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(57) ABSTRACT

Each of a plurality of liquid crystal display panels includes a
gate driver for line-sequentially selecting respective gate
lines and a source driver for setting the potentials of respec-
tive source lines. The plurality of liquid crystal display panels
include a single timing controller for controlling the respec-
tive gate drivers and the respective source drivers correspond-
ing to the plurality of liquid crystal display panels.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, in particular, a liquid crystal display device
including a plurality of liquid crystal display panels disposed
in a row in one direction to display an image.

BACKGROUND ART

[0002] FIG.10is a block diagram showing a configuration
example of a liquid crystal display device which utilizes a
plurality of source drivers to drive a single liquid crystal
display panel. In the example shown in FIG. 10, a timing
controller 61 controls a gate driver 62 and the plurality of
source drivers 63 to display an image on the liquid crystal
display panel 65. F1G. 10 shows a case where the gate driver
62 and the plurality of source drivers 63 are disposed on a
substrate 67 while the timing controller 61 is disposed on a
substrate 68.

[0003] As the connection method between a plurality of
source drivers and a timing controller for inputting control
signals or other signals to the respective source drivers, there
have been known a point-to-point system (see, e.g. Non-
Patent Document 1). In the point-to-point system, the source
drivers are connected to a timing controller, utilizing different
signal lines for the respective source drivers.

PRIOR ART DOCUMENT

Non-Patent Document

[0004] Non-Patent Document 1: New Technology for Lig-
uid Crystal Source/Driver IC For Large Liquid Crystal
Televisions Having a Full HD Size “PPml. (registered
trademark)” [online], Renesas Electronics Corporation,
[Search on Feb. 18, 2011], Internet<URL:http://www2.
renesas.com/display/ja/sp_ppml html>

DISCLOSURE OF INVENTION

Technical Problem

[0005] When an attempt is made to realize a liquid crystal
display device including a plurality of liquid crystal display
panels disposed in a row in a lateral direction to display an
image on the respective crystal display panels, one possible
solution is to provide a configuration shown in FIG. 11. FIG.
11 is a block diagram showing a general configuration
example of a liquid crystal display device including a plural-
ity of liquid crystal display panels disposed in a row in a
lateral direction.

[0006] In the example shown in FIG. 11, the liquid crystal
display device includes four liquid crystal display panels
disposed ina row in a lateral direction. A timing controller 71,
a gate driver 72 and a plurality of source drivers 73 are
disposed for each of the liquid crystal display panels 75. In the
shown example, it is shown that four source drivers 73 are
disposed for each of the liquid crystal display panels 75. In
FIG. 11, it is shown that the gate driver 2 and the four source
drivers 73 for each of the liquid crystal display panels 75 are
disposed on each substrate 77 while the timing controller 71
is disposed on each substrate 78.

[0007] The respective timing controllers 71 are connected
to their corresponding source drivers 73 by a point-to-point
system.
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[0008] Thetiming controllers 71 are connected to a graphic
controller 81. The graphic controller 81 is disposed on a
substrate 82. The graphic controller 81 generates the image
data representing an image to be displayed on the respective
liquid crystal display panels 75 and supplies the image data to
the respective timing controllers 71. The respective timing
controllers 71 input control signals, image data or other sig-
nals into the respective gate drivers 72 and the respective
source drivers 73 to display the image on the liquid crystal
display panels 75 by means of the respective gate drivers 72
and the respective source drivers 73. In FIG. 11, it is shown
that the graphic controller 81 divides an image showing a
displayed object 91 so as to display the respective divided
images on the four liquid crystal display panels 75. A user can
grasp the entire image showing the displayed object 91 by
watching the four liquid crystal display panels 75.

[0009] 1Inthe case of a general configuration shown in FIG.
11, the production cost of the liquid crystal display device is
expensive because the provision of the timing controllers 71
for the respective liquid crystal display panels 75 increases
the number of the timing controllers 71. For example, whenn
liquid crystal display panels 75 are disposed, n timing con-
trollers 71 are accordingly required, increasing the produc-
tionl cost.

[0010] Further, it has been difficult to synchronize the lig-
uid crystal display panels 75 since the respective timing con-
trollers 71 independently control the gate drivers 72 and the
plurality of source drivers 73, resulting the drivers to be out of
synchronization.

[0011] Itis an object of the present invention to provide a
liquid crystal display device which includes a plurality of
liquid crystal display panels disposed in a row in one direction
and which is capable of reducing the production cost and of
establishing synchronization among combinations of a liquid
crystal display panel, a gate driver and source drivers.

Solution to Problem

[0012] Theliquid crystal display device includes a plurality
of liquid crystal display panels including source lines dis-
posed along columns of pixels arranged in a matrix pattern
and gate lines disposed along rows of the pixels arranged in
the matrix pattern; the plurality of liquid crystal display pan-
els being disposed in a row in one direction; each of the liquid
crystal display panels including a gate driver for selecting
respective gate lines and at least one source driver for setting
the potentials of the respective source lines; and a single
timing controller for controlling the respective gate drivers
and the respective source drivers corresponding to the plural-
ity of liquid crystal display panels.

[0013] The timing controller may be connected to the
respective source drivers via independent signal lines.

[0014] The plurality of liquid crystal display panels may be
configured so as to be disposed such that the angle formed by
adjacent liquid crystal display panels is less than 180 degrees.

[0015] Each of the liquid crystal display panels may
include a single source driver.

[0016] The gate driver disposed for each of the liquid crys-
tal display panels may be configured as a built-in gate driver,
which is disposed in each of the liquid crystal display panels
and which includes a shift register and an output switch.
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Advantageous Effects of Invention

[0017] In accordance with the present invention, it is pos-
sible not only to reduce the production cost of a liquid crystal
display device including a plurality of liquid crystal display
panels disposed in a row in one direction but also to synchro-
nize operation among combinations ofa liquid crystal display
panel, its gate driver and its source driver or source drivers.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a block diagram showing a configuration
example of the liquid crystal display device according to an
embodiment of the present invention.

[0019] FIG.2isanexplanatory diagram showing a connec-
tion example among a pixel electrode, a TFT, a source line
and a gate line in the embodiment of the present invention.
[0020] FIG. 3 is a timing chart showing an example of the
input timing of signals from a timing controller to a gate
driver and a source driver in the embodiment of the present
invention.

[0021] FIG. 4 is a timing chart showing details of the input
timing of STH and CLK to a source driver in the embodiment
of the present invention.

[0022] FIG. 5is a schematic diagram showing an example
of timing that image data is captured by the source drivers in
the embodiment of the present invention.

[0023] FIG. 6 is a top plan view showing a plurality of
liquid crystal display panels in a case where the liquid crystal
display panels are disposed such that the angle formed by the
display screens of adjacent liquid crystal display panels is less
than 180 degrees in the embodiment of the present invention.
[0024] FIG. 7 is a block diagram showing a preferred con-
figuration example in a case where the liquid crystal display
panels are disposed such that the angle formed by the display
screens of adjacent liquid crystal display panels is less than
180 degrees in the embodiment of the present invention.
[0025] FIG. 81s a schematic diagram showing a configura-
tion example of a case where panel-built-in gate drivers are
employed in an embodiment of the present invention.

[0026] FIG.9isaschematic diagram showing a configura-
tion example ofa built-in gate driver in the embodiment of the
present invention.

[0027] FIG. 10 is a block diagram showing a general con-
figuration example of a liquid crystal display device which
employs a plurality of source drivers to drive a single liquid
crystal display panel in an embodiment of the present inven-
tion.

[0028] FIG. 11 is a block diagram showing a general con-
figuration example of a liquid crystal display device including
aplurality ofliquid crystal display panels disposed ina row in
a lateral direction.

DESCRIPTION OF EMBODIMENTS

[0029] Now, embodiments of the present invention will be
described in reference to the accompanying drawings.
[0030] FIG. 1 is a block diagram showing a configuration
example of a liquid crystal display device according to the
present invention. The liquid crystal display device according
to an embodiment of the present invention includes a plurality
of liquid crystal display panels 5 disposed in a row in one
direction. Although FIG. 1 shows a case where the liquid
crystal display device includes four liquid crystal display
panels 5 disposed in a row, the number of the liquid crystal
display panels 5 may be plural and is not limited to four.
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[0031] Explanation will be made about a case where each
of the liquid crystal display panels 5 is a liquid crystal display
panel employing TFTs (Thin Film Transistors). Each of the
liquid crystal display panels 5 includes a source line for each
column of pixel electrodes disposed in a matrix pattern and a
gate line for each row of the pixel electrodes. Each pixel
electrode includes a TFT. Each pixel electrode is connected to
its own TFT, which is connected to a source line and a gate
line. The source lines are disposed along the respective col-
umns of the pixel electrodes while the gate lines are disposed
along the respective rows of the pixel electrodes. FIG. 2 is an
explanatory diagram showing a connection example among a
pixel electrode, a TFT, a source line and a gate line in the
embodiment of the present invention. FIG. 2 shows a pixel
electrode which is disposed in the i-th row and the k-th col-
umn and connected to the gate line G, in the i-th row and the
source line S, in the k-th column among the plural pixel
electrode disposed in a matrix pattern. The pixel electrode 21
is connected to the drain 22, ofthe TFT 22. The gate 22, of the
TFT 22 is connected to the gate line G, and the source 22, of
the TFT 22 is connected to the source line S,. A combination
of the pixel electrode 21 and the TFT 22 corresponds to one
pixel. Although FIG. 2 shows only one pixel electrode, this
connection configuration is also applied to the connection
configuration of the TFT, the gate line and the source line in
each of the other pixel electrodes.

[0032] In each of the liquid crystal display panels 5, the
respective gate lines are line-sequentially selected such that a
selected gate line is set at a selected-period potential, and the
non-selected gate lines are set at a non-selected-period poten-
tial. When a gate line is selected, the respective source lines
are set at potentials according to the image data of the row of
the selected gate line. In the TFT 22 disposed in each of the
pixel electrodes, when the gate 22, is set at the selected-
period potential, conduction is established between the drain
22, and the source 22_. When the gate 22, is set at the non-
selected-period potential, no conduction is established
between the drain 22, and the source 22_.. Thus, the respective
pixel electrodes of a selected row are set at potentials accord-
ing to the image data of that row. The respective liquid crystal
display panels 5 include a common electrode 30 opposed
thereto through a liquid crystal (not shown). The potential of
the common electrode is controlled as to be set at a predeter-
mined level with the result that voltages are applied across
respective portions of the liquid crystal in a selected row
according to the image data of that row.

[0033] Insome parts of the following explanation, it should
be noted that the selected period potential is referred to as
VGH while the non-selected period potential is referred to as
VGL.

[0034] Further, the liquid crystal display device according
to this embodiment includes a gate driver 2 and a plurality of
source drivers 3 for each of the liquid crystal display panels 5.
Although FIG. 1 shows a case where a single liquid crystal
display panel 5 includes four source drivers 3, there is no
limitation on the number of the source drivers 3 disposed on
each of the liquid crystal display panels 5. The gate driver 2
and the plurality of source drivers 3 disposed on each of the
liquid crystal display panels 5 may be mounted on each of the
liquid crystal display panels 5 by the COG (Chip On Glass)
technique for example. Each of the liquid crystal display
panels 5 includes a substrate 7 connected to the gate driver 2
and the plurality of source drivers 3 disposed thereon.
Although each of the substrate 7 has a common electrode
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potential setting section disposed thereon in order to make
control such that the common electrode of its corresponding
liquid crystal display panel 5 is set at a predetermined level,
the common electrode potential setting section on each of the
substrates is not shown in FIG. 1 for simplicity.

[0035] Furthermore, the liquid crystal display device
according to this embodiment includes a single graphic con-
troller 11 and a single timing controller 1. The graphic con-
troller 11 and the timing controller 1 may be disposed on a
substrate 12 different from each of the substrates 7 for
example. The graphic controller 11 is connected to the timing
controller 1, and the graphic controller 11 inputs image data
into the timing controller 1.

[0036] As the technique for connecting the gate drivers 2
and the source drivers 3 to the liquid crystal display panels,
the COF (Chip On Film) may be adopted to mount the respec-
tive drivers on the respective substrates 7.

[0037] In this embodiment, the single time controller 1 is
connected to the respective source drivers 3 disposed for each
of the liquid crystal display panels 5. In other words, the
source drivers 3 of each of the liquid crystal display panels 5
are connected to the common timing controller 1. The timing
controller 1 are preferably connected to the respective source
drivers of each of the liquid crystal display panels 5 by a
point-to-point system. In other words, the time controller 1 is
preferably connected to the respective source drivers 3 by
employing independent signal lines for the respective source
drivers 3. Explanation of this embodiment will be made about
a case where the connection between the timing controller 1
and the respective source drivers 3 is made by the point-to-
point system.

[0038] Although itisshownin FIG. 1 for simplicity that the
timing controller 1 is connected to one source driver 3 via a
single signal line, the timing controller 1 is connected to one
source driver 3 via two signal lines. The timing controller 1
employs two signal lines to input a signal or image data into
one source driver 3 via two signal lines in a differential
signaling system.

[0039] The timing controller 1 is also connected to the gate
driver 2 disposed on each of the liquid crystal display panels
5. In other words, the gate driver 2 of each of the liquid crystal
display panels 5 is connected to the common timing control-
ler 1.

[0040] In accordance with the timing controller 1, the
respective gate drivers 2 set the potential of a selected gate
line at the selected-period potential and set the potential of a
non-selected gate line at the non-selected-period potential,
line-sequentially selecting the respective gate lines. When the
potential of a selected gate line is set at the selected-period
potential, the potential of the gates of the respective TFTs
connected to the selected gate line is also set at a selected-
period potential. As a result, conduction is establish between
the source and the drain of these TFTs such that each of the
pixel electrodes in the row corresponding to the selected gate
line is set at a potential equal to that of the source line with it
being arrayed therein. On the other hand, when the potential
of a non-selected gate line is set at the non-selected-period
potential, the potential of the gate of each of the TFTs con-
nected to the non-selected gate line is also at a non-selected-
period potential. As a result, no conduction is established
between the source and the drain in each of these TFTs.
[0041] In this embodiment, the source drivers 3 of a liquid
crystal display panel 5 are connected to some of the source
lines of the liquid crystal display panel. In this embodiment,
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it is assumed for ease of explanation that one liquid crystal
display panel 5 has 4-m source lines. It is also assumed that
the j-th source driver from the left when viewed from a viewer
side, among the four source drivers 3 corresponding to one
liquid crystal display panel 5, is connected to the (m-(j=1)+
1)-th to m-j-th source lines from the left when viewed from the
viewer side, among the source lines of the one liquid crystal
display panel 5. The source drivers 3 capture image data
under the control of the timing controller 1. The source driv-
ers 3 set the potential of the source lines connected to the
source drivers 3 at potentials corresponding to the image data
for the pixels in the row corresponding to a selected gate line.
[0042] FIG. 3 is a timing chart showing an example of the
input timing of e.g. signals from the timing controller 1 to a
gate driver 2 or source drivers 3. The timing controller 1
inputs a control signal indicating the start of sequential selec-
tion from the gate line in the first row (hereinbelow, referred
to as STV) and a clock signal indicating the switch of a
selected row to the next selected row (hereinbelow, referred to
as CKV) into each of the gate drivers 2. STV is also called a
gate start pulse, and CKV is also called a gate shift pulse.
When the timing controller 1 indicates each gate driver 2 to
start sequential selection from the gate line in the first row, the
timing controller raises STV to a high level and raises CK'V to
ahighlevel in duration where STV is at a high level, followed
by setting STV to a low level (see FIG. 3). Further, the timing
controller 1 periodically repeats control to set CKV at a high
level and then to set CKV at a low level. When each of the gate
drivers 2 detects a rising edge of CKV in duration where STV
is at a high level, each of the gate drivers selects the gate line
in the first row. After that, whenever each of the gate drivers
detects the rising edge of CKV, each of the gate drivers
sequentially selects the gate lines in the second row and its
subsequent rows (see FIG. 3). It should be noted that the state
that the potential of a gate line is set at VGH means that this
gate line is selected.

[0043] The timing controller 1 also inputs a control signal
indicating the start of capture of image data in one row (here-
inbelow, referred to as STH), a clock signal indicating the
capture of one pixel data in the one row (hereinbelow, referred
to as CLK), and a control signal indicating the output of
potentials according to the captured image data (hereinbelow,
referred to as LP) into the respective source drivers 3. STH is
also called a source start pulse, CLK is also called a dot clock
and LP is also called a latch pulse.

[0044] FIG. 4 is a timing chart showing details of the input
timing of STH and CLK to a source driver 3. When the timing
controller 1 indicates a source driver 3 to start the capture of
image data in one row, the timing controller sets STH ata high
level, raises CLK to a high level in duration where STH is at
ahigh level, followed by setting STH to a low level (see FIG.
4). Further, the timing controller 1 periodically repeats con-
trolto set CLK at a high level and then set CLK at a low level.
When a source driver 3 detects a rising edge of CLK in
duration where STH is at a high level, whenever the source
driver detects a rising edge of CLK after the next rising edge
of CLK, the source driver captures image data of every one
pixel (see FIG. 4). The timing controller 1 also periodically
raises STH to a high level as shown in FIG. 3

[0045] In duration from a falling edge to a rising edge of
STH, the timing controller 1 inputs the image data in the row
corresponding to a next selected gate line and in columns
corresponding to the source lines connected to the source
drivers 3 into the respective source drivers 3. For example, the
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image data of the pixels from the (m-(j=1)+1)-th to m--th
from the left when viewed from the viewer side, among the
image data of the row corresponding to a next selected gate
line, is input into the j-th source driver 3 from the left when
viewed from the viewer side. The source drivers 3 capture
input image data in synchronization with CLK.

[0046] Furthermore, the timing controller 1 raises LP to a
high level at the start of a selection period so as to correspond
to the selection periods of the respective gate lines and then to
fall LP to a low level for the source drivers 3 (see FIG. 3).
When the source drivers 3 detect a rising edge of LP, the
potentials of the respective source lines connected to the
source drivers 3 are set at potentials according to captured
image data. As a result, the potentials of the respective source
lines change to the potentials according to the image data of
the pixels of the columns of the respective source lines in the
selected row. It should be noted that only a change in potential
of a single source line is schematically shown in FIG. 3.

[0047] Furthermore, the timing controller 1 causes the
source drivers 3 to capture the image data of a row, followed
by causing the gate drivers 2 to select the gate line of the row
and the source drivers 3 to set the source lines at potentials
corresponding to the image data. For example, as shown in
FIG. 3, the timing controller 1 first causes the source drivers
3 to capture the image data of the first row in one frame. After
that, the timing controller 1 causes the gate drivers 2 to select
the gate line of the first row and the source drivers 3 to set the
potentials of the source lines at potentials corresponding to
the captured image data (the image data of the first row), At
that time, the timing controller 1 also causes the source driv-
ers 3 to capture the image data of the second row.

[0048] Itshould be noted that the timing controller 1 sets a
blanking period (a period where no image data is input) after
input of the image data of a row and before input of the image
data of the next row. The timing controller 1 raises and falls
LP and subsequently raises and falls STH in each blanking
period (see FIG. 3).

[0049] The graphic controller 11 generates the image data
representing an image displayed on the respective liquid crys-
tal display panels 5 and inputs the image data generated for
the respective liquid crystal display panels 5 into the timing
controller 1. The timing controller 1 inputs the image data
generated for the respective liquid crystal display panels 5
into the source drivers 3 of the liquid crystal display panels
corresponding to the image data.

[0050] The graphic controller 11 generates the image data
representing an image displayed on the respective liquid crys-
tal display panels 5 such that various kinds of character infor-
mation or image information input from an external system
(not shown) are displayed at predetermined positions for
example. It should be noted that this image generation is one
example and that there is no particular limitation to how the
graphic controller 11 generates the image data representing
an image displayed on the respective liquid crystal display
panels 5. Explanation will be made about a case where the
image data representing a horizontally long image is input,
and the graphic controller 11 divides the image data in the
same number of sections as the number of the liquid crystal
display panels 5 (four in this case) to generate the image data
corresponding to the respective liquid crystal display panels
5. It should be noted that a horizontally long image may be
supplied to the liquid crystal display panels 5 without being
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divided since the plurality of liquid crystal display panels 5
are controlled by the single timing controller in the present
invention.

[0051] Now, the operation of the liquid crystal display
device will be described.

[0052] In this case, it is assumed that the image data repre-
senting a horizontally long image showing a displayed object
91 is input into the graphic controller 11. The graphic con-
troller 11 divides the image data to produce four divided
pieces of image data representing four divided images 95a to
954 and inputs the respective divided pieces of image data
into the timing controller 1.

[0053] In a frame showing the four divided images 95a to
95d, the timing controller 1 inputs the image 95a into the
respective source drivers 3 of the first liquid crystal display
panel 5 from the left, inputs the image 955 into the respective
source drivers 3 of the second liquid crystal display panel 5
from the left, inputs the image 95¢ into the respective source
drivers 3 of the third liquid crystal display panel 5 from the
left and inputs the image 954 into the respective source driv-
ers 3 of the fourth liquid crystal display panel 5 from the left.
The operation of the present invention will be described in
reference to this frame as an example.

[0054] The timing controller 1 periodically changes CLK
as shown in FIG. 4 and inputs CLK into the source drivers 3
of the respective liquid crystal display panels 5. In the frame
showing the respective images 95a to 954, the timing con-
troller 1 sets STH at a high level, to set CLK at a high level in
duration where STH is at a high level, and to set STH at a low
level for the source drivers 3 of the respective liquid crystal
display panels 5. As a result, the image data input from the
timing controller 1 are captured one pixel by one pixel into the
respective source drivers 3 at respective rising edges of CLK
including the next rising edge of CLK.

[0055] Inthattime, the timing controller 1 inputs the image
data of the first row and the column corresponding to the
source lines connected to the source drivers 3 into the respec-
tive source drivers 3 in duration where STH is at a low level.
It should be noted that the timing controller 1 inputs the image
data representing the first row of the image 95a into the
respective source drivers 3 of the first liquid crystal display
panel 5 from the left, inputs the image data representing the
first row of the image 955 into the respective source drivers 3
of the second liquid crystal display panel 5 from the left,
inputs the image data representing the first row of the image
95¢ into the respective source drivers 3 of the third liquid
crystal display panel 5 from the left and inputs the image data
representing the first row of the image 954 into the respective
source drivers 3 of the fourth liquid crystal display panel 5
from the left.

[0056] FIG. 51is a schematic diagram showing an example
of timing that image data is captured by the source drivers.
For example, image data that is located in a next selected row
and represents the respective pixels from the first column to
the m-th column from the left in each of the liquid crystal
display panels 5 is input into the first source driver 3 from the
left in each of the liquid crystal display panels 5 by the timing
controller 1.

[0057] Further, image data that is located in the next
selected row and represents the respective pixels from the
(m+1)-th column to the 2-m-th column from the left in each of
the liquid crystal display panels 5 is input into the second
source driver 3 from the left in each of the liquid crystal
display panels 5 by the timing controller 1.
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[0058] Further, the image data that is located in the next
selected row and represents the respective pixels from the
(2:m+1)-th column to the 3-m-th column from the left in the
liquid crystal display panels 5 is input into the third source
driver 3 from the left in each of the liquid crystal display
panels 5 by the timing controller 1.

[0059] Further, the image data that is located in the next
selected row and represents the respective pixels from the
(3:m+1)-th column to the 4-m-th column from the left in each
of the liquid crystal display panels 5 is input into the fourth
source driver 3 from the left in each of the liquid crystal
display panels 5 by the timing controller 1.

[0060] As shown in FIG. 4, the respective source drivers 3
captures the image data of one pixel input from the timing
controller 1 and holds the image data at respective rising
edges of CLK after lapse of duration where STH is at a high
level.

[0061] Thus, the four source drivers 3 in each of the liquid
crystal display panels 5 first hold the image data in the first
row and the first column, the image data in the first row and
the (m+1)-th column, the image data in the first row and the
(2'm+1)-th column and the image data in the first row and the
(3:m+1)-th column in a synchronized manner (see FIG. 5).
Subsequently, the four source drivers 3 in each of the liquid
crystal display panels 5 hold the image data in the first row
and the second column, the image data in the first row and the
(m+2)-th column, the image data in the first row and the
(2:m+2)-th column and the image data in the first row and the
(3:m+2)-th column in a synchronized manner. Thereafter, the
four source drivers 3 in each of the liquid crystal display
panels 5 likewise sequentially hold the image data of one
pixel by one pixel in a synchronized manner. Finally, the four
source drivers in each of the liquid crystal display panels hold
the image data in the first row and the m-th column, the image
data in the first row and the 2-m-th column, the image data in
the first row and the 3-m-th column and the image data in the
first row and the 4-m-th column in a synchronized manner in
a period before the next rising edge of STH.

[0062] When the timing controller 1 inputs STH and CLK
into the respective source drivers 3, the timing controller 1
inputs STH and CLK into the respective source drivers 3 in a
synchronized manner, respectively. Thus, the timing of the
rising edge of STH and the timing of the falling edge of STH
are common to the respective source drivers 3, and the timing
of the rising edge of CLK and the timing of the falling edge of
CLK are also common to the respective source drivers 3.
Likewise, the timing controller 1 inputs LP into the respective
source drivers 3 ina synchronized manner. In other words, the
timing of the rising edge of LP and the timing of the falling
edge of LP are common to the respective source drivers 3.
[0063] The timing controller 1 periodically changes CKV
as shown in FIG. 3 and inputs CKV into the gate drivers 2 of
the respective liquid crystal display panels 5. The timing
controller 1 causes the respective source drivers 3 to capture
the image data in the first row, followed by causing the gate
drivers 2 of the respective liquid crystal display panels 5 to set
STV at a high level, to set CKV at a high level in duration
where STV is atahigh level, and to set STV atalow level. The
timing controller 1 makes control such that the rising edge of
CKYV in duration where STV is at ahigh level is contained in
a blanking period.

[0064] When the timing controller 1 inputs STV and CKV
into the respective gate drivers 2, the timing controller 1
inputs STV and CKV into the respective gate drivers in a
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synchronized manner, respectively. Thus, the timing of the
rising edge of STV and the timing of the falling edge of STV
are common to the respective gate drivers 2, and the timing of
the rising edge of CKV and the timing of the falling edge of
CKYV are also common to the respective gate drivers 2.
[0065] When the respective gate drivers 2 detect a rising
edge of CKV in duration where STV is at ahigh level, the gate
drivers select the gate lines in the first row. In other words, the
gate lines in the first row are set at the selected-period poten-
tial while the gate lines in the other rows are set at the non-
selected-period potential. Since STV and CKV are input into
the respective gate drivers 2 in a synchronized manner, the
respective gate drivers 2 simultaneously select the gate lines
in the first row. It should be noted that a common signal may
be supplied to the respective gate drivers 2 since only the
single timing controller is disposed. It is possible to eliminate
the need to purposely realize synchronization between the
respective gate drivers by supply of a common signal.
[0066] Subsequently. the timing controller 1 causes LP
input into the respective source drivers 3 to set at a high level
and to return to a low level in a blanking period.

[0067] Furthermore, in a blanking period, the timing con-
troller 1 causes the respective source drivers 3 to set STH ata
high level, to set CLK at a high level in duration where STH
is at ahigh level, and to set STH at a low level. The control of
STH and CLK is the same as the control of STH and CLK at
a start of a frame.

[0068] When the respective source drivers 3 detect a falling
edge of a latch pulse, the respective source drivers set the
potentials of the respective source lines connected thereto at
potentials according to the image data of the respective pixels
held therein. At that time, the respective source drivers 3 set
the potentials of the respective source lines connected thereto
at potentials according to the image data in the first row. As a
result, the individual pixel electrodes in the first row are
respectively set at potentials according to the image data in
the first row that is the image data of pixels corresponding to
the individual pixel electrodes. In the respective liquid crystal
display panels 5, voltages are applied across portions of the
liquid crystal between the individual pixel electrodes in the
first row and the common electrode 30 (see FIG. 2) according
to the pixel data in the first row, resulting the respective liquid
crystal display panels 5 to display respective images 95a to
954 as the image in the first row.

[0069] After the timing controller 1 sets STH at a low level,
the timing controller inputs the image date in the second row
into the respective source drivers 3. When the respective
source drivers 3 detect a rising edge of CLK in duration where
STH is at a high level, whenever the respective source drivers
3 detect a rising edge of CLK after a rising edge of the next
CLK, the respective source drivers capture image data one
pixel by one pixel and hold the image data. At that time, the
respective source drivers capture the image data in the second
row one pixel by one pixel and hold the image data. The
operation of the respective source drivers 3 is the same as that
of the respective source drivers when the image data in the
first row is captured.

[0070] Then, after the timing controller 1 causes the respec-
tive source drivers 3 to capture the image data in the second
row, the timing controller causes the gate drivers 2 of the
respective liquid crystal display panels 5 to set STV at a high
level, to set CKV at a high level in duration where STV is at
a high level and to set SW at a low level. Thus, the respective
gate drivers 2 select the gate lines in the second row. It should
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be noted that the timing controller 1 makes control such that
the rising edge of CKV in duration where STV is at a high
level is contained in a blanking period.

[0071] Subsequently, in a blanking period, the timing con-
troller 1 sets LP input into the respective source drivers 3 at a
high level and returns LP to a low level. When the respective
source drivers 3 detect a falling edge of a latch pulse, the
respective source drivers set the potentials of the respective
source lines connected thereto at potentials according to the
image data of the respective pixels held therein.

[0072] As aresult, the respective liquid crystal display pan-
els 5 display portions of the respective images 95a to 954 in
the second row.

[0073] Furthermore, in a planking period, the timing con-
troller 1 sets STH at a high level, sets CLK at a high level in
duration where STH is at a high level and returns STH to alow
level for the respective source drivers 3.

[0074] Thereafter, the respective pixel electrodes in the
respective rows are set at the potentials according to the image
data corresponding to the respective pixel electrodes by
repeating similar operation. When the selection period for the
lastrow ends, the respective liquid crystal display panels 5 are
placed in a state that the image 95« to the image 954 are
displayed.

[0075] A user can grasp the entire image of the displayed
object 91 by watching the four liquid crystal display panels 5.
[0076] Although explanation has been made about the case
where the single displayed object 91 is displayed as a whole
on the plurality of liquid crystal display panels 5, the respec-
tive liquid crystal display panels 5 may individually display
different contents.

[0077] In accordance with the present invention, the
respective gate drivers 2 and the respective source drivers 3
disposed on the plurality of liquid crystal display panels 5 are
connected to the single timing controller 1, and the single
timing controller 1 controls the respective gate drivers 2 and
the respective source drivers 3. Accordingly, it is possible to
reduce the production cost since the control of the respective
liquid crystal display panels 5 by the single timing controller
1 can reduce the number of the timing controller 1.

[0078] Itisalso possible to perform synchronized operation
among the gate drivers 2 of the liquid crystal display panels 5
and among the source drivers 3 of the liquid crystal display
panels 5 since the single timing controller 1 controls the
respective gate drivers 2 and the respective source drivers 3.
In other words, it is possible to perform synchronized opera-
tion in each of a combination of the liquid crystal display
panels 5, a combination of the gate drivers 2 and a combina-
tion of the source drivers 3.

[0079] By adopting a point-to-point system as the connec-
tion method between the timing controller 1 and the respec-
tive source drivers 3, it is sufficient that the number of signal
lines required between a source driver 1 and the timing con-
troller 1 is two. Thus, it is possible to reduce the number of the
required signal lines.

[0080] Although FIG. 1 shows a case where the graphic
controller 11 and the timing controller 1 are independently
disposed, the graphic controller 11 and the timing controller
1 may be realized in the form of a single IC (Integrated
Circuit). For example, the timing controller 1 may be incor-
porated into an IC performing as the graphic controller 11.
[0081] Therespective liquid crystal display panels 5, which
are disposed in a row in a lateral direction, may be configured
so as to be disposed such that the angle formed by adjacent

Mar. 6, 2014

liquid crystal display panels 5 is 180 degrees. Or, the respec-
tive liquid crystal display panels 5 may be configured so as to
be disposed such that the angle formed by adjacent liquid
crystal display panels 5 is less than 180 degrees. FIG. 6 is atop
plan view showing a plurality of liquid crystal display panels
5 in a case where the liquid crystal display panels 5 are
disposed such that the angle formed by the display screens of
adjacent liquid crystal display panels 5 is less than 180
degrees. In FIG. 6, 0 represents the angle formed by the
display screens Sa of adjacent liquid crystal display panels 5.
The screen realized by the entire liquid crystal display panels
5 can be regarded as having a curved face by disposing the
liquid crystal display panels 5 such that the angle 6 formed by
the display screens 5a of adjacent liquid crystal display pan-
els 5 is less than 180 degrees as shown in FIG. 6.

[0082] Now, explanation will be made about a preferred
example where the respective liquid crystal display panels 5
are disposed such that the angle formed by the display screens
of adjacent liquid crystal display panels 5 is less than 180
degrees as a modified embodiment of the present invention.
FIG. 7 is a block diagram showing such a preferred example.
In this figure, the constituent elements identical to the con-
stituent elements shown in FIG. 1 are denoted by the same
reference numerals as those in FI1G. 1, and the explanation for
these constituent elements will be omitted.

[0083] The liquid crystal display panels 5 shown in FIG. 7
are disposed such that the angle 8 formed by the display
screens 5a of adjacent liquid crystal display panels 5 is less
than 180 degrees as shown in FIG. 6. When a single liquid
crystal display panel 5 has such a large width that it is required
to be driven by a plurality of source drivers 3, it is difficult for
the entire screen formed by combining the respective liquid
crystal display parels 5 to be regarded as having a curved face
because each liquid crystal display panel has a wide flat
portion. For this reason, in this modified example, it is pre-
ferred that each liquid crystal display panel have a width
enough to be driven by a single source driver 3. FIG. 7
exemplifies a case where a single source driver 3 is disposed
for each liquid crystal display panel 5.

[0084] A single source driver 3 corresponding to a single
liquid crystal display panel 5 is connected to the respective
source lines of the single liquid crystal display panel 5. For
this reason, each of the source drivers 3 shown in FIG. 7 reads
image data of the respective pixels in one row in duration
from a falling edge to a rising edge of STH (see FIG. 3) and
sets the potentials of the respective source lines according to
the potentials corresponding to the image data in the selection
period thereafter. As described above, the source drivers 3
shown in FIG. 7 are different from the source drivers in the
configuration shown in FIG. 1 in that the source driver of each
liquid crystal display panel 5 is connected to the respective
source lines of the liquid crystal display panel 5 and sets the
respective source lines at the potentials, The source drivers 3
shown in FIG. 7 otherwise are the same as those in the con-
figuration shown in FIG. 1.

[0085] Theoperation of the gate drivers 2 and the operation
of the timing controller 1 for controlling the respective gate
drivers 2 and the respective source drivers 3 are also the same
as those of the gate drivers 2 and the timing controller 1inthe
configuration shown in FIG. 1. The operation of the graphic
controller 11 is also the same as that of the graphic controller
11 in the configuration shown in FIG. 1.

[0086] The timing controller 1 may be connected to the
respective source drivers 3 by a point-to-point system.
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[0087] In order to reduce the number of signal lines
required for connection with the gate drivers 2 such that a
module containing a liquid crystal display panel 5, a gate
driver 2 and a source driver 3 can have a narrow width, each
of the gate drivers 2 may be configured as a panel-built-in gate
driver.

[0088] FIG. 8 shows a configuration example where panel-
build-in gate drivers are used. In this figure, the constituent
elements identical to the constituent elements shown in FIG.
7 are denoted by the same reference numerals as those in FIG.
7, and the explanation of these constituent elements will be
omitted.

[0089] The configuration shown in FIG. 8 is different from
the configuration shown in FIG. 7 in that the respective liquid
crystal display panels 5 have built-in gate drivers 2a, instead
of the gate drivers 2 shown in FIG. 7, disposed therein as the
gate drivers corresponding to the respective liquid crystal
display panels 5.

[0090] Thebuilt-in gate drivers 2a perform the same opera-
tion as that of the gate drivers 2 and line-sequentially select
the gate lines of the liquid crystal display panels 5 under the
control of the timing controller 1. FIG. 9 is a schematic
diagram showing a configuration example of a built-in gate
driver. The built-in gate driver 2« includes a shift register 41
and an output switch (buffer) 42.

[0091] The shift register 41 includes signal output parts
SR1 to SR480 for outputting a signal indicating selection.
Explanation will be made about a case where the number of
gate lines is 480. In this case, the shift register 41 receives
STV and CKV as input (see FIG. 3). When the shift register
41 detects a rising edge of CKV in duration where STV is at
a high level, the shift register outputs a signal indicating
selection from a signal output part SR1. After that, whenever
the shift register 41 detects a rising edge of SKV, the shift
register sequentially outputs signals indicating selection,
switching the signal output parts from one to another. In other
words, when the shift register detects a rising edge of CKV in
duration where STV is at a high level, the shift register out-
puts a signal indicating selection from the signal output part
SR1, followed by sequentially outputting signals indicating
selection from the signal output parts SR2, SR3, ..., SR480
in this order whenever the shift register detects a rising edge
of CKV.

[0092] Theoutput switch 42 includes potential output parts
01 to 0480 corresponding to the signal output parts SR1 to
SR480 in a one-to-one relationship. The potential output parts
01 to 0480 are connected to the 480 gate lines of the liquid
crystal display panels 5 (not shown in F1G. 9) in a one-to-one
relationship. The output switch 42 receives a selected-period
potential VGH and a non-selected-period potential VGL as
inputs from an external power supply (not shown). When each
of the potential output parts O1 to 0480 receives a signal
indicating selection as input from their corresponding signal
output part, the potential of their corresponding gate line is set
at the selected-period potential VGH. When no signal indi-
cating selection is input, the potential of their corresponding
gate line is set at the non-selected-period potential VGL.

[0093] Such arrangement allows the built-in gate driver 2a
to sequentially select the respective gate lines. Since it is
possible to minimize the number of the wires required for
inputting a signal or potential into the built-in gate driver 2a in
the arrangement shown in FIG. 9, it is possible to reduce the
width of the respective modules, each of which includes a

Mar. 6, 2014

source driver 3 and a liquid crystal display panels 5 contain-
ing an built-in gate driver 2a (see FIG. 8).

[0094] In the configurations shown in FIGS. 7 and 8, the
respective liquid crystal display panels 5 are disposed such
that the angle 6 formed by the display screens of adjacent
liquid crystal display panels 5 is less than 180 degrees (see
FIG. 6). Thus, the screen realized by the entire liquid crystal
display panels 5 can be regarded as being a curved face by a
user.

[0095] By adjusting the angle 0 (see FIG. 6), the radius of
curvature of the curved face can be set as desired.

[0096] In particular, when the liquid crystal display panels
5 are configured to be driven by use of a single source driver,
the horizontal width of the liquid crystal display panels 5 can
be made narrower, resulting the screen formed by the entire
liquid crystal display panels 5 to look more like a curved face.

[0097] When the gate drivers are configured by employing
built-in gate drivers 2a including a shift register 41 and an
output switch 42, it is possible to minimize the number of the
wires required for the built-in gate drivers 2a, resulting the
horizontal width of each liquid crystal display panels 5 to be
made narrower. Thus, the screen formed by the entire liquid
crystal display panels 5 can look more like a curved face. It is
also possible to improve the degree of freedom in the curva-
ture of the curved face.

[0098] In the liquid crystal display device shown in FIG.
10, it is possible to make the screen of the liquid crystal
display panel 65 a curved face by forming the glass substrate
of the liquid crystal display panel 65 in a thin shape and
mechanically curving the glass substrate. Or, it is possible to
make the liquid crystal display panel 65 bendable by dispos-
ing TFTs on a film when producing the liquid crystal display
panel 65 shown in FIG. 10. It is, however, difficult to uni-
formly control the cell gap when an attempt is made to realize
a curved face by mechanically bending the liquid crystal
display panel as described above. Further, when the glass
substrate is formed in a thin shape so as to be bendable, the
polarizers are made thicker than the glass substrate with the
result that it is impossible to secure a constant curvature
because there is a difference in the degree of shrinkage
between the polarizers and the glass substrate with respect to
a change in temperature. Furthermore, there is a limitation to
mechanical bending ofa liquid crystal display panel to which
the COG technique is applicable.

[0099] As described above, various problems are caused
when an attempt is made to realize a curved face by mechani-
cally bending a liquid crystal display panel itself. To the
contrary, in the embodiments of the present invention exem-
plified in FIGS. 7 and 8, a user apparently observes a curved
screen by disposing the respective liquid crystal display pan-
els 5 such that the angle 0 formed by the display screens 5a of
adjacent liquid crystal display panels 5 is less than 180
degrees (see F1G. 6). Thus, the liquid crystal display device
according to the present invention is free from such problems
unlike a case where a liquid crystal display panel is mechani-
cally bent. Accordingly, the present invention can realize a
liquid crystal display device which is highly reliable and
excellent in yield and production cost.

[0100] Although the above explanation has been made in
about a case where liquid crystal display panels 5 with TFTs
are employed, the respective liquid crystal display panels 5
disposed in a row may be ones driven by a transverse electric
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field. The respective liquid crystal display panels 5 may be
disposed not only in a lateral direction but also in a vertical
direction.

INDUSTRIAL APPLICABILITY

[0101] The liquid crystal display device according to the
present invention is available in e.g. a case where a screen
having a wide width in a horizontal direction can be observed
by a user. For example, the liquid crystal display device
according to the present invention can be applicable to, e.g., a
case where a screen having a width substantially equal to the
windshield of a vehicle is realized in a lower part or in the
vicinity of a lower part of the windshield such that a user can
observe an image on the screen.

[0102] This application is a continuation of PCT Applica-
tion No. PCT/IP2012/061684, filed on May 7, 2012, which is
based upon and claims the benefit of priority from Japanese
Patent Application No. 2011-106639 filed on May 11, 2011.
The contents of those applications are incorporated herein by
reference in its entirety.

What is claimed is:

1. A liquid crystal display device comprising:

aplurality of liquid crystal display panels including source
lines disposed along columns of pixels arranged in a
matrix pattern and gate lines disposed along rows of the
pixels arranged in the matrix pattern;

the plurality of liquid crystal display panels being disposed
in a row in one direction;

each of the liquid crystal display panels including a gate
driver for selecting respective gate lines and at least one
source driver for setting the potentials of the respective
source lines; and

asingle timing controller for controlling the respective gate
drivers and the respective source drivers corresponding
to the plurality of liquid crystal display panels.
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2. The liquid crystal display device according to claim 1,
wherein the timing controller is connected to the respective
source drivers via independent signal lines.

3. The liquid crystal display device according to claim 1,
wherein the plurality of liquid crystal display panels are con-
figured so as to be disposed such that the angle formed by
adjacent liquid crystal display panels is less than 180 degrees.

4. The liquid crystal display device according to claim 2,
wherein the plurality of liquid crystal display panels are con-
figured so as to be disposed such that the angle formed by
adjacent liquid crystal display panels is less than 180 degrees.

5. The liquid crystal display device according to claim 3,
wherein each of the liquid crystal display panels includes a
single source driver.

6. The liquid crystal display device according to claim 4,
wherein each of the liquid crystal display panels includes a
single source driver.

7. The liquid crystal display device according to claim 3,
wherein the gate driver disposed for each of the liquid crystal
display panels comprises a built-in gate driver, which is dis-
posed in each of the liquid crystal display panels and which
includes a shift register and an output switch.

8. The liquid crystal display device according to claim 4,
wherein the gate driver disposed for each of the liquid crystal
display panels comprises a built-in gate driver, which is dis-
posed in each of the liquid crystal display panels and which
includes a shift register and an output switch.

8. The liquid crystal display device according to claim 5,
wherein the gate driver disposed for each of the liquid crystal
display panels comprises a built-in gate driver, which is dis-
posed in each of the liquid crystal display panels and which
includes a shift register and an output switch.

10. The liquid crystal display device according to claim 6,
wherein the gate driver disposed for each of the liquid crystal
display panels comprises a built-in gate driver, which is dis-
posed in each of the liquid crystal display panels and which
includes a shift register and an output switch.
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