follow-
ing, this conventional configuration is referred to as “basic
conventional configuration”). FIG. 2B is an equivalent
circuit diagram of a portion (corresponding to four pixels)
510 of this liquid crystal panel. FIG. 2C is an equivalent
circuit diagram showing a selector switch constituting a
later-described connection switching circuit 501 in the liquid
crystal panel.

[0080] The liquid crystal panel of this basic conventional
configuration includes a plurality of video signal lines Ls
that are connected to the video signal line driving circuit 300
via the connection switching circuit 501, which comprises
analog switches SW,, SW,, SW,, . . ., and a plurality of
scanning signal lines Lg that are connected to the scanning
signal line driving circuit 400. The video signal lines Ls and
the scanning signal lines Lg are arranged in a lattice pattern,
so that the video signal lines Ls intersect with the scanning
signal lines Lg. As noted above, a plurality of pixel forma-
tion portions Px are provided in a one-to-one correspon-
dence with the intersections of the video signal lines Ls and
the scanning signal lines Lg. As shown in FIG. 2B, each of
the pixel formation portions Px is made of a TFT 10 whose
source terminal is connected to the video signal line Ls
passing through the corresponding intersection, a pixel
electrode Ep connected to the drain terminal of that TFT 10,
an opposing electrode Ec that is shared by the plurality of
pixel formation portions Px, and a liquid crystal layer that is
shared by the plurality of pixel formation portions Px and
sandwiched between the pixel electrode Ep and the opposing
electrode Ec. The pixel electrode Ep and the opposing
electrode Ec and the liquid crystal layer sandwiched
between them form a pixel capacitance Cp. This configu-
ration of the pixel formation portion Px is the same for all
of the embodiments and the modification examples of the
present invention as described below.

[0081] The pixel formation portions Px are arranged in a
matrix, constituting a pixel formation matrix. The pixel
electrodes Ep, which are the principal portions of the pixel
formation portions Px, correspond one to one to the pixels
of the image that is displayed with the liquid crystal panel
and can be regarded as the same. Henceforth, to keep the
description simple, the pixel formation portions Px and the
pixels are regarded as the same, and the “pixel formation
matrix” is also referred to as the “pixel matrix.”

1.3.1 Configuration of Liquid Crystal Panel
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[0082] In FIG. 2A, the “+” marking some of the pixel
formation portions Px means that a positive voltage is
applied to the pixel liquid crystal constituting the pixel
formation portions Px (or, taking the opposing electrode Ec
as reference potential, to the pixel electrodes Ep) and the “~~
marking some of the pixel formation portions Px means that
a negative voltage is applied to the pixel liquid crystal
constituting the pixel formation portions Px (or, taking the
opposing electrode Ec as reference potential, to the pixel
electrodes Ep). The “+” and “~” marking the pixel formation
portions Px represent a polarity pattern in the pixel matrix.
The method for expressing such a polarity pattern is also the
same for all embodiments and the modification examples of
the present invention, described below. It should be noted
that FIG. 2A illustrates a polarity pattern for the case that the
so-called dot-inversion driving scheme is employed, in
which the polarity of the voltage applied to the pixel liquid
crystal is inverted at each scanning signal line and each
video signal line (and also inverted at each frame).

[0083] As noted above, as the portion for connecting the
video signal lines Ls with the video signal line driving
circuit 300, the liquid crystal panel is provided with a
connection switching circuit 501 comprising analog
switches SW,, SW,, SW, . . . , respectively corresponding
to the video signal lines Ls on the liquid crystal panel (see
FIG. 2A). These analog switches SW,, SW,, SW, .. . are
grouped into a plurality of analog switch groups by com-
bining two neighboring analog switches to one analog
switch group (the number of analog switch groups is half the
number of video signal lines Ls). One side of each of the
analog switches SW, (i=1, 2,3 . .. ) is connected to the video
signal line Ls corresponding to that analog switch SW;, and
the other side of that analog switch SW; is connected to the
other side of the other analog switch belonging to the same
group as that analog switch SW,, and is connected to one
output terminal TS; (j=1, 2, 3, . . . ) of the video signal line
driving circuit 300. Thus, the video signal lines Ls of the
liquid crystal panel are paired into a plurality of video signal
line groups, and each group of video signal lines (i.e. the two
video signal lines Ls constituting each video signal line
group) are connected via the two analog switches forming
one group o one output terminal TS; of the video signal line
driving circuit 300. Thus, the output terminals TS; of the
video signal line driving circuit 300 are in one-to-one
correspondence to the video signal line groups, and each
output terminals TS; is connected via the two analog
switches of the same group to one group of video signal lines
(i.e. the two video signal lines Ls constituting one video
signal line group).

[0084] Here, the analog switches SW; are realized by
thin-film transistors (TFTs) that are formed on the liquid
crystal panel substrate, for example, and are configured such
that the two analog switches SW,;_; and SWy; (=1,2,3 ..
.) forming one group are turned reciprocally on and off in
response to the switching control signal GS (and its logically
inverted signal GSb) as shown in FIG. 2C. Consequently,
the two analog switches SW,;_; and SW,; of each group
constitute a selector switch, and connect each output termi-
nal TS; of the video signal line driving circuit 300 by time
division to the two video signal lines of the video signal line
group corresponding to that output terminal TS;.
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[0085] 1.3.2 Driving Method

[0086] Referring to FIGS. 3 and 4A to 4F, the following
is a description of a driving method for the case that a liquid
crystal display device provided with a liquid crystal panel of
the basic conventional configuration employs the dot-inver-
sion driving scheme. In the following, in order to make a
distinction to the “two-line dot-inversion driving scheme”
explained below, in which the polarity is inverted in pairs of
two scanning signal lines, the dot-inversion driving scheme
in which the polarity is inverted at each single scanning
signal line, as shown in FIG. 3, is referred to as “true
dot-inversion driving scheme” or “one-line dot-inversion
driving scheme.”

[0087] FIG. 3 (corresponds to FIG. 2A) is a diagram
showing the polarity pattern for the case that the true
dot-inversion driving scheme is employed in a liquid crystal
display device provided with a liquid crystal panel of the
basic conventional configuration. As noted above, the “+”
and “-” signs marking the pixel formation portions Px
indicate the voltage polarity, and the references given in
parentheses below the “+” and “~” signs indicate the pixel
value to be written into the thus denoted pixel formation
portion Px. (More specifically, the pixel value to be written
into the pixel formation portion of the i-th row and the j-th
column in the pixel matrix is denoted as “dij.”) This method
for expressing the polarity pattern in the liquid crystal panel
and the pixel values to be written is also the same for the
other drawings discussed below.

[0088] FIGS. 4A to 4F are timing charts illustrating a
driving method for the case that the true dot-inversion
driving scheme is employed in the liquid crystal display
device provided with the liquid crystal panel of the basic
conventional configuration. As shown in FIGS. 4A to 4C,
scanning signals G1, G2, G3, . . . that are successively at H
level for one horizontal scanning period (one scanning line
selection period) are respectively applied to the scanning
signal lines Lg of the liquid crystal panel. With these
scanning signals G1, G2, G3, . . . , each scanning signal line
Lg takes on a selected (active) state when H level is applied
thereto, and the TFTs 10 of the pixel formation portions Px
connected to the selected scanning signal line Lg are turned
on. Conversely, each scanning signal line Lg takes on an
unselected (inactive) state when L level is applied thereto,
and the TFTs 10 of the pixel formation portions Px con-
nected to the unselected scanning signal line Lg are turned
off.

[0089] As shown in FIG. 4D, the switching control signal
GS is at H level 1n the first half and at L level in the second
half of the horizontal scanning period (the period during
which one of the scanning signals Gk (k=1, 2,3, ...isatH
level). Here, the analog switches SW,,; ; of the connection
switching circuit 501 that are connected to the odd-num-
bered video signal lines Ls are on when the switching
control signal GS is at H level, and are off when the
switching control signal GS is at L level. On the other hand,
the analog switches SW,; of the connection switching circuit
501 that are connected to the even-numbered video signal
lines Ls are off when the switching control signal GS is at
H level (GSb is at L level), and are on when the switching
control signal GS is at L level (GSb is at H level). Conse-
quently, the output terminals TS; of the video signal line
driving circuit 300 are connected to the odd-numbered
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(numbered 2j-1) video signal lines Ls during the first half of
each horizontal scanning period, and are connected to the
even-numbered (numbered 2j) video signal lines Ls during
the second half of each horizontal scanning period Thus, the
video signal S; to be outputted from the output terminal TS,
of the video signal line driving circuit 300 will be a signal
as shown in FIG. 4E, and the video signal S, to be outputted
from the output terminal TS, of the video signal line driving
circuit 300 will be a signal as shown in FIG. 4F. Here, the
timing charts in FIGS. 4E and 4F are made of an upper and
a lower band. The upper bands indicate the polarity of the
voltage of the video signals S; and S,, and the lower bands
indicate the pixel values of the video signals S, and S,. (This
method for expressing the timing charts of the video signal
lines is also the same for the other drawings discussed
below.)

[0090] In order to output such video signals, the video
signal line driving circuit 300, first, successively receives the
pixel values to be written into those pixel formation portions
Px of the odd-numbered pixel columns of the pixel matrix
whose TFTs 10 are turned on by the scanning signal Gk (for
example the pixel values d11, d13, d15, . . . when G1 is at
H level) from the display control circuit 200, and in the first
half of the k-th horizontal scanning period, video signals S;
corresponding to these pixel values are outputted from the
output terminals TS; (j=1, 2, 3, . . . ). Next, the pixel values
to be written into those pixel formation portions Px of the
even-numbered pixel columns of the pixel matrix whose
TFTs 10 are turned on by the scanning signal Gk (for
example the pixel values d12, d14, d16, . . . when Gl is at
H level) are successively inputted from the display control
circuit 200, and in the second half of the k-th horizontal
scanning period, video signals S; corresponding to these
pixel values are outputted from the output terminals TS;.
Then, the video signal line driving circuit 300 repeatedly
performs the above-described output (k=1,2, 3, .. . ) so that
the polarity of the video signals S,, S,, S;, . . . corresponds
to true dot-inversion driving with a polarity pattern as shown
in FIG. 3. When the liquid crystal display device is driven
in this manner, the voltage polarity of the video signals S,
S,, S,, . .. for writing pixel values corresponding to true
dot-inversion driving via the video signal lines Ls into the
pixel formation portions Px is switched substantially once
every horizontal scanning period, as can be seen in FIGS.
4E and 4F.

[0091] 1.4 Liquid Crystal Panel According to Embodiment
of the Invention and Method for Driving the Same

[0092]

[0093] FIG. 5is a diagrammatic view of the configuration
of a liquid crystal panel 500 according to the present
embodiment and the polarity pattern for the case that the true
dot-inversion driving scheme is employed. Except for the
configuration of the connection switching circuit, the con-
figuration of this liquid crystal panel 500 is the same as in
the basic conventional configuration, so that identical or
corresponding portions are marked by the same reference
numerals and a further detailed description thereof is omit-
ted.

[0094] As in the basic conventional configuration shown
in FIGS. 2A and 3, the connection switching circuit 502 of
this liquid crystal panel 500 comprises analog switches
SW,, SW,, SW,, . .. corresponding to the video signal lines

1.4.1 Configuration of Liquid Crystal Panel
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Ls on the liquid crystal panel 500, and one end of these
analog switches SW; (i=1, 2, 3, . . . ) is connected to the
corresponding video signal line Ls. The analog switches
SW._are grouped into a plurality (namely, % the number of
video signal lines Ls) of analog switch groups, by combining
two analog switches to one analog switch group. However
in this embodiment, as shown in FIG. 5, of analog switches
in the connection switching circuit 502, two analog switches
SW, and SW,,, (i=1, 2, 5, 6) that are spaced apart by one
analog switch are grouped together to form one group. With
regard to this, the present embodiment is different from the
basic conventional configuration. In the present embodi-
ment, the other ends of the two analog switches SW; and
SW__ belonging to the same group are connected to each
other and are connected to one output terminal TS; of the
video signal line driving circuit 300.

[0095] Thus, the video signal lines Ls of the liquid crystal
panel 500 are grouped into a plurality of video signal line
groups with two video signal lines spaced apart by one video
signal line and forming one group, and each group of video
signal lines (i.e. the two video signal lines Ls constituting
each video signal line group) are connected via the two
analog switches forming one group to one output terminal
TSj of the video signal line driving circuit 300. This means
that the output terminals TS; (j=1, 2, 3, . . . ) of the video
signal line driving circuit 300 are in one-to-one correspon-
dence to the video signal line groups, and each output
terminal TS; is connected via the two analog switches SW
forming one group to one video signal line group (two video
signal lines Ls spaced apart by one video signal line Ls and
forming one group).

[0096] Also in the present embodiment, the two analog
switches SW, and SW,,, forming one group are configured
so as to be reciprocally on and off in response to the
switching control signal GS (and its logically inverted signal
GSb). Consequently, the two analog switches SW; and
SW__ forming one group constitute a selector switch, and
connect each output terminal TS; of the video signal line
driving circuit 300 by time division to the two video signal
lines of the corresponding video signal line group.

[0097] 1.4.2 Driving Method for True Dot Inversion Driv-
ing

[0098] Next, a driving method for the case that the true
dot-inversion driving scheme is employed in a liquid crystal
display device according to the present embodiment pro-
vided with the above-described liquid crystal panel 500 is
described with reference to FIGS. 5 and 6.

[0099] FIGS. 6A to 6F are timing charts illustrating a
driving method for the case that the true dot-inversion
driving scheme is employed in a liquid crystal display
device provided with a liquid crystal panel 300 of the
above-described configuration shown in FIG. 5. As shown
in FIGS. 6A to 6D, the scanning signals Gk (k=1, 2, 3, . .
.) and the switching control signal GS are the same as in the
case of the basic conventional configuration (FIGS. 4A to
4D), and thus the on/off operation of the TFTs 10 of the pixel
formation portions Px due to the scanning signals Gk is also
the same as in the case of the basic conventional configu-
ration.

[0100] Moreover, the two analog switches SW, and SW,
constituting each group are reciprocally turned on and off in
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response to the switching control signal GS (and its logically
inverted signal GSb). In the connection switching circuit
502, of the analog switches SW, and SW,,,, the leading
analog switch SW, (i.e. the one with the smaller subscript)
is referred to as the “A switch” and the trailing analog switch
SW,,, (i.e. the one with the larger subscript) is referred to as
the “B switch.” In the first half of the horizontal scanning
period, the A switches (in the configuration shown in FIG.
5 those are the analog switches SW,, SW,, SW and SW)
are on, and the B switches (the analog switches SW;, SW,,
SW, and SW,) are off, whereas in the second half of the
horizontal scanning period, the A switches are off and the B
switches are on. Consequently, in the first half of the
horizontal scanning period, each output terminal TS; (j=1, 2,
3, .. .) of the video signal line driving circuit 300 is
connected to the video signal lines Ls connected to the A
switch of the video signal line group corresponding to that
output terminal TS;, and in the second half of the horizontal
scanning period, each output terminal TS, is connected to the
video signal line Ls connected to the B switch of the video
signal line group corresponding to that output terminal TS;.

[0101] For example, the output terminals TS, and TS, are
respectively connected to the first and second video signal
lines Ls in the first half of the horizontal scanning period,
and as a result, the video signals S; and S, outputted from the
video signal line driving circuit 300 respectively become the
video signal SL1 of the first video signal line Ls and the
video signal SL.2 of the second video signal line Ls. On the
other hand, the output terminals TS, and TS, are connected
to the third and fourth video signal lines Ls in the second half
of the horizontal scanning period, and as a result, the video
signals S; and S, outputted from the video signal line driving
circuit 300 respectively become the video signal SL3 of the
third video signal line Ls and the video signal SL4 of the
fourth video signal line Ls.

[0102] Thus, the video signal S1 to be outputted from the
output terminal TS, of the video signal line driving circuit
300 is for example the signal shown in FIG. 6E, and the
video signal S2 to be outputted from the output terminal TS,
is for example the signal shown in FIG. 6F. In order to
output these video signals, the video signal line driving
circuit 300 successively receives from the display control
circuit 200 the pixel values to be written into those pixel
formation portions Px of the (4j-3)th and the (4j-2)th pixel
columns in the pixel matrix whose TFTs 10 are turned on by
the scanning signal Gk (for example, the pixel values d11,
d12, d15, d16, . . . when G1 is at H level), and in the first
half of the k-th horizontal scanning period, the video signals
S; and S;,; corresponding to these pixel values are respec-
tively outputted from the output terminals TS; and TS;,,
(=1, 3, 5, . . .). Then, the video signal line driving circuit
300 successively receives from the display control circuit
200 the pixel values to be written into those pixel formation
portions Px of the (4j-1)th and the 4;-th pixel columns in the
pixel matrix whose TFTs 10 are turned on by the scanning
signal Gk (for example, the pixel values d13, d14, d17, d18,
... when G1 is at H level), and in the second half of the k-th
horizontal scanning period, the video signals S; and S;,,
corresponding to these pixel values are respectively output-
ted from the output terminals TS; and TS, , (=1,3,5,...).
Then, the video signal line driving circuit 300 alternatingly
repeats this output (k=1, 2, 3, . . . ), such that the voltage
polarity of the video signals S1, 82, S3, . . . corresponds to
true dot-inversion driving with the polarity pattern as shown
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in FIG. 5. When the liquid crystal display device is driven
in this manner, the voltage polarity of the video signals S,
S,,S,, . .. for writing the pixel values corresponding to true
dot-inversion driving via the video signal lines Ls into the
pixel formation portions Px is switched every horizontal
scanning period, as can be seen in FIGS. 6E and 6F.

[0103] Consequently, in this embodiment, the switching
period of the voltage polarity of the video signal S; outputted
from the video signal line driving circuit 300 is the same as
in the basic conventional configuration. Therefore, if the true
dot-inversion driving scheme is employed in this embodi-
ment, this embodiment is not particularly advantageous with
regard to lowering the power consumption in comparison to
the basic conventional configuration, according to Equation
D).

[0104] However, as explained in the first modification
example described below, different to the basic conventional
configuration, with the configuration of the liquid crystal
panel 500 of this embodiment, the switching period of the
voltage polarity of the video signal S; does not change even
when the order of the connection switching of the video
signal lines belonging to the same group is changed. Thus,
by changing for example every each horizontal scanning
period the order of the connection switching of the video
signal lines of the same group, it becomes possible to
suppress brightness irregularities in the displayed image
without increasing the power consumption.

[0105] In the following, in order to discuss the power
consumption for the case that another scheme is employed
as the AC driving scheme in the present embodiment,
diagrams illustrating the connection switching circuit and
the polarity pattern in a simplified manner are introduced,
and these diagrams and timing charts are shown in com-
parison to the basic conventional configuration. That is to
say, when discussing the power consumption in the present
embodiment for the case that the true dot-inversion driving
scheme is employed, the diagram and timing charts are
compared to the basic conventional configuration, as shown
in FIGS. 7A and 7B. FIG. 7A shows a diagram illustrating
the configuration and the polarity pattern of FIG. 3 as well
as the timing charts corresponding to this diagram, and FIG.
7B shows a diagram illustrating the configuration and the
polarity pattern of FIG. 5 as well as the timing charts
corresponding to this diagram. In these diagrams, to keep the
illustration simple, the pixel matrix is shown as a configu-
ration of 4 rows and 8 columns (the same is true in the
following unless indicated otherwise).

[0106] 1.4.3 Driving Method for Two-Line Dot Inversion
Driving
[0107] Referring to FIGS. 8A and 8B, the following is a

description of a driving method for the case that a two-line
dot-inversion driving scheme is employed in the liquid
crystal display device provided with the above-described
liquid crystal panel 500, in comparison with the driving
method of the basic conventional configuration. Here, “two-
line dot-inversion driving scheme” means an AC driving
scheme in which the polarity of the voltage applied to the
liquid crystal layer forming the pixels is inverted at each two
scanning signal lines and at each video signal line (and also

inverted at each frame), as shown in the diagrams of FIGS.
8A and 8B.

[0108] FIG. 8A shows a diagram illustrating the basic
conventional configuration and the polarity pattern of the
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two-line dot-inversion driving scheme, as well as timing
charts of the scanning signals G1 to G3, the switching
control signal GS and the video signals S, and S, corre-
sponding to this diagram, and the switching control signal
GS' and video signal S1' according to another example. As
shown in the timing charts of FIG. 8A, the scanning signals
Gk (k=1, 2, 3, . . .) and the switching control signal GS are
the same as when the true dot-inversion driving scheme is
employed (see FIGS. 4A to 4D and FIG. 7A). Conse-
quently, in the first half of the horizontal scanning period, the
video signals S, and S, outputted from the video signal line
driving circuit 300 are respectively applied to the first video
signal line and the third video signal line, and thus, the pixel
values are written into the pixel formation portions of the
first column and the third column of the pixel matrix. On the
other hand, in the second half of the horizontal scanning
period, the video signals S; and S, outputted from the video
signal line driving circuit 300 are respectively applied to the
second video signal line and the fourth video signal line, and
thus, the pixel values are written into the pixel formation
portions of the second column and the fourth column of the
pixel matrix. However, since the two-line dot-inversion
driving scheme is employed, the switching period of the
voltage polarity of the video signals S1 and S2 is different
to the case of the true dot-inversion driving scheme, and is
about ¥ the horizontal scanning period. Therefore, accord-
ing to Equation (1), it is disadvantageous compared to the
true dot-inversion driving scheme with regard to power
consumption.

[0109] However, if GS' of FIG. 8A is used instead of GS
as the switching control signal, and the order in which the
two video signal lines of the same group are connected to
one of the output terminals TS; of the video signal line
driving circuit 300 is changed, then the switching period of
the polarity of the video signals outputted from the video
signal line driving circuit 300 can be set to substantially one
horizontal scanning period. That is to say, in this case, the
video signal from the output terminal TS, of the video signal
line driving circuit 300 becomes the signal shown as S;' in
FIG. 8A. However, if the two-line dot-inversion driving
scheme is employed in the basic conventional configuration,
the switching period of the voltage polarity of the video
signals outputted from the video signal line driving circuit
300 cannot be made longer than one horizontal scanning
period.

[0110] FIG. 8B shows a diagram illustrating the liquid
crystal panel configuration according to the present embodi-
ment and the polarity pattern of the two-line dot-inversion
driving scheme, as well as timing charts of the scanning
signals G1 to G3, the switching control signal GS and the
video signals S, and S, corresponding to this diagram. As
shown in the timing charts of FIG. 8B, the scanning signals
Gk (k=1, 2, 3, . . . ) and the switching control signal GS are
the same as when the true dot-inversion driving scheme is
employed (see FIGS. 6A to 6D and FIG. 7B). Conse-
quently, in the first half of the horizontal scanning period, the
video signals outputted from the video signal line driving
circuit 300 are applied to the video signal lines connected to
the A switches (the leading ones of the two analog switches
of the same group). For example, the video signals S; and S,
outputted from the video signal line driving circuit 300 are
respectively applied to the first video signal line and the
second video signal line, and thus the pixel values are
written into the pixel formation portions of the first column
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and the second column of the pixel matrix. On the other
hand, in the second half of the horizontal scanning period,
the video signals S, and S, outputted from the video signal
line driving circuit 300 are applied to the video signal lines
connected to the B switches (the trailing ones of the two
analog switches of the same group). For example, the video
signals S; and S, outputted from the video signal line driving
circuit 300 are respectively applied to the third video signal
line and the fourth video signal line, and thus, the pixel
values are written into the pixel formation portions of the
third column and the fourth column of the pixel matrix.

[0111] Here, the analog switches SW,, SW,, SW, . . . are
grouped into groups of analog switches connected to two
video signal lines Ls with one analog switch placed in
between, so that in the case of the two-line dot-inversion
driving scheme, the polarities of the voltages to be applied
to the two video signal lines within the same group are the
same and do not change for two horizontal scanning periods.
Therefore, as shown in the timing chart of FIG. 8B, the
switching period of the voltage polarity of the video signals
S, and S, becomes two horizontal scanning periods. As a
result, according to Equation (1), the power consumption for
driving the video signal lines is reduced greatly (to % or even
less according to a simple calculation), compared to the prior
art.

[0112] 1.4.4 Driving Method for Source Inversion Driving

[0113] Referring to FIGS. 9A and 9B, the following is a
description of a driving method for the case that a source-
inversion driving scheme is employed in the liquid crystal
display device provided with the above-described liquid
crystal panel 500, in comparison with the driving method of
the basic conventional configuration. Here, “source-inver-
sion driving scheme” means an AC driving scheme in which
the polarity of the voltage applied to the liquid crystal layer
forming the pixels is inverted at each video signal line but
without change in the scanning signal lines (and also
inverted at each frame), as shown in the diagrams of FIGS.
9A and 9B.

[0114] FIG. 9A shows a diagram illustrating the basic
conventional configuration and the polarity pattern of the
source-inversion driving scheme, as well as timing charts of
the scanning signals G1 to G3, the switching control signal
GS and the video signals S; and S, corresponding to this
diagram, and the switching control signal GS' and video
signal S1' according to another example. As shown in the
timing charts of FIG. 9A, the scanning signals Gk (k=1, 2,
3, ...) and the switching control signal GS are the same as
when the true dot-inversion driving scheme is employed (see
FIGS. 4A to 4D and FIG. 7A), but since the source-
inversion driving scheme is employed, the switching period
of the voltage polarity of the video signals S, and S, is
different from the case of the true dot-inversion driving
scheme, namely % horizontal scanning period. However,
also in this case, if GS' of FIG. 9A is used instead of GS as
the switching control signal, and the order in which the two
video signal lines of the same group are connected to one of
the output terminals TS; of the video signal line driving
circuit 300 is changed, then the video signal from the output
terminal TS; of the video signal line driving circuit 300
becomes the signal shown as S;' in FIG. 9A. Thus, the
switching period of the voltage polarity of the video signal
outputted from the video signal line driving circuit 300 can
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be set to substantially one horizontal scanning period. How-
ever, if the source-inversion driving scheme is employed in
the basic conventional configuration, the switching period of
the voltage polarity of the video signals outputted from the
video signal line driving circuit 300 cannot be made longer
than one horizontal scanning period.

[0115] FIG. 9B shows a diagram illustrating the liquid
crystal panel configuration according to the present embodi-
ment and the polarity pattern of the source-inversion driving
scheme, as well as timing charts of the scanning signals G1
to G3, the switching control signal GS and the video signal
S, and S, corresponding to this diagram. As shown in the
timing charts of FIG. 9B, the scanning signals Gk (k=1, 2,
3,...) and the switching control signal GS are the same as
when the true dot-inversion driving scheme is employed (see
FIGS. 6A to 6D and FIG. 7B). Consequently, in the first
half of the horizontal scanning period, the video signals
outputted from the video signal line driving circuit 300 are
applied to the video signal lines connected to the A switches,
which are the leading ones of the two analog switches of the
same group, and in the second half of the horizontal scan-
ning period, they are applied to the video signal lines
connected to the B switches, which are the trailing ones of
the two analog switches of the same group.

[0116] Here, the analog switches SW,, SW,, SW, .. .are
grouped into groups of analog switches connected to two
video signal lines Ls with one video signal line placed in
between, so that in the case of the source-inversion driving
scheme, the polarities of the voltages to be applied to the two
video signal lines within the same group are the same and do
not change for one frame period (one vertical scanning
period). For example, the video signals S, and S, outputted
from the video signal line driving circuit 300 become as
shown in the timing chart of 9B. Thus, if the source-
inversion driving scheme is employed in the present
embodiment, the switching period of the video signals S;
outputted from the video signal line driving circuit 300
becomes one frame period (one vertical scanning period),
and compared to the prior art (FIG. 9A), the power con-
sumption for driving the video signal lines is reduced
greatly.

[0117] 1.5 Advantageous Effect

[0118] As described above, according to the present
embodiment, the video signal lines Ls of the liquid crystal
panel 500 are grouped into groups of two video signal lines
that are spaced apart by one video signal line (or more
generally an odd number of video signal lines). Therefore,
the voltage polarities of the video signal lines within the
same group are the same, even when AC driving scheme in
which, like the dot-inversion driving scheme or the source-
inversion driving scheme, the polarity of the driving video
signals is inverted at each video signal line. Thus, with the
present embodiment, a reduction of the power consumption
can be achieved while preserving the advantage of time-
division driving of the video signal lines, in which the video
signal lines Ls of the liquid crystal panel 500 are grouped
into groups of two video signal lines and within each group
the video signal line connected to one of the output terminals
TSj of the video signal line driving circuit 300 is succes-
sively switched.

[0119] As can be scen from the above, moreover, accord-
ing to the present embodiment, in the case of n-line dot-



US 2004/0179014 A1

inversion driving scheme (n=1 or n>1) that is an AC driving
scheme in which the polarity of the voltage applied to the
liquid crystal layer forming the pixels is inverted at each n
scanning signal lines and at each video signal line, the
polarities of the voltages to be applied to the two video
signal lines within the same group are the same and do not
change for n horizontal scanning periods, and therefore the
switching period of the polarity of the video signals becomes
n horizontal scanning periods. More specifically, in this case,
every time the scanning signal line selected by the scanning
signal line driving circuit 400 is switched n times, the video
signal line driving circuit inverts the polarity of the video
signals Sj outputted from the output terminals TSj (the
voltage polarity of the video signals taking the opposing
electrode Ec as reference potential) (=1, 2, 3, . . . ).
Accordingly, the larger the value of n is, the less the power
consumption will be. It should be noted that if n equals to the
number of the scanning signal lines Lg, the n-line dot-
inversion driving scheme means the source-inversion driv-
ing scheme.

2. FIRST MODIFICATION EXAMPLE

[0120] In the above-described embodiment, the switching
control signal GS as shown in the timing chart of FIG. 10A
is at H level in the first half and at L level in the second half
of the horizontal scanning period. Therefore, the output
terminals TS; of the video signal line driving circuit 300 are
always connected to the video signal lines Ls connected to
the A switches during the first half of the horizontal scanning
period, and are always connected to the video signal lines Ls
connected to the B switches during the second half of the
horizontal scanning period. Consequently, in all horizontal
scanning periods, the order in which the two video signal
lines Ls belonging to the same group are connected to one
of the output terminals of the video signal line driving circuit
300 corresponding to that group, that is, the order of the
connection switching of the video signal lines Ls in the same
group is fixed.

[0121] On the other hand, in this modification example, by
using a switching control signal GS as shown in the timing
chart of FIG. 10B, the order of the connection switching of
the video signal lines Ls of the same group is changed at
each horizontal scanning period. That is to say, in the first
half of a given horizontal scanning period, the video signal
lines Ls connected to the A switches are connected to the
output terminals of the video signal line driving circuit 300,
and in the second half, the video signal lines Ls connected
to the B switches are connected to the output terminals of the
video signal line driving circuit 300, but in the first half of
the next horizontal scanning period, the video signal lines Ls
connected to the B switches are connected to the output
terminals of the video signal line driving circuit 300, and in
the second half, the video signal lines Ls connected to the A
switches are connected to the output terminals of the video
signal line driving circuit 300. FIG. 10B shows a timing
chart of the video signals S, and S, from the video signal line
driving circuit 300 for the case that the order of the con-
nection switching for the video signal lines Ls of the same
group is changed every horizontal scanning period. As can
be seen from this timing chart, also in this modification
example, the switching period of the voltage polarity of the
video signals S; and S, is two horizontal scanning periods,
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so that there is no particular disadvantage compared to the
above-described embodiment with regard to power con-
sumption.

[0122] However, if, as in the above-described embodi-
ment, the order in which the video signal lines Ls of the
same group are connected to one of the output terminals TS;
of the video signal line driving circuit 300 (i.e. the order of
the connection switching) is fixed, then brightness irregu-
larities may occur in the displayed image and the image
quality may deteriorate due to the influence of the parasitic
capacitance between the pixel electrodes Ep of the pixel
formation portions Px and the neighboring video signal line
Ls. That is to say, even when the voltages of the video
signals S; from the video signal line driving circuit 300 are
the same, depending on whether the voltages are applied to
the video signal lines Ls in the first half or in the second half
of the horizontal scanning period, a discernible difference in
display brightness may occur, and in this case, brightness
irregularities in the displayed image may occur if the order
of the connection switching is fixed. On the other hand, with
this modification example, the order of the connection
switching of the video signal lines Ls in the same group is
changed every horizontal scanning period, so that the bright-
ness irregularities in the displayed image due to the influ-
ence of parasitic capacitance or the like are dispersed, and
the brightness irregularities can be made non-conspicuous.

3. SECOND MODIFICATION EXAMPLE

[0123] In the above-described embodiment, two analog
switches SW; and SW,, (i=1, 2, 5, 6, .. .), spaced apart on
the connection switching circuit 502 by one analog switch,
are grouped together to one group, but instead of spacing
them apart by one analog switch, they may also be spaced
apart by any odd number of analog switches. For example,
as shown in FIG. 11, it is also possible to group together two
analog switches SW, and SW,, (i=1,2,3,4, 9,10, .. .) that
are spaced apart on a connection switching circuit 503 by
three analog switches to one group. In this case, two video
signal lines Ls of the liquid crystal panel that are spaced
apart by three video signal lines are grouped together to one
group, and two video signal lines Ls constituting a group are
connected via analog switches by time division to one of the
output terminals TS; of the video signal line driving circuit
300. Then, if AC driving is performed in which the polarity
of the voltage applied to the liquid crystal layer forming the
pixels is inverted at each video signal line, then the voltage
polarities of the video signal lines Ls of the same group are
the same and do not change for a least one horizontal
scanning period, so that the same effect as in the above-
described embodiment can be attained with regard to a
reduction of power consumption.

[0124] For example, if the two-line dot-inversion driving
scheme as shown in FIG. 11 is employed, the voltage
polarities of the video signal lines Ls of the same group are
the same and do not change for two horizontal scanning
periods. And by using a scanning signal Gk (k=1, 2, 3, . . .
) as shown in FIGS. 12A to 12C and a switching control
signal GS as shown in FIG. 12D, the video signals S, and
S, to be outputted from the video signal line driving circuit
300 will be the signals shown in FIGS. 12E and 12F,
respectively. As can be seen from this timing chart, with this
modification example, the switching period of the voltage
polarity of the video signals S; and S, is two horizontal
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scanning periods, and the same effect can be attained as in
the case of employing the two-line dot-inversion driving
scheme in the above-described embodiment.

4. THIRD MODIFICATION EXAMPLE

[0125] 1In the above-described embodiment, two analog
switches SW, and SW,,, (i=1,2, 5,6, . .. ), spaced apart on
the connection switching circuit 502 by one analog switch,
are grouped together to one group, but instead of grouping
together two analog switches to one group, it is also possible
to group together three or more analog switches to one
group, respectively spaced apart by one analog switch (or
more generally an odd number of analog switches). For
example, as shown in FIG. 13, the three analog switches
SW,, SW,, and SW,,, (i=1, 2, 7, 8, . . . ), which are
respectively spaced apart by one analog switch on the
connection switching circuit 504, may be grouped together
to one group. In this case, three video signal lines Ls of the
liquid crystal panel that are spaced apart by one video signal
line are grouped together to one group, and the three video
signal lines Ls constituting a group are connected via analog
switches by time division to one of the output terminals TS;
of the video signal line driving circuit 300. If AC driving is
performed in which the polarity of the voltage applied to the
liquid crystal layer forming the pixels is inverted at each
video signal line, then the voltage polarities of the video
signal lines s of the same group are the same and do not
change for a least one horizontal scanning period, so that the
same effect as in the above-described embodiment can be
attained with regard to reduction of power consumption.

[0126] For example, if the two-line dot-inversion driving
scheme as shown in FIG. 13 is employed, the voltage
polarities of the video signal lines Ls of the same group are
the same and do not change for two horizontal scanning
periods. And by using a scanning signal Gk (k=1, 2, 3, . ..
) as shown in FIGS. 14A to 14C and switching control
signals GSa, GSb, and GSc as shown in FIGS. 14D to 14F,
the video signals S, and S, to be outputted from the video
signal line driving circuit 300 will be signals as shown in
FIGS. 14G and 14H, respectively. Here, when the three
analog switches SW;, SW,,, and SW,,, constituting one
group are referred to as “A switch,”B switch” and “C
switch,” in order starting with the leading one (the one with
the lowest subscript), then the A switch is turned on and off
by the switching control signal GSa, the B switch is turned
on and off by the switching control signal GSb, and the C
switch is turned on and off by the switching control signal
GSc. Each of these switches is turned on when the switching
control signal is at H level and off when the switching
control signal is at L level.

[0127] As can be seen from this timing charts in FIGS.
14G and 14H, with this modification example, the time
division number is increased from 2 to 3, and the same effect
with regard to reduction of power consumption can be
attained as in the above-described embodiment. That is to
say, with this modification example, if the two-line dot-
inversion driving scheme is employed, the switching period
of the voltage polarity of the video signals S1 and S2 is two
horizontal scanning periods and it is the same with regard to
reduction of power consumption as the above-described
embodiment.
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5. FOURTH MODIFICATION EXAMPLE

[0128] In the third modification example, the order in
which the analog switches within the same group are turned
on within the horizontal scanning period is fixed to A switch

= B switch & C switch, as illustrated in the timing charts
of the switching control signals GSa, GSb and GSc shown
in FIGS. 14D to 14F, but this order may also be changed
every horizontal scanning period. That is to say, it is possible
to change, for example every horizontal scanning period, the
order in which the three video signal lines Ls in one group
are connected to one of the output terminals TS; of the video
signal line driving circuit 300.

[0129] FIG. 15A is a diagram showing the configuration
and the polarity pattern of the third modification example in
which the order in which the analog switches in one group
are turned on is fixed, as well as the timing charts corre-
sponding to this diagram. FIG. 15B is a diagram showing
the configuration and the polarity pattern of this fourth
modification example in which the order in which the analog
switches in the same group are turned on is changed every
horizontal scanning period, as well as the timing charts
corresponding to this diagram. In this modification example,
the order in which the analog switches within the same

group are turned on is A switch @ B switch 2 C switch for
a given horizontal scanning period, and changes to C switch

= B switch 2 A switch in the next horizontal scanning
period, in accordance with the switching control signals
GSa, GSb and GSc shown in FIG. 15B. FIG. 15B thus
shows the timing charts of the video signals S; and S, from
the video signal line driving circuit 300 for the case that the
order of the connection switching of the video signal lines Ls
of the same group is changed every horizontal scanning
period.

[0130] Ascan be seen from these timing charts, even when
the order of the connection switching of the video signal
lines in the same group is changed as in this modification
example, in the case of the two-line dot-inversion driving
scheme for example, the switching period of the voltage
polarity of the video signals S, and S, is two horizontal
scanning periods, and compared to the case that the order of
the connection switching of the video signal lines in the
same group is fixed as in FIG. 15A, there is no particular
disadvantage with regard to power consumption. On the
other hand, with this modification example, the order of the
connection switching of the video signal lines Ls in the same
group is changed every horizontal scanning period, so that
brightness irregularities in the displayed image due to the
influence of parasitic capacitances or the like between the
pixel electrodes Ep of the pixel formation portions Px and
the neighboring video signal lines Ls are dispersed, and the
effect is attained that those brightness irregularities are made
non-conspicuous (effect of suppressing brightness irregu-
larities).

6. OTHER MODIFICATION EXAMPLES

[0131] In the above-described embodiment and modifica-
tion examples, the connection switching circuits 502 to 504
are formed on the liquid crystal panel substrate, but there is
no limitation to this, and they may also be included within
an IC chip realizing the video signal line driving circuit 300,
for example.
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[0132] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

What is claimed is:
1. A display device, comprising:

a plurality of pixel formation portions for forming an
image to be displayed,

a plurality of video signal lines for transmitting a plurality
of video signals representing the image to the plurality
of pixel formation portions;

a video signal line driving circuit that has a plurality of
output terminals respectively corresponding to a plu-
rality of video signal line groups made by grouping the
plurality of video signal lines into groups of two or
more video signal lines, for outputting, by time divi-
sion, from each of the output terminals the video
signals to be transmitted by the video signal line group
corresponding to that output terminal; and

a connection switching circuit for connecting each of the
output terminals of the video signal line driving circuit
to one of the video signal lines in the corresponding
video signal line group, and switching the video signal
line to which each of the output terminals is connected
within the corresponding video signal line group in
accordance with said time division;

wherein each of the plurality of video signal line groups

is made of a plurality of video signal lines that are

spaced apart by an odd number of video signal lines.

2. The display device according to claim 1, further com-
prising:

a plurality of scanning signal lines intersecting with the
plurality of video signal lines; and

a scanning signal line driving circuit for respectively
applying to the plurality of scanning signal lines a
plurality of scanning signals for selectively driving the
plurality of scanning signal lines;

wherein the plurality of pixel formation portions are
arranged in a matrix, in correspondence to the inter-
sections between the plurality of video signal lines and
the plurality of scanning signal lines;

wherein each of the pixel formation portions comprises:

a switching element that is turned on and off by a
scanning signal applied by the scanning signal line
driving circuit to the scanning signal line passing
through the corresponding intersection,

a pixel electrode connected via the switching element
to the video signal line that passes through the
corresponding intersection; and

an opposing electrode that is shared by the plurality of
pixel formation portions, and that is disposed such
that a predetermined capacitance is formed between
the opposing electrode and the pixel electrode;

wherein the connection switching circuit connects, by
time division, each of the output terminals of the video
signal line driving circuit to the video signal lines
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within the corresponding video signal line group from
the time when one scanning signal line is selected by
the scanning signal line driving circuit and until another
scanning signal line is selected.

3. The display device according to claim 2, wherein the
connection switching circuit changes a switching order of
the video signal lines to be connected to each of the output
terminals of the video signal line driving circuit in accor-
dance with a switching of the scanning signal line selected
by the scanning signal line driving circuit.

4. The display device according to claim 2, wherein every
time the scanning signal line selected by the scanning signal
line driving circuit is switched for a predetermined number
of times of two or greater, the video signal line driving
circuit inverts a voltage polarity of the video signal output-
ted from each of the output terminals, taking the opposing
electrode as reference potential.

5. The display device according to claim 1, wherein the
video signal line driving circuit outputs the plurality of the
video signals such that voltages of different polarities are
applied to neighboring video signal lines of the plurality of
video signal lines.

6. A method for driving a display device comprising a
plurality of pixel formation portions for forming an image to
be displayed; a plurality of video signal lines for transmit-
ting a plurality of video signals representing the image to the
plurality of pixel formation portions; and a video signal line
driving circuit having a plurality of output terminals respec-
tively corresponding to a plurality of video signal line
groups made by grouping the plurality of video signal lines
into groups of two or more video signal lines;

the method comprising:

a video signal output step of outputting, by time division,
from each of the output terminals the video signals to
be transmitted by the video signal line group corre-
sponding to that output terminal; and

a connection switching step of connecting each of the
output terminals to one of the video signal lines in the
corresponding video signal line group, and switching
the video signal line to which each of the output
terminals is connected within the corresponding video
signal line group in accordance with said time division;

wherein each of the plurality of video signal line groups
is made of a plurality of video signal lines that are
spaced apart by an odd number of video signal lines.

7. The method according to claim 6, wherein in the video
signal output step, the plurality of the video signals are
outputted such that voltages of different polarities are
applied to neighboring video signal lines of the plurality of
video signal lines.

8. A method for driving an active matrix-type display
device comprising a plurality of video signal lines for
transmitting a plurality of video signals representing an
image to be displayed; a plurality of scanning signal lines
intersecting with the plurality of video signal lines; a video
signal line driving circuit having a plurality of output
terminals respectively corresponding to a plurality of video
signal line groups made by grouping the plurality of video
signal lines into groups of two or more video signal lines;
and a plurality of pixel formation portions that are arranged
in a matrix, in correspondence to the intersections between
the plurality of video signal lines and the plurality of
scanning signal lines;
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the method comprising:

a scanning signal line driving step of selectively driving
the plurality of scanning signal lines;

a video signal output step of outputting, by time division,
from each of the output terminals the video signals to
be transmitted by the video signal line group corre-
sponding to that output terminal; and

a connection switching step of connecting each of the
output terminals to one of the video signal lines in the
corresponding video signal line group, and switching
the video signal line to which each of the output
terminals is connected within the corresponding video
signal line group in accordance with said time division,

wherein each of the plurality of video signal line groups
is made of a plurality of video signal lines that are
spaced apart by an odd number of video signal lines.
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9. The method according to claim 8, wherein in the
connection switching step, a switching order of the video
signal lines to be connected to each of the output terminals
of the video signal line driving circuit is changed in accor-
dance with a switching of the scanning signal line selected
in the scanning signal line driving step.

10. The method according to claim 8, wherein in the video
signal output step, every time the scanning signal line
selected in the scanning signal line driving step is switched
for a predetermined number of times of two or greater, a
voltage polarity of the video signal outputted from each of
the output terminals is inverted.

11. The method according to claim 8, wherein in the video
signal output step the plurality of the video signals are
outputted such that voltages of different polarities are
applied to neighboring video signal lines of the plurality of
video signal lines.
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