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(57) ABSTRACT

The present invention provides a liquid crystal display device
for displaying a desired image by a display unit, the display
unit being formed by sandwiching a liquid crystal layer
between a thin film transistor substrate and a CF substrate and
arranging liquid crystal cells formed by the liquid crystal
layer in a form of a matrix, wherein the thin film transistor
substrate is created by disposing at least a transistor used to
drive a liquid crystal cell and a pixel electrode of the liquid
crystal cell on an insulating substrate, and a part or all of a
storage capacitor of an adjacent liquid crystal cell is created in
a layer below the pixel electrode with a shield layer inter-
posed between the pixel electrode and the storage capacitor.
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LIQUID CRYSTAL DISPLAY DEVICE AND
IMAGE DISPLAYING METHOD OF LIQUID
CRYSTAL DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

The present invention contains subject matter related to
Japanese Patent Application JP 2007-267376 and JP 2007-
267378, filed in the Japan Patent Office on Oct. 15,2007, the
entire contents of which being incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and an image displaying method of the liquid crystal
display device, and is for example applicable to a liquid
crystal display device that switches operation between an
analog driving system and a memory system. The present
invention makes it possible to secure a necessary storage
capacitor sufficiently even when an area in which the storage
capacitor can be disposed is small, by creating the storage
capacitor of an adjacent liquid crystal cell in a layer below a
pixel electrode with a shield layer interposed between the
storage capacitor and the pixel electrode, or by creating the
storage capacitor of a liquid crystal cell in a layer below a
pixel electrode by laminating counter electrodes in three lay-
ers or more. In addition, the present invention relates to a
liquid crystal display device, and is particularly applicable to
aliquid crystal display device based on a so-called intra-pixel
selector system.

The present invention prevents application of a direct-cur-
rent electric field to a liquid crystal between a plurality of
liquid crystal cells assigned to one selector by the intra-pixel
selector system, by making a setting so as to increase a capaci-
tance between the pixel electrode of a liquid crystal cell to
which a pixel electrode potential is set later among the plu-
rality of liquid crystal cells assigned to the one selector and a
scanning line for a corresponding gate signal.

2. Description of the Related Art

In related art, the display unit of a liquid crystal display
device is formed by arranging pixels formed by liquid crystal
cells in the form of a matrix. In the liquid crystal display
device, each liquid crystal cell is provided with a TFT (Thin
Film Transistor) used to drive the liquid crystal cell. A hori-
zontal driving unit and a vertical driving unit arranged on the
periphery of the display unit control the operation of this TFT
to display a desired image on the display unit. In related art,
the liquid crystal display device is created by sandwiching a
liquid crystal layer between a TFT substrate having the TFT
disposed thereon and a CF (Color Filter) substrate having a
color filter disposed thereon. The liquid crystal cells are
arranged in the form of a matrix according to a layout of the
TFT substrate and the CF substrate, and the horizontal driving
unit and the vertical driving unit are arranged on the periphery
of the display unit on the TFT substrate.

FIG. 19 is a plan view of the layout of the TFT substrate.
The TFT substrate 1 and the CF substrate of the liquid crystal
display device are laid out such that the liquid crystal cells are
respectively formed in rectangular areas AR2. In addition, in
the TFT substrate 1, for example, areas AR3 at corner parts of
the respective rectangular areas AR2 are assigned as areas for
disposing TFTs, and a storage capacitor Cs for supplying a
lack of capacitance of each liquid crystal cell is provided in all
or a part of a remaining area of each rectangular area AR2.

15
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As shown in FIG. 20, in the TFT substrate 1, a TFT is
created by forming a gate layer 5 and the like on a transparent
insulating substrate 4 of glass or the like, and thereafter an
insulting film 6 is created. Next, in the TFT substrate 1, the
TFT is wired by creating a wiring layer 7 of polysilicon. Next,
an insulating film 8 is created, and thereafter a wiring layer 9
of'aluminum or the like is created. Next, an insulating layer 10
is created, and thereafter a pixel electrode 11 is created. The
pixel electrode 11 is connected to the TFT by the wiring layer
9 below the pixel electrode 11. The TFT substrate 1 has an
alignment layer not shown in the figure created on the pixel
electrode 11. Incidentally, in a case of an ISP mode or the like,
the TFT substrate 1 has a common electrode disposed in a
layer below the pixel electrode 11.

As shown in FIG. 21, in related art, in the TFT substrate 1,
counter electrodes forming a storage capacitor Cs are respec-
tively created by the gate layer 5 and the wiring layer 7. The
counter electrode on the wiring layer 7 side is connected to the
pixel electrode 11. The electrode on the gate layer 5 side of the
storage capacitor Cs is supplied with a driving signal CS
involved in a precharge process, and maintained at the poten-
tial of the driving signal CS.

In related art, the liquid crystal display device sequentially
changes the voltage of a signal line disposed in the display
unit to a gradation voltage indicating the gradation of each
pixel, and sequentially sets the voltage of each pixel electrode
11 to the voltage of the signal line by controlling the TFT of
each liquid crystal cell in such a manner as to be interlocked
with the changing of the voltage of the signal line. The liquid
crystal display device thereby sets the gradation of each pixel.
Incidentally, this driving system will hereinafter be referred
to as an analog driving system.

In regard to such a liquid crystal display device, Japanese
Patent Laid-Open No. Hei 9-243995 discloses a constitution
in which a memory unit is provided for each pixel and each
pixel is driven according to a recording of the memory unit.
This system will hereinafter be referred to as a memory sys-
tem. This memory system makes it possible to omit a grada-
tion setting process for each pixel once the gradation of each
pixel is set, and can thus reduce power consumption.

Itis considered that in a liquid crystal display device based
on the memory system, when a plurality of pixels share a
memory, the number of memories of the liquid crystal display
device as a whole can be reduced, and the constitution of the
liquid crystal display device as a whole can be simplified.
However, when a plurality of pixels share a memory, an
imbalance occurs between the plurality of pixels in the layout
of'a TFT substrate, and an area in which a storage capacitor
can be created in a particular pixel is reduced. Consequently,
the liquid crystal display device has a problem in that it is
difficult to provide a sufficient opening and secure a storage
capacitor necessary in the particular pixel.

Besides, in the liquid crystal display device, a spacer is
disposed at a predetermined pixel pitch, and a gap between
the TFT substrate and a CF substrate is secured by this spacer.
Hence, in the liquid crystal display device, an imbalance also
occurs in the layout of the TFT substrate due to the disposition
of'the spacer, and an area in which a storage capacitor can be
created in a particular pixel having the spacer disposed
therein is reduced. Consequently, in this case, the liquid crys-
tal display device has a problem in that it is difficult to provide
a sufficient opening and secure a storage capacitor necessary
in the particular pixel due to an increase in resolution or the
like.

As a method for solving this problem, the storage capaci-
tors of these particular pixels may be created in an adjacent
pixel, so that the layout of storage capacitors is made unbal-
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anced with respect to the arrangement of consecutive pixels.
However, in this case, as shown in FIG. 22, a wiring layer 7 in
a layer below a pixel electrode 11 in a pixel in question is
maintained at the pixel potential of the adjacent pixel. Capaci-
tive coupling between the pixel electrode 11 and the wiring
layer 7 changes the pixel potential of the pixel in question, so
that a correct gradation cannot be displayed.

Further, in the first place, an area where a storage capacitor
can be disposed in each pixel is reduced due to an increase in
resolution of the liquid crystal display device even when such
an imbalance in the layout of the TFT substrate does not
occur. In this case, it is difficult to secure a necessary storage
capacitor in all pixels.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
points. Itis desirable to propose a liquid crystal display device
and an image displaying method of the liquid crystal display
device that can secure a necessary storage capacitor suffi-
ciently even when an area where the storage capacitor can be
disposed is small. It is also desirable to propose a liquid
crystal display device that can prevent application of a direct-
current electric field to a liquid crystal when each liquid
crystal cell is driven by an intra-pixel selector system.

According to a first embodiment of the present invention,
there is provided a liquid crystal display device for displaying
a desired image by a display unit, the display unit being
formed by sandwiching a liquid crystal layer between a TFT
substrate and a CF substrate and arranging liquid crystal cells
formed by the liquid crystal layer in a form of a matrix,
wherein the TFT substrate is created by disposing at least a
transistor used to drive a liquid crystal cell and a pixel elec-
trode of the liquid crystal cell on an insulating substrate, and
apart or all of a storage capacitor of an adjacent liquid crystal
cellis created in a layer below the pixel electrode with a shield
layer interposed between the pixel electrode and the storage
capacitor.

According to a second embodiment of the present inven-
tion, there is provided a liquid crystal display device for
displaying a desired image by a display unit, the display unit
being formed by sandwiching a liquid crystal layer between a
TFT substrate and a CF substrate and arranging liquid crystal
cells formed by the liquid crystal layer in a form of a matrix,
wherein the TFT substrate is created by disposing at least a
transistor used to drive a liquid crystal cell and a pixel elec-
trode of the liquid crystal cell on an insulating substrate, and
a storage capacitor of the liquid crystal cell is created by a first
counter electrode, a second counter electrode connected to
the pixel electrode, and a third counter electrode connected to
the first counter electrode in a layer below the pixel electrode.

According to a third embodiment of the present invention,
there is provided an image displaying method of a liquid
crystal display device for displaying a desired image by a
display unit, the display unit being formed by sandwiching a
liquid crystal layer between a TFT substrate and a CF sub-
strate and arranging liquid crystal cells formed by the liquid
crystal layer in a form of a matrix, the image displaying
method including the steps of: forming the TFT substrate by
disposing at least a transistor used to drive a liquid crystal cell
and a pixel electrode of the liquid crystal cell on an insulating
substrate; and creating a part or all of a storage capacitor of an
adjacent liquid crystal cell in a layer below the pixel electrode
with a shield layer interposed between the pixel electrode and
the storage capacitor.

According to a fourth embodiment ofthe present invention,
there is provided an image displaying method of a liquid
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crystal display device for displaying a desired image by a
display unit, the display unit being formed by sandwiching a
liquid crystal layer between a TFT substrate and a CF sub-
strate and arranging liquid crystal cells formed by the liquid
crystal layer in a form of a matrix, the image displaying
method including the steps of: forming the TFT substrate by
disposing at least a transistor used to drive a liquid crystal cell
and a pixel electrode of the liquid crystal cell on an insulating
substrate; and creating a storage capacitor of the liquid crystal
cell by a first counter electrode, a second counter electrode
connected to the pixel electrode, and a third counter electrode
connected to the first counter electrode in a layer below the
pixel electrode.

According to a fifth embodiment of the present invention,
there is provided a liquid crystal display device for displaying
a desired image by a display unit formed by sequentially
arranging a basic unit, wherein the basic unit includes a
plurality of liquid crystal cells and a selector for sequentially
setting gradations of the plurality of liquid crystal cells by
sequentially setting pixel electrodes of the plurality of liquid
crystal cells to a setting of a signal line by a transistor per-
forming on-off operation according to a gate signal, and a
setting is made so as to increase a capacitance between the
pixel electrode of a liquid crystal cell to which a gradation is
set later among the plurality of liquid crystal cells and a
scanning line for the corresponding gate signal.

According to the constitution of the first embodiment or the
third embodiment of the present invention, the storage capaci-
tor of the adjacent liquid crystal cell can be disposed in a layer
below the pixel electrode while effectively avoiding effect of
pixel potential of the adjacent liquid crystal cell by the shield
layer. Hence, when an area where a storage capacitor can be
disposed in a particular liquid crystal cell is small due to an
imbalance in layout or the like, a necessary storage capacitor
can be secured by disposing the storage capacitor of the
particular liquid crystal cell in an adjacent liquid crystal cell.

In addition, according to the constitution of the second
embodiment or the fourth embodiment of the present inven-
tion, a storage capacitor having a large capacitance can be
created in a small area by laminating the counter electrodes.
Hence, when an area where a storage capacitor can be dis-
posed is small in all pixels due to an increase in resolution, for
example, a necessary storage capacitor can be secured.

In addition, according to the constitution of the fifth
embodiment of the present invention, by increasing a capaci-
tance between the pixel electrode of a liquid crystal cell to
which a gradation is set later and whose change in pixel
electrode voltage due to gate coupling is small and the scan-
ning line for the corresponding gate signal, the change in pixel
electrode voltage due to the gate coupling can be increased. It
is thus possible to reduce differences between changes in
voltage of pixel electrodes in a plurality of liquid crystal cells
assigned to one selector, and prevent application of a direct-
current electric field to a liquid crystal in the plurality of liquid
crystal cells.

According to the present invention, it is possible to secure
a necessary storage capacitor sufficiently even when an area
in which the storage capacitor can be disposed is small. In
addition, according to the present invention, it is possible to
prevent application of a direct-current electric field to a liquid
crystal when each liquid crystal cell is driven by an intra-pixel
selector system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a constitution of a TFT sub-
strate in a liquid crystal display device according to a first
embodiment of the present invention;
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FIG. 2 is a block diagram showing the liquid crystal display
device according to the first embodiment of the present inven-
tion;

FIG. 3 is a connection diagram showing a basic unit of the
liquid crystal display device of FIG. 2;

FIGS. 4A, 4B1, 4B2,4B3, 4C1,4C2, 4C3, 4D, 4E, and 4F
are time charts of assistance in explaining operation of the
basic unit of FIG. 3;

FIG. 5 is a connection diagram of assistance in explaining
operation of the basic unit of FIG. 3 by an analog driving
system;

FIGS. 6A, 6B1, 6B2, 6B3, 6C1, 6C2, 6C3, 6D, 6E, and 6F
aretime charts of assistance in explaining setting of a memory
unit in the basic unit of FIG. 3;

FIG. 7 is a connection diagram of assistance in explaining
the setting of the memory unit in the basic unit of FIG. 3;

FIGS. 8A, 8B, 8C1, 8C2, 8C3, 8D1, 8D2, 8D3, 8E, 8F, and
8G are time charts of assistance in explaining operation of the
basic unit of FIG. 3 by a memory system;

FIG. 9 is a connection diagram of assistance in explaining
the operation of the basic unit of FIG. 3 by the memory
system;

FIGS. 10A and 10B are diagrams of assistance in explain-
ing a layout of the TFT substrate in the liquid crystal display
device of FIG. 2;

FIG. 11 is a block diagram showing a liquid crystal display
device according to a second embodiment of the present
invention;

FIG. 12 is a connection diagram showing a basic unit of the
liquid crystal display device of FIG. 11;

FIG. 13 is a connection diagram of assistance in explaining
operation of a sensor unit in the basic unit of FIG. 12;

FIGS. 14A, 14B, 14C, and 14D are time charts of assis-
tance in explaining the operation of the sensor unitin the basic
unit of FIG. 12;

FIGS. 15A1, 15B1, 15A2, 15B2, and 15C are time charts
of assistance in explaining operation of basic units in the
liquid crystal display device of FIG. 11;

FIG. 16 is a plan view of a layout of a TFT substrate in the
liquid crystal display device of FIG. 11;

FIG. 17 is a plan view of a layout of a TFT substrate in a
liquid crystal display device according to a third embodiment
of the present invention;

FIG. 18 is a sectional view of the TFT substrate of FIG. 17,

FIG. 19 is a plan view of a layout of a TFT substrate in a
existing liquid crystal display device;

FIG. 20 is a sectional view of the TFT substrate of FIG. 19;

FIG. 21 is a sectional view of an auxiliary electrode;

FIG. 22 is a sectional view of assistance in explaining
effect of coupling with a pixel electrode;

FIG. 23 is a connection diagram showing a basic unit of a
liquid crystal display device according to a sixth embodiment
of the present invention;

FIG. 24 is a block diagram showing the liquid crystal
display device according to the sixth embodiment of the
present invention;

FIGS. 25A, 25B1, 25B2, 25B3, 25C1, 25C2, and 25C3 are
time charts of assistance in explaining operation of the basic
unit of FIG. 23;

FIG. 26 is a plan view of a layout of the basic unit of FIG.
23,

FIG. 27 is a plan view of a layout of a basic unit of a liquid
crystal display device according to a seventh embodiment of
the present invention;

FIG. 28 is a plan view of a layout of a basic unit of a liquid
crystal display device according to an eighth embodiment of
the present invention;
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FIGS. 29A, 29B1, 29B2, 29B3, 29C1, 29C2, and 29C3 are
time charts of assistance in explaining effects of gate coupling
in a liquid crystal display device according to a ninth embodi-
ment of the present invention;

FIGS. 30A, 30B1, 30B2, 30B3, 30C1, 30C2, and 30C3 are
time charts of assistance in explaining effects of gate coupling
in an example different from FIGS. 29A to 29C3;

FIG. 31 is a connection diagram of assistance in explaining
effects of gate coupling in the liquid crystal display device
according to the ninth embodiment of the present invention;

FIG. 32 is a block diagram showing a liquid crystal display
device according to a tenth embodiment of the present inven-
tion;

FIG. 33 is a connection diagram showing a basic unit in the
liquid crystal display device according to the tenth embodi-
ment of the present invention;

FIGS. 34A, 34B1, 34B2, 34B3, 34C1, 34C2, 34C3, 34D,
34E, and 34F are time charts of assistance in explaining
operation of the basic unit of FIG. 33 in the analog driving
system;

FIG. 35 is a connection diagram of assistance in explaining
the operation of the basic unit of FIG. 33 in the analog driving
system;

FIGS. 36A, 36B1, 36B2, 36B3, 36C1, 36C2, 36C3, 36D,
36E, and 36F are time charts of assistance in explaining
operation at a time of setting of a memory unit in the basic unit
of FIG. 33;

FIG. 37 is a connection diagram of assistance in explaining
the operation at the time of setting of the memory unit in the
basic unit of FIG. 33;

FIGS. 38A, 38B, 38C1, 38C2, 38C3, 38D1, 38D2, 38D3,
38E, 38F, and 38G are time charts of assistance in explaining
operation of the basic unit of FIG. 33 by the memory system;

FIG. 39 is a connection diagram of assistance in explaining
the operation of the basic unit of FIG. 33 by the memory
system;

FIG. 40 is a connection diagram showing a basic unit of a
liquid crystal display device based on an intra-pixel selector
system;

FIGS. 41A, 41B1, 41B2, 41B3, 41C1, 41C2, and 41C3 are
time charts of assistance in explaining operation of the basic
unit of FIG. 40;

FIG. 42 is a connection diagram of assistance in explaining
parasitic capacitances in the basic unit of FIG. 40; and

FIGS. 43A, 43B1, 43B2, 43B3, 43C1, 43C2, and 43C3 are
time charts of assistance in explaining gate coupling in the
basic unit of FIG. 40.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will here-
inafter be described in detail referring to the drawings as
appropriate.

First Embodiment
(1) Constitution of Embodiment

FIG. 2 is a block diagram showing a liquid crystal display
device according to a first embodiment of the present inven-
tion. This liquid crystal display device 18 for example dis-
plays a moving image or a still image based on video data
output from a tuner unit, an external device or the like not
shown in the figure on a display unit 13 by an analog driving
system, and displays various menu images and the like on the
display unit 13 by a memory system.
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In this liquid crystal display device 18, an interface (I/F) 12
is supplied with image data SDI formed by serial data sequen-
tially indicating the gradation of each pixel and various tim-
ing signals synchronized with the image data SDI. Inciden-
tally, the image data SDI is image data to be displayed on the
display unit 13 by the analog driving system. In addition, the
interface 12 is supplied from a controller 14 with binary
image data DV to be displayed on the display unit 13 by the
memory system. The interface 12 outputs the image data SDI
and DV and the various timing signals input to the interface
12 to respective parts under control of the controller 14.

A timing generator (TG) 16 under control of the controller
14 generates various timing signals necessary for the memory
system and the analog driving system, and then outputs the
various timing signals to a horizontal driving unit 15 and a
vertical driving unit 17. The timing generator 16 also gener-
ates a driving power VCOM for a common electrode of liquid
crystal cells, and then outputs the driving power VCOM
(Common Voltage) to the display unit 13. Incidentally, the
display unit 13 in the present embodiment may be a reflective
type, a transmissive type, or a combined type of a reflective
type and a transmissive type.

The horizontal driving unit 15 switches operation between
the analog driving system and the memory system under
control of the controller 14. In the analog driving system, the
horizontal driving unit 15 sequentially distributes the image
data SDI input from the interface 12 to each signal line SIG,
subjects the image data SDI to digital-to-analog conversion
processing, and generates a driving signal Ssig for each signal
line SIG on the basis of field reversal, frame reversal, line
reversal, or the like. The horizontal driving unit 15 in the
analog driving system outputs the driving signal Ssig to each
signal line SIG of the display unit 13.

The horizontal driving unit 15 in the memory system out-
puts a driving signal Sdv corresponding to the logical value of
the binary image data DV output from the controller 14 to a
corresponding signal line SIG, and thereafter outputs a pre-
determined driving signal XCS to the signal line.

The vertical driving unit 17 switches operation between the
analog driving system and the memory system under control
of the controller 14. The vertical driving unit 17 outputs a
predetermined driving signal to a scanning line of the display
unit 13.

The display unit 13 operates according to the various sig-
nals output from the horizontal driving unit 15 and the vertical
driving unit 17 to display an image based on the image data
SDI or DV. FIG. 3 is a connection diagram showing a basic
unit of the display unit 13. The basic unit 21 is a constituent
element of the display unit 13. The basic unit 21 in the present
embodiment includes liquid crystal cells 22R, 22G, and 22B
of red, green, and blue, and a peripheral circuit of the liquid
crystal cells 22R, 22G, and 22B. In the display unit 13, basic
units 21 as shown in FIG. 3 are arranged in the form of a
matrix in a TFT substrate, and liquid crystal cells 22R, 22G,
and 22B of red, green, and blue respectively forming red,
green, and blue pixels are arranged in the form of a matrix,
such that these liquid crystal cells 22R, 22G, and 22B con-
tinue sequentially and cyclically.

Storage capacitors CsR, CsG, and CsB of these liquid
crystal cells 22R, 22G, and 22B of red, green, and blue in the
basic unit 21 each have one terminal supplied with a driving
signal CS involved in a precharge process, and each have
another terminal connected to the pixel electrode of the cor-
responding liquid crystal cell 22R, 22G, or 22B. The common
electrode of the liquid crystal cells 22R, 22G, and 22B is
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supplied with the driving power VCOM whose signal level is
changed in such a manner as to be interlocked with the driving
signal CS.

The pixel electrodes of the liquid crystal cells 22R, 22G,
and 22B are connected to an NMOS (N-channel Metal-Oxide
Semiconductor) transistor Q2 via NMOS transistors Q1R,
Q1G, and Q1B, which perform on/off operation according to
gate signals GATER, GATEG, and GATEB, respectively. The
NMOS transistor Q2 performs on/off operation according to
the gate signal GATEB for blue. The NMOS transistor Q2
connects the NMOS transistors Q1R, Q1G, and Q1B to the
signal line SIG or a line supplying the driving signal CS via
NMOS transistors Q3 and Q4, respectively, which perform
on/off operation according to output from a memory unit 23.

The memory unit 23 in the basic unit 21 is an SRAM (Static
Random Access Memory) formed by a CMOS (Complemen-
tary Metal-Oxide Semiconductor) inverter of an NMOS tran-
sistor Q5 and a PMOS (P-channel Metal-Oxide Semiconduc-
tor) transistor Q6 whose gates are connected to each other and
whose drains are connected to each other and a CMOS
inverter of a similar NMOS transistor Q7 and a similar PMOS
transistor Q8. The memory unit 23 outputs an output RAM
(Random Access Memory) corresponding to the logical level
of the signal line SIG and an inverted output having an oppo-
site logical level from the output RAM to the NMOS transis-
tors Q3 and Q4, respectively. The memory unit 23 thereby
subjects these transistors Q3 and Q4 to complementary on-off
control. The memory unit 23 is connected to the signal line
SIG via an NMOS transistor Q11, which performs an on
operation according to a gate signal GATED.

In the basic unit 21, as shown in FIGS. 4A to 4F and FIG.
5, in the case of the analog driving system, the horizontal
driving unit 15 and the vertical driving unit 17 set the memory
unit 23 in advance so that the transistor Q3 is set in an on state
(FIGS. 4D and 4E), and thereafter sequentially change set-
tings of the gate signals GATER, GATEG, and GATEB
(FIGS. 4B1 to 4B3), whereby the liquid crystal cells 22R,
22G, and 22B are sequentially connected to the signal line
SIG, as shown in FIG. 5. Incidentally, FIG. 5 is a diagram
showing a simplified configuration of the basic unit 21 by
contrast with FIG. 3 for the description of the connection
between the signal line SIG and the liquid crystal cells 22R,
22G, and 22B.

In the basic unit 21, in the case of the analog driving
system, the horizontal driving unit 15 sequentially sets the
driving signal Ssig of the signal line SIG to gradation voltages
R, G, and B indicating the gradations of the liquid crystal cells
22R, 22G, and 22B, respectively (FIG. 4A). The settings of
the gate signals GATER, GATEG, and GATEB are changed
sequentially in such a manner as to correspond to the settings
of'the signal line SIG (FIGS. 4B1 to 4B3). Thereby the basic
unit 21 sets potentials PIXR, PIXG, and PIXB on the pixel
electrode sides of the liquid crystal cells 22R, 22G, and 22B
to the gradation voltages R, G, and B by the driving signal
Ssig. Thereby the basic unit 21 sets the gradations of the
liquid crystal cells 22R, 22G, and 22B by the analog driving
system. Incidentally, in the configuration of FIG. 3, with the
transistor Q2 in an on state, the transistors Q1R and Q1G for
red and green may be alternately made to perform an on
operation to set the gradations of the liquid crystal cells 22R
and 22G of red and green sequentially.

On the other hand, at a time of advance setting of the
memory unit 23 in the analog driving system, or at a time of
writing by the memory system, as shown in FIGS. 6A to 6F
and FIG. 7, the basic unit 21 sets the transistors Q1R, Q1G,
and Q1B in an off state by the gate signals GATER, GATEG,
and GATEB (FIGS. 6B1 to 6B3 and 6C1 to 6C3), temporarily
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lowers the power supply voltage VRAM (Video Random
Access Memory) of the memory unit 23 to a voltage VDD
corresponding to the H-level of the signal line SIG (FIGS. 6A
and 6D), and sets the transistor Q11 in an on state by the gate
signal GATED, so that the memory unit 23 is connected to the
signal line SIG (FIG. 6E). Thereby the basic unit 21 sets the
logical level of the driving signal Sdv output to the signal line
SIG (FIG. 6F). The basic unit 21 thereafter raises the power
supply voltage VRAM to a voltage VDD2 corresponding to
the driving voltage of the liquid crystal cells 22R, 22G, and
22B (FIGS. 6D and 6F), and thus sets the power supply
voltage VRAM such that the transistors Q3 and Q4 can be
controlled to be on or off. Incidentally, FIG. 7 is a diagram
showing a simplified configuration of the basic unit 21 shown
in FIG. 3 for the description of the operation of writing the
memory unit 23.

In the basic unit 21, at a time of advance setting of the
memory unit 23 in the analog driving system, the signal line
SIG is set to an H-level by the horizontal driving unit 15, and
the above series of operations is performed, whereby the
memory unit 23 is set such that the transistor Q3 is set in an on
state. At a time of writing by the memory system, on the other
hand, the signal line SIG is set to the logical value of image
data DV by the horizontal driving unit 15, whereby the logical
value of the image data DV is set in the memory unit 23. When
the logical value is at an H-level, the memory unit 23 is set
such that the transistor Q3 is set in an on state. When the
logical value is at an L-level, on the other hand, the memory
unit 23 is set such that the transistor Q4 is set in an on state.

Atatime of display by the memory system, in the basic unit
21, as shown in FIGS. 8A to 8G and FIG. 9, the inverted signal
XCS of the driving signal CS, the signal level of the inverted
signal XCS being changed complementarily to the driving
signal CS, is supplied from the horizontal driving unit 15 to
the signal line SIG (FIGS. 8A and 8B). In addition, the gate
signals GATER, GATEG, and GATEB are supplied from the
horizontal driving unit 15 so as to make all of the transistors
Q1R, Q1G,Q1B, and Q2 perform an on operation (FIGS. 8C1
to 8C3). The basic unit 21 selectively sets the transistor Q3 or
Q4 in an on state according to the logical value set in the
memory unit 23, and thereby selectively supplies the inverted
signal XCS or the driving signal CS to the pixel electrodes of
the liquid crystal cells 22R, 22G, and 22B (FIGS. 8D1 to
8D3). The liquid crystal cells 22R, 22G, and 22B are thereby
set to a black gradation or a white gradation in correspon-
dence with the logical value of the image data DV set in the
memory unit 23. Incidentally, FIG. 9 is a diagram showing a
simplified configuration of the basic unit 21 shown in FIG. 3
for the description of the display by the memory system.

FIGS. 10A and 10B are diagrams of assistance in explain-
ing alayout of the basic unit 21 in a TFT substrate. In the basic
unit 21 shown in FIG. 3, the number of scanning lines is
significantly larger than the number of signal lines. When the
liquid crystal cells 22R, 22G, and 22B are arranged so as to be
aligned in a horizontal direction, the arrangement of the scan-
ning lines becomes complex. Accordingly, in the present
embodiment, pixels formed by liquid crystal cells 22R, 22G,
and 22B in one basic unit 21 are arranged so as to be aligned
in a direction in which the signal line extends. The display
unit 13 is thus formed by so-called horizontal stripes. In
addition, scanning lines are arranged between the pixels
formed by the liquid crystal cells 22R, 22G, and 22B and
between pixels of basic units 21 adjacent to each other. Thus,
in the present embodiment, the TFT substrate is laid out
efficiently, and a decrease in area of openings in the display
unit 13 is prevented.
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Further, as shown by arrows in FIGS. 10A and 10B, the
memory unit 23 and the transistors Q3, Q4, and Q11 are
disposed in the pixel formed by the liquid crystal cell 22B of
blue among the three liquid crystal cells 22R, 22G, and 22B of
red, green, and blue in the basic unit 21. The transistors Q1R,
Q1G, Q1B, and Q2 and the storage capacitor CsR of the red
liquid crystal cell 22R are disposed in the pixel formed by the
red liquid crystal cell 22R. The storage capacitors CsG and
CsB of the green liquid crystal cell 22G and the blue liquid
crystal cell 22B are disposed in the pixel formed by the green
liquid crystal cell 22G. Thus, the present embodiment secures
a sufficient area of openings assignable to the red, green, and
blue pixels by arranging the transistors Q1 to Q11 efficiently,
and prevents an imbalance between the areas of the openings
in the red, green, and blue pixels.

Further, as shown in FIG. 1, for at least the storage capaci-
tor CsB of the blue liquid crystal cell 22B which capacitor is
disposed in the pixel formed by the green liquid crystal cell
22G, ashield layer 31 is provided between an electrode of the
storage capacitor CsB which electrode is formed by a wiring
layer 7 and a pixel electrode 11. In the liquid crystal display
device 18, the shield layer 31 is made by a wiring layer 9 for
connecting the pixel electrode 11 to the basic unit 21. In the
basic unit 21, the shield layer 31 is connected to a ground or
a fixed potential.

(2) Operation of Embodiment

When the liquid crystal display device 18 (FIG. 2) of the
above configuration displays a moving image or a still image
based on image data SDI output from a tuner unit, an external
device or the like, the controller 14 controls each part to input
the image data SDI input to the interface 12 to the horizontal
driving unit 15, where the image data SDI is subjected to
digital-to-analog conversion processing, and a driving signal
Ssig for the signal line SIG on the basis of field reversal, frame
reversal, line reversal, or the like is generated. The liquid
crystal display device 18 sets the gradation of each pixel
provided in the display unit 13 by the driving signal Ssig as an
analog signal, and displays the moving image or the still
image by the analog driving system.

When a menu image or the like from the controller 14 is
displayed, on the other hand, binary image data DV output
from the controller 14 is input to the horizontal driving unit 15
via the interface 12. In the liquid crystal display device 18, the
logical level of the signal line SIG is sequentially set accord-
ing to the logical level of the image data DV, and the logical
level of the signal line SIG is stored in the memory unit 23
disposed in the display unit 13 (FIG. 3). The gradation of each
pixel is set according to the logical level stored in the memory
unit 23. Thereby the menu image is displayed by the memory
system.

More specifically, in the display unit 13 (FIG. 3, FIGS. 6A
to 6F, and FIG. 7), in an advance process in the case of display
by the analog driving system, the horizontal driving unit 15
sets the logical level of each signal line SIG to an H-level, and
the memory unit 23 is connected to the signal line SIG by the
gate signal GATED in a state in which the power VRAM of
the memory unit 23 is lowered. The logical value of the signal
line SIG is thereby set in the memory unit 23. In addition, as
a result of the setting of the logical value, the transistor Q3 is
set in an on state, so that the transistor Q2 is connected to the
signal line SIG.

Further, in the case of display by the analog driving system
(FIGS. 3 to 6F), the horizontal driving unit 15 sequentially
sets the signal level of the signal line SIG to gradation volt-
ages indicating the gradations of the red, green, and blue
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liquid crystal cells 22R, 22G, and 22B, respectively, and the
transistors Q1R, Q1G, Q1B, and Q2 are sequentially set in an
on state in such a manner as to correspond to the setting of the
signal level of the signal line SIG, so that the gradation volt-
ages of the respective pixels are set at the pixel electrodes of
the liquid crystal cells 22R, 22G, and 22B. In addition, the
driving signals VCOM and CS are supplied to the common
electrode of the liquid crystal cells 22R, 22G, and 22B and the
storage capacitors CsR, CsG, and CsB in such a manner as to
correspond to the above setting.

The liquid crystal display device 18 repeats the setting of
the liquid crystal cells 22R, 22G, and 22B by the signal line
SIG in frame units, for example. Thereby a moving image or
a still image can be displayed by the analog driving system.

In the case of the memory system (FIG. 3, FIGS. 6A to 6F,
and FIG. 7), on the other hand, the signal level of the signal
line SIG is set to a logical level corresponding to emission or
non-emission of the liquid crystal cells 22R, 22G, and 22B,
and the memory unit 23 is driven in the same manner as in the
advance process of the analog driving system. The logical
level of image data DV is thereby set in the memory unit 23.

Next, the transistor Q3 or Q4 is selectively set in an on state
according to the logical value set in the memory unit 23 (FIG.
3, FIGS. 8A to 8G, and FIG. 9), whereby the inverted signal
XCS of the driving signal CS or the driving signal CS is
selected. In the liquid crystal display device 18, the selected
inverted signal XCS or the selected driving signal CS is
supplied to the pixel electrodes of the liquid crystal cells 22R,
22@G, and 22B via the transistors Q1R, Q1G, Q1B, and Q2.
These liquid crystal cells 22R, 22G, and 22B are thereby set
for display or non-display according to the logical value set in
the signal line SIG. The liquid crystal display device 18 thus
displays an image that does not need to be updated in frame
cycles, such as a menu image or the like, by the memory
system, so that power consumption can be reduced.

In addition, in the liquid crystal display device 18, one
memory unit 23 is assigned to the red, green, and blue liquid
crystal cells 22R, 22G, and 22B, and an image is displayed by
the memory system. It is thereby possible to reduce the num-
ber of memories provided in the display unit, and simplify the
configuration.

In addition, the display unit 13 is formed by so-called
horizontal stripes by sequentially arranging the red, green,
and blue liquid crystal cells 22R, 22G, and 22B to which one
memory unit 23 is assigned in the extending direction of the
signal line SIG. It is thereby possible to lay out the TFT
substrate efficiently, and prevent a decrease in area of open-
ings in the display unit 13.

However, when the plurality of pixels adjacent to each
other thus shares the memory unit 23, an imbalance occurs
between the plurality of pixels in the layout of the TFT sub-
strate, and an area in which a storage capacitor can be created
in a particular pixel is reduced. That is, in this case, when the
memory unit 23 is disposed in one of the pixels, it is difficult
to secure a sufficient opening and allocate a sufficient area to
the storage capacitor in the pixel having the memory unit 23
disposed therein.

Accordingly, in the present embodiment, the memory unit
23 and the transistors Q3, Q4, and Q11 are disposed in the
pixel formed by the liquid crystal cell 22B of blue among the
three liquid crystal cells 22R, 22G, and 22B of red, green, and
blue in the basic unit 21. The transistors Q1R, Q1G, Q1B, and
Q2 and the storage capacitor CsR of the red liquid crystal cell
22R are disposed in the pixel formed by the red liquid crystal
cell 22R. The storage capacitors CsG and CsB of the green
liquid crystal cell 22G and the blue liquid crystal cell 22B are
disposed in the pixel formed by the green liquid crystal cell
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22G. Thus, the present embodiment secures a sufficient area
of openings assignable to the red, green, and blue pixels by
arranging the transistors Q1 to Q11 efficiently, and prevents
an imbalance between the areas of the openings in the red,
green, and blue pixels.

However, when the storage capacitors CsG and CsB of the
green liquid crystal cell 22G and the blue liquid crystal cell
22B are thus disposed in the pixel formed by the green liquid
crystal cell 22G, the storage capacitor CsB of the blue liquid
crystal cell 22B is disposed in a layer below the green liquid
crystal cell 22G. As aresult, there is a fear that the green liquid
crystal cell 22G may be affected by the pixel potential of the
blue liquid crystal cell 22B and thus become unable to rep-
resent a correct gradation.

Accordingly, in the present embodiment (FIG. 1), for at
least the storage capacitor CsB of the blue liquid crystal cell
22B which capacitor is disposed in the pixel formed by the
green liquid crystal cell 22G, the shield layer 31 is provided
by the wiring layer 9 between an electrode of the storage
capacitor CsB which electrode is formed by the wiring layer
7 and the pixel electrode 11. The shield layer 31 is connected
to a ground or a fixed potential.

Thus, in the present embodiment, shielding by the shield
layer 31 prevents the pixel potential of the green liquid crystal
cell 22G from being affected by the pixel potential of the blue
liquid crystal cell 22B. Thereby a green pixel can be displayed
at a correct gradation. Thus, in the present embodiment, a
necessary storage capacitor can be secured sufficiently even
when an area in which the storage capacitor can be disposed
is small.

(3) Effect of Embodiment

According to the above constitution, the storage capacitor
of the adjacent pixel is created in a layer below the pixel
electrode, and shielding is provided by disposing the shield
layer 31 between the electrode on the pixel electrode side
which electrode forms the storage capacitor of the adjacent
pixel and the pixel electrode. Thus, a necessary storage
capacitor can be secured sufficiently even when an area in
which the storage capacitor can be disposed is small.

In addition, because the shield layer is formed by the wir-
ing layer for connecting the pixel electrode to the TFT, the
shield layer can be provided by making effective use of an
existing process. Thus, with a simple constitution, a neces-
sary storage capacitor can be secured sufficiently even when
an area in which the storage capacitor can be disposed is
small.

In addition, even when there is an extreme imbalance in the
layout of the TFT substrate in the constitution in which one
memory unit is assigned to a plurality of pixels adjacent to
each other and display is made by the memory system, a
necessary storage capacitor can be secured sufficiently.

In addition, even when there is an extreme imbalance in the
layout of the TFT substrate in the constitution in which
images are displayed by the memory system, the analog driv-
ing system and the like, a necessary storage capacitor can be
secured sufficiently.

Second Embodiment

FIG. 11 is ablock diagram showing a liquid crystal display
device according to a second embodiment of the present
invention. This liquid crystal display device 41 displays a
moving image or a still image based on image data SDI on a
display unit 42 by the analog driving system, and displays a
menu image based on image data DV1. In addition, the liquid
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crystal display device 41 detects a selection of a menu dis-
played on the display unit 42 by a controller 44, and changes
display or the like on the display unit 42.

In the liquid crystal display device 41, an interface (I/F) 45
is supplied with the image data SDI output from a tuner unit,
an external device or the like, various timing signals synchro-
nized with the image data SDI, and the image data DV1
output from the controller 44. The interface 45 outputs the
image data SDI and DV1 and the various timing signals input
to the interface 45 to each part under control of the controller
44.

A horizontal driving unit 46 distributes the image data SDI
and DV1 output from the interface 45 to each signal line SIG
provided for the display unit 42, and subjects the distributed
image data to digital-to-analog conversion processing. The
horizontal driving unit 46 thereby generates a driving signal
Ssig for each signal line SIG, and outputs the driving signal
Ssigto the display unit 42. A vertical driving unit 47 generates
a timing signal GATEL corresponding to the driving signal
Ssig generated by the horizontal driving unit 46 as well as
driving signals VCOM and CS, and outputs the timing signal
GATEL and the driving signals VCOM and CS to the display
unit 42.

The display unit 42 is a transmissive type or a semi-trans-
missive type of liquid crystal display panel in which sensor
circuits forming a touch sensor are provided at a predeter-
mined pixel pitch. The display unit 42 is driven by the hori-
zontal driving unit 46 and the vertical driving unit 47 to
display a moving image or a still image based on image data
SDI and display a menu image based on image data DV1.

A scan unit 48 generates and outputs various timing signals
RST and SEL used to drive a sensor circuit provided in the
display unit 42. A sensing unit 43 subjects an output signal
SIGX of the sensor circuit which signal is output from the
display unit 42 to signal processing to detect coordinates X
and Y of a part that a use has touched. The sensing unit 43
outputs the detected coordinates X and Y to the controller 44.

The controller 44 is controlling means for controlling the
operation of each part. The controller 44 controls the opera-
tion of the interface 45 to display a predetermined menu
screen on the display unit 42. In addition, the controller 44
detects a selection of a menu on the menu screen on the basis
of coordinates X and Y notified by the sensing unit 43,
changes the display of the display unit 42 in response to the
selection of the menu, and changes a source of the image data
SDI or the like.

FIG. 12 is a block diagram showing a basic unit of the
display unit 42. In this basic unit 51, the same constituent
elements as in the basic unit 21 of FIG. 3 are identified by the
corresponding reference numerals, and repeated description
thereof will be omitted. The basic unit 51 in this case is a
constituent unit of the display unit 42. The basic unit 51 in the
present embodiment includes consecutive liquid crystal cells
22R, 22G, and 22B of red, green, and blue and one sensor unit
52. In the display unit 42, basic units 51 are arranged in the
form of a matrix in a TFT substrate such that liquid crystal
cells 22R, 22G, and 22B of red, green, and blue continue
sequentially and cyclically. Thereby pixels formed by these
liquid crystal cells 22R, 22G, and 22B are arranged in the
form of a matrix.

In the basic unit 51, the liquid crystal cells 22R, 22G, and
22B of red, green, and blue are connected to signal lines
SIGR, SIGG, and SIGB for red, green, and blue, respectively,
via NMOS transistors Q12R, Q12G, and Q12B that perform
on/off operation according to a gate signal GATEL output
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from the vertical driving unit 47. Thereby the gradations of
the liquid crystal cells 22R, 22G, and 22B are set by the
analog driving system.

When a finger or the like approaches the display screen of
the display unit 42, light emitted from the display unit 42 is
reflected by the finger or the like, so that returned light
returned to the display unit 42 occurs. The sensor unit 52
includes: a sensor 53 for receiving the returned light and
outputting an output signal corresponding to the light amount
of the received light; an integrating capacitor 54 for integrat-
ing the output signal of the sensor 53; an amplifier circuit 55
for amplifying a result of the integration by the integrating
capacitor 54; and a transistor Q13 performing an on operation
according to a selection signal SEL to output an output signal
of the amplifier circuit 55 to a signal line SIG for the sensor
unit.

FIG. 13 is a connection diagram showing a detailed con-
figuration of the sensor unit 52 together with a related con-
figuration. In the sensor unit 52, a photosensor 56 that outputs
a current corresponding to the light amount of received light
is applied to the sensor 53. An output signal of the sensor 53
is supplied to one terminal of the integrating capacitor 54. In
the sensor unit 52, another terminal of the integrating capaci-
tor 54 is connected to a ground as a predetermined fixed
potential, and the one terminal of the integrating capacitor 54
is connected to a power supply VDD via a PMOS transistor
Q14 performing an on operation according to a reset signal
RST.

As shown in FIGS. 14A to 14D, the reset signal RST is
supplied from the scan unit 48 to the sensor unit 52 in syn-
chronism with timing of setting of a gradation to the liquid
crystal cells 22R, 22G, and 22B in the basic unit 51 provided
with the sensor unit 52 (FIG. 14A). The transistor Q14 per-
forms an on operation according to the reset signal RST, so
that a voltage V1 (FIG. 14B) of the one terminal of the
integrating capacitor 54 is connected to a power supply volt-
age VDD. Thereby a charge accumulated in the integrating
capacitor 54 is reset. The voltage V1 of the one terminal of the
integrating capacitor 54 thereafter decreases gradually
according to the light amount of returned light.

The sensor unit 52 amplifies the voltage of the one terminal
of the integrating capacitor 54 by means of the amplifier
circuit 55 formed by an NMOS transistor. An output of the
amplifier circuit 55 is output to the signal line SIG via the
transistor Q13. In the sensor unit 52, the selection signal SEL
is input from the scan unit 48 immediately before the voltage
V1 of the one terminal of the integrating capacitor 54 is reset
to the power supply voltage VDD by the reset signal RST
(FIG. 14C). Thereby a result of integration by the integrating
capacitor 54 is output to the signal line SIG in timing of the
selection signal SEL.

In the liquid crystal display device 41, as shown in FIGS.
15A1 to 15C, the reset signal RST (RST1,RST2, ... ) and the
selection signal SEL (SEL1, SEL2, . . .) are output to each
basic unit 51 via a scanning line so as to sequentially select
and reset the basic units 51 arranged along the signal line SIG.
Thereby results OUT1, OUT2, . . . of measurement by the
basic units 51 arranged along the signal line SIG are output to
the signal line SIG on a time division basis.

In the present embodiment, the sensing unit 43 (FIG. 13)
has a constant-current source 57 connected to each signal line
SIG. The sensing unit 43 subjects an output signal SIGX of a
sensor unit 52 which signal is detected at an input terminal of
the constant-current source 57 to analog-to-digital conversion
processing, and thereby obtains a result of detection by a
basic unit 51 connected to the signal line SIG. The sensing
unit 43 divides the result of the analog-to-digital conversion
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by the pixel value of corresponding image data SDI or DV1,
and thereby normalizes the light amount of the returned light.
In addition, the sensing unit 43 determines the normalized
result by a predetermined threshold value, and thereby detects
a basic unit 51 that has received returned light in a predeter-
mined amount or larger. The sensing unit 43 notifies the
coordinates X and Y of the detected basic unit 51 to the
controller 44.

FIG. 16 is a plan view of the TFT substrate, showing a
layout of a basic unit 51. In the present embodiment, the
display unit 42 is formed by so-called vertical stripes by
arranging pixels formed by liquid crystal cells 22R, 22G, and
22B such that the pixels are aligned in an extending direction
of scanning lines. In the display unit 42, transistors Q1R,
Q1G, and Q1B are arranged in the respective liquid crystal
cells 22R, 22G, and 22B. The sensor unit 52 is disposed in the
pixels formed by the green liquid crystal cell 22G and the blue
liquid crystal cell 22B. Incidentally, the sensor 53 of the
sensor circuit is disposed in the blue liquid crystal cell 22B.
Storage capacitors CsR, CsG, and CsB of the respective lig-
uid crystal cells 22R, 22G, and 22B are disposed in the pixel
formed by the red liquid crystal cell 22R. However, the stor-
age capacitor CsB of the blue liquid crystal cell 22B is dis-
posed in the red liquid crystal cell 22R of the adjacent basic
unit 51.

Further, a shield layer 31 as described above with reference
to FIG. 1 is provided for at least the storage capacitors CsG
and CsB of the green liquid crystal cell 22G and the blue
liquid crystal cell 22B among the storage capacitors CsR,
CsG, and CsB. The shield layer 31 is connected to a ground or
a fixed potential. Thereby the present embodiment effectively
avoids effects of the pixel electrodes of the blue liquid crystal
cell 22B and the green liquid crystal cell 22G in the red liquid
crystal cell 22R.

According to the present embodiment, even when there is
an extreme imbalance in the layout of the TFT substrate in the
constitution provided with a sensor unit for detecting the light
amount of returned light, a necessary storage capacitor can be
secured sufficiently.

Third Embodiment

FIG. 17 is a plan view of a TFT substrate applied to a liquid
crystal display device according to a third embodiment of the
present invention by contrast with FIG. 16 or the like. In this
liquid crystal display device, a spacer for securing a gap
between the TFT substrate and a CF substrate is arranged at a
predetermined pixel pitch. In the liquid crystal display device,
the arrangement of the spacer causes insufficiency of a space
for creating a storage capacitor in a pixel in which the spacer
is arranged. Accordingly, in the liquid crystal display device,
the insufficient space is sequentially distributed to an adjacent
pixel to create a storage capacitor.

Specifically, a storage capacitor CsB for the pixel of a blue
liquid crystal cell 22B in FIG. 17 is disposed in the pixel of the
blue liquid crystal cell 22B and the pixel of an adjacent green
liquid crystal cell 22G. A storage capacitor CsG for the pixel
ofthe adjacent green liquid crystal cell 22G is disposed in the
pixel of the green liquid crystal cell 22G and the pixel of an
adjacent red liquid crystal cell 22R.

In regard to the storage capacitors thus arranged in the
adjacent pixels, a correct gradation can be displayed by
arranging a similar shield layer 31 to that of the first embodi-
ment or the second embodiment.

According to the present embodiment, even when an
extreme imbalance occurs in the layout of the TFT substrate
due to the arrangement of the spacer, and an area in which a
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storage capacitor can be created is reduced, a necessary stor-
age capacitor can be secured sufficiently.

Fourth Embodiment

FIG. 18 is a sectional view of a TFT substrate applied to a
liquid crystal display device according to a fourth embodi-
ment of the present invention by contrast with FIG. 1. In the
liquid crystal display device according to the present embodi-
ment, a counter electrode opposed to an electrode on a pixel
potential side of a storage capacitor is formed by a wiring
layer 9. In addition, this counter electrode is internally con-
nected to an electrode on a driving signal CS side of the
storage capacitor. Thereby, in the present embodiment, the
capacitance of the storage capacitor per unit area is set sub-
stantially twofold as compared with the existing constitution
in which the storage capacitor is created by a gate layer 5 and
a wiring layer 7.

In the liquid crystal display device, this storage capacitor is
disposed in a layer below a liquid crystal cell associated with
the storage capacitor.

According to the present invention, by further creating the
counter electrode between a pixel electrode and the electrode
on the pixel potential side of the storage capacitor and thereby
increasing the capacitance of the storage capacitor twofold, a
necessary storage capacitor can be secured sufficiently even
when an area in which the storage capacitor can be disposed
in each pixel is reduced due to increased resolution or the like.

Fifth Embodiment

It is to be noted that while in the foregoing first to third
embodiments, the present invention is applied to cases where
animbalance occurs in the layout ofa TFT substrate due to the
disposition of a memory unit, a sensor circuit, or a spacer, and
an area in which a storage capacitor can be created is
decreased in a particular pixel, the present invention is not
limited to this, but is widely applicable to cases where an
imbalance occurs in the layout of a TFT substrate due to the
disposition of a constitution other than a memory unit, a
sensor circuit, or a spacer as described above, and an area in
which a storage capacitor can be created is decreased in a
particular pixel.

In addition, in the foregoing embodiments, description has
been made of a case where switching is performed between
the memory system and the analog driving system to display
a desired image, or a case where a desired image is displayed
by the analog driving system. However, the present invention
is not limited to this, but is widely applicable to a case where
a desired image is displayed by only the analog driving sys-
tem, a case where a desired image is displayed by only the
memory system, and the like.

In addition, in the foregoing embodiments, description has
been made of a case where a shield layer or a separate counter
electrode is provided. However, the present invention is not
limited to this. A liquid crystal display device may be formed
with a combination of the shield layer and the separate
counter electrode.

In addition, in the foregoing embodiments, description has
been made of a case where a shield layer or the like is created
by using a wiring layer. However, the present invention is not
limited to this. For example, a shield layer or the like may be
created by using a common electrode layer in an FFS system
or an ISP system. Further, a shield layer or the like may be
created by laminating a separate metallic film or the like.
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An intra-pixel selector system will hereinafter be described
in detail.

For this kind of liquid crystal display device, a so-called
intra-pixel selector system is also provided by which system
the gradation of each pixel is set. The intra-pixel selector
system has a selector provided for a unit of a plurality of
pixels in a display unit, and sequentially sets the gradations of
a plurality of liquid crystal cells forming the plurality of
pixels by the selector.

FIG. 40 is a connection diagram showing a basic unit of a
liquid crystal display device based on the intra-pixel selector
system. The basic unit 101 is a constituent unit of a display
unit based on the intra-pixel selector system. The display unit
of the liquid crystal display device is formed by arranging
such basic units 101 in the form of a matrix. In the example of
FIG. 40, the basic unit 101 has one selector 103 provided for
three sub-pixels formed by liquid crystal cells 102R, 102G,
and 102B of red, green, and blue. In the basic unit 101, the
common electrode of the liquid crystal cells 102R, 102G, and
102B is connected to acommon signal line, and the signal line
is connected to a driving power supply for the common elec-
trode which power supply is not shown in the figure. Inciden-
tally, CsR, CsG, and CsB denote a storage capacitor. The
storage capacitors CsR, CsG, and CsB have one terminal
connected to the pixel electrodes of the liquid crystal cells
102R, 102G, and 102B, respectively, and have another termi-
nal supplied with a driving signal CS for precharge. The pixel
electrodes of the liquid crystal cells 102R, 102G, and 102B of
red, green, and blue are connected to an NMOS transistor Q2
via NMOS transistors Q1R, Q1G, and Q1B, which perform
an on/off operation according to gate signals GATER,
GATEG, and GATEB, respectively. The transistor Q2 per-
forms an on/off operation according to the gate signal
GATEB for blue. The transistor Q2 connects the transistors
Q1R, Q1G, and Q1B to a signal line SIG.

As shown in FIGS. 41A to 41C3, a horizontal driving unit
sets the voltage of the signal line SIG for the basic unit 101 to
voltages corresponding to the gradations of the liquid crystal
cells 102R, 102G, and 102B of red, green, and blue on a time
division basis (FIG. 41A). Incidentally, in FIGS. 41A to
41C3, the voltages corresponding to the gradations of the
respective liquid crystal cells 102R, 102G, and 102B are
indicated by references R, G, and B. In the basic unit 101, the
transistors Q1R, Q1G, Q1B, and Q2 are set in an on state
according to the gate signals GATER, GATEG, and GATEB,
and are sequentially set in an off state in such a manner as to
be interlocked with the setting of the voltage of the signal line
SIG (FIGS. 41B1, 41B2, and 41B3). Specifically, in a period
in which the voltage of the signal line SIG is set to a voltage
R corresponding to the gradation of the red liquid crystal cell
102R, the transistors Q1R, Q1G, Q1B, and Q2 areraised to an
on state, and thereafter the transistor Q1R connected to the
red liquid crystal cell 102R is changed to an off state. Thereby
avoltage VR of the pixel electrode of the red liquid crystal cell
102R is setto the voltage R of the signal line SIG (FIG. 41C1).
Next, in a period in which the voltage of the signal line SIG is
set to a voltage G corresponding to the gradation of the green
liquid crystal cell 102G, the transistor Q1G connected to the
green liquid crystal cell 102G is changed to an off state.
Thereby a voltage VG of the pixel electrode of the green
liquid crystal cell 102G is set to the voltage G of the signal line
SIG (FIG. 41C2). Next, in a period in which the voltage of the
signal line SIG is set to a voltage B corresponding to the
gradation of the blue liquid crystal cell 102B, the transistor
Q1B connected to the blue liquid crystal cell 102B is changed
to an off state together with the transistor Q2. Thereby a
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voltage VB of'the pixel electrode of the blue liquid crystal cell
102B is set to the voltage B ofthe signal line SIG (FIG. 41C3).

In regard to such a liquid crystal display device, Japanese
Patent Laid-Open No. Hei 9-243995 discloses a constitution
in which a memory is provided for each pixel, and each pixel
is driven according to a recording of the memory. This system
will hereinafter be referred to as a memory system. This
memory system makes it possible to omit a gradation setting
process for each pixel once the gradation of each pixel is set,
and can thus reduce power consumption.

In the basic unit 101 of the intra-pixel selector system
shown in FIGS. 41A to 41C3, as shown in FIG. 42, capaci-
tances Cg occur between scanning lines for the respective
gate signals GATER, GATEG, and GATEB and the pixel
electrodes of the respective liquid crystal cells 102R, 102G,
and 102B. In this case, CgRR, CgRG, and CgRB denote
capacitances between the pixel electrode of the red liquid
crystal cell 102R and the scanning lines for the respective gate
signals GATER, GATEG, and GATEB, respectively. CgGR,
CgG@G, and CgGB denote capacitances between the pixel
electrode of the green liquid crystal cell 102G and the scan-
ning lines for the respective gate signals GATER, GATEG,
and GATEB, respectively. CgBR, CgBG, and CgBB denote
capacitances between the pixel electrode of the blue liquid
crystal cell 102B and the scanning lines for the respective gate
signals GATER, GATEG, and GATEB, respectively.

As aresult, due to gate coupling by these capacitances Cg
in the basic unit 101, the potentials VR, VG, and VB of the
pixel electrodes set in the respective liquid crystal cells 102R,
102G, and 102B change when the signal levels of the gate
signals GATER, GATEG, and GATEB are changed.

In the basic unit 101, as shown in FIGS. 43A to 43C3 by
contrast with FIGS. 41A to 41C3, the transistor QIR is first
made to perform an off operation by the gate signal GATER
for red, and the gradation of the red liquid crystal cell 102R is
set. Thereafter, the transistors Q1G and Q1B are sequentially
made to perform an off operation by the gate signals GATEG
and GATEB for green and blue, and the gradations of the
green liquid crystal cell 102G and the blue liquid crystal cell
102B are set. Thus, the potential VR of the pixel electrode of
the red liquid crystal cell 102R is lowered each time the signal
levels of the gate signals GATER, GATEG, and GATEB for
red, green, and blue are lowered. The potential VG of the pixel
electrode of the green liquid crystal cell 102G is sequentially
lowered due to the falling edges ofthe signal levels of the gate
signals GATEG and GATEB for green and blue. The potential
VB of the pixel electrode of the blue liquid crystal cell 102B
is lowered due to the falling edge of the signal level of the gate
signal GATEB for blue.

As a result, in the basic unit 101, the potential VR, the
potential VG, and the potential VB set at the pixel electrodes
via the signal line SIG are changed, and amounts of change
AVR, AVG, and AVB in the potential VR, the potential VG,
and the potential VB are decreased in order of the red liquid
crystal cell 102R, the green liquid crystal cell 102G, and the
blue liquid crystal cell 102B. The amounts of change AVR,
AVG, and AVB in the potential VR, the potential VG, and the
potential VB of the pixel electrodes are caused by driving by
the gate signals GATER, GATEG, and GATEB, and are thus
maintained at substantially fixed values even when the driv-
ing of the signal line SIG on the basis of field reversal, frame
reversal, line reversal, or the like is changed.

The intra-pixel selector system thus has a problem in that a
direct-current electric field is applied to a liquid crystal
between a plurality of liquid crystal cells to which one selec-
tor is assigned. Incidentally, when a direct-current electric
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field continues being thus applied to a liquid crystal, the liquid
crystal is degraded in a liquid crystal display device.

Embodiments below are to propose a liquid crystal display
device that can prevent application of a direct-current electric
field to a liquid crystal when each liquid crystal cell is driven
by the intra-pixel selector system.

Sixth Embodiment
(1) Constitution of Embodiment

FIG. 23 is a block diagram showing a liquid crystal display
device according to a sixth embodiment of the present inven-
tion. This liquid crystal display device 111 is a liquid crystal
display device based on the intra-pixel selector system, in
which device a display unit 112 is formed by arranging pixels
formed by liquid crystal cells in the form of a matrix. A
horizontal driving unit 113 and a vertical driving unit 114
drive the display unit 112 to display a desired image on the
display unit 112. The display unit 112 is formed by arranging
predetermined basic units in the form of a matrix, whereby
the pixels formed by the liquid crystal cells are arranged in the
form of a matrix.

FIG. 23 is a connection diagram showing a basic unit
forming the display unit 112 by contrast with FIG. 40. In FIG.
23, the same constituent elements as in FIG. 40 are identified
by the corresponding reference numerals, and repeated
description thereof will be omitted. This basic unit 116 has
pixel electrode potential correcting capacitances CG and CB
provided between the respective pixel electrodes of a green
liquid crystal cell 102G and a blue liquid crystal cell 102B
other than a red liquid crystal cell 102R whose amount of
change AVR is largest among the amounts of change AVR,
AVG, and AVB in the potential VR, the potential VG, and the
potential VB of the pixel electrodes described with reference
to FIGS. 43A to 43C3 and scanning lines for gate signals
GATEG and GATEB. The basic unit 116 is formed in the
same manner as the basic unit 101 of FIG. 40 except for a
constitution related to the pixel electrode potential correcting
capacitances CG and CB. Hence, in the basic unit 116, the
gradations of the respective liquid crystal cells 102R, 102G,
and 102B are sequentially set in the same manner as described
with reference to FIGS. 41A to 41C3.

In the configuration shown in FIG. 23, the falling edge
voltage AVR of the potential VR of the pixel electrode of the
red liquid crystal cell 102R due to the falling edge of a gate
signal GATER for the red liquid crystal cell 102R can be
expressed by a voltage obtained by dividing a change in
voltage of the gate signal GATER by a capacitance between
the pixel electrode of the liquid crystal cell 102R and a ground
and a capacitance CgRR between the pixel electrode and a
scanning line for the gate signal GATER. Hence, this amount
AVR of voltage change can be expressed by the following
equation, where CtotalR is a total capacitance of capacitances
between the pixel electrode of the red liquid crystal cell 102R
and all other parts, and AVg is an amount of change in voltage
of the gate signals GATER, GATEG, and GATEB.

CgRR 1
8 v (1

AVRR = =A
CrotalR §

In addition, in the red liquid crystal cell 102R, a falling
edge amount AVRG of the potential VR of the pixel electrode
ofthe red liquid crystal cell 102R due to the falling edge of the
gate signal GATEG for the green liquid crystal cell 102G can
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be similarly expressed by a voltage obtained by dividing a
change in voltage of the gate signal GATEG by the capaci-
tance between the pixel electrode of the liquid crystal cell
102R and the ground and a capacitance CgRG between the
pixel electrode and the scanning line for the gate signal
GATEG. In addition, in the red liquid crystal cell 102R, a
falling edge amount AVRB of the potential VR of the pixel
electrode of the red liquid crystal cell 102R due to the falling
edge of the gate signal GATEB for the blue liquid crystal cell

% 102B can be similarly expressed by a voltage obtained by
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dividing a change in voltage of the gate signal GATEB by the
capacitance between the pixel electrode of the liquid crystal
cell 102R and the ground and a capacitance CgRB between
the pixel electrode and the scanning line for the gate signal
GATEB. Hence, these amounts AVRG and AVRB of voltage
change can be expressed by the following equations, where
CtotalG is a total capacitance of capacitances between the
pixel electrode of the green liquid crystal cell 102G and all
other parts, and CtotalB is a total capacitance of capacitances
between the pixel electrode of the blue liquid crystal cell
102B and all other parts.

AVRG = —8RG @
~ CrotalR

CeR 3

AVRB= 228« Avg ®)
CrotalR

Hence, the voltage drop amount AVR of'the pixel electrode
potential VR at the red liquid crystal cell 102R described with
reference to FIGS. 43A to 43C3 can be expressed by the
following equation.

AVR = AVRR + AVRG + VRB @
_ CgRR+ CgRG + CgRB

XAV
CroralR g

Similarly, the amounts AVG and AVB of change in the
pixel electrode potentials VG and VB at the green liquid
crystal cell 102G and the blue liquid crystal cell 102B can be
expressed by the following equations, respectively.

CgGG + CgGB %)
AVG =AVGG+AVGB= ———————— =AVyg
CrotalG
CgBB 6)
= AV ==
AVB =AVCB CroralB

When the pixel electrode potential correcting capacitances
CG and CB are removed, the capacitances CgRR, CgGG, and
CgBB between the pixel electrodes of the respective liquid
crystal cells 102R, 102G, and 102B and the scanning lines for
the corresponding gate signals GATER, GATEG, and
GATEB can be made substantially equal to each other by
setting the layout of the transistors Q1R, Q1G, and Q1B and
the like identical with each other between these liquid crystal
cells 102R, 102G, and 102B. Hence, letting CE be the equal
capacitances, the capacitances CgRR, CgGG, and CgBB can
be expressed as CE, CE+CG, and CE+CB, respectively.
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Letting CE and CE+CG be respectively CgRR and CgGG
in Equation (4) and Equation (5), and setting AVR=AVG, the
following relational equation can be obtained.

CE + CgRG + CgRB
CrotalR

_CE+CG+(CgGB

XAV, @
§= CroralG

XAVg

In this case, because CtotalR~CtotalG, the following rela-
tional equation can be obtained when this Equation (7) is
rearranged.

CG=CgRG+CgRB-CgGB ®)

The pixel electrode potential correcting capacitance CG is
set to a capacitance obtained by subtracting a capacitance
CgGB between the pixel electrode of the green liquid crystal
cell 102G and the scanning line for the gate signal GATEB for
blue from a combined capacitance of the capacitance CgRG
between the pixel electrode of the red liquid crystal cell 102R
and the scanning line for the gate signal GATEG for green and
the capacitance CgRB between the pixel electrode of the red
liquid crystal cell 102R and the scanning line for the gate
signal GATEB for blue, so as to satisty the relational equation
of Equation (8).

Similarly, letting CE and CE+CB be respectively CgRR
and CgGB in Equation (4) and Equation (6), and setting
AVR=AVB, the following relational equation can be
obtained.

CE + CgRG + CgRB
CrotalR

CE+CB

)
Vg=
xAVg CrotalG

XAVg

Setting CtotalG=CtotalB and rearranging this Equation
(9), the following relational equation can be obtained.

CB=CgRG+CgRB (10)

The pixel electrode potential correcting capacitance CB is
set to the combined capacitance of the capacitance CgRG
between the pixel electrode of the red liquid crystal cell 102R
and the scanning line for the gate signal GATEG for green and
the capacitance CgRB between the pixel electrode of the red
liquid crystal cell 102R and the scanning line for the gate
signal GATEB for blue, so as to satistfy the relational equation
of Equation (10).

The pixel electrode potential correcting capacitances CG
and CB are set so as to satisfy these relational equations of
Equation (8) and Equation (10). As shown in FIGS. 25A to
25C3 by contrast with FIGS. 43A to 43C3, the basic unit 116
is set such that the voltage drops AVR, AVG, and AVB of the
pixel electrode potentials VR, VG, and VB due to gate cou-
pling at the red liquid crystal cell 102R, the green liquid
crystal cell 102G, and the blue liquid crystal cell 102B are
substantially equal to each other. It is thereby possible to
prevent the application of a direct-current electric field to a
liquid crystal in these adjacent liquid crystal cells 102R,
102G, and 102B of red, green, and blue.

FIG. 26 is a plan view of a layout of the basic unit 116. In
the display unit 112, the scanning lines for the gate signals
GATER, GATEG, and GATEB are sequentially provided at a
fixed pitch T1. The basic unit 116 has pixel electrodes 117R,
117G, and 117B of red, green, and blue sequentially provided
between adjacent scanning lines, and has corresponding stor-
age capacitors CsR, CsG, and CsB and the like. In the basic
unit 116, the pixel electrode 117G of the green liquid crystal
cell 102G and the pixel electrode 117B of the blue liquid
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crystal cell 102B are formed in a larger size than the pixel
electrode 117R of the red liquid crystal cell 102R in a direc-
tion along the signal line SIG such that the pixel electrodes
117G and 117B of the green liquid crystal cell 102G and the
blue liquid crystal cell 102B overlap the scanning lines for the
gate signals GATEG and GATEB for green and blue by pre-
determined amounts TG and TB, respectively. Thereby the
pixel electrode potential correcting capacitances CG and CB
are created by the overlapped parts. The liquid crystal cells
102R, 102G, and 102B are each formed by an identical lay-
out, except for a layout relating to the pixel electrodes 117R,
117G, and 117B and a transistor Q2.

(2) Operation of Sixth Embodiment

Inthe liquid crystal display device 111 (FIG. 24) having the
above constitution, the horizontal driving unit 113 and the
vertical driving unit 114 drive the display unit 112 to set the
gradation of each pixel formed by a liquid crystal cell pro-
vided in the display unit 112. Thereby a desired image can be
displayed on the display unit 112.

In addition, in the display unit 112 (FIG. 23), the pixel
electrode potentials VR, VG, and VB of the adjacent liquid
crystal cells 102R, 102G, and 102B of red, green, and blue are
sequentially set to the voltage of the signal line SIG via the
selector formed by the transistors Q1R, Q1G, Q1B, and Q2.
Thereby the gradation of each pixel is set by the intra-pixel
selector system to display a desired image.

However, in the intra-pixel selector system, the signal lev-
els of the gate signal GATER for red, the gate signal GATEG
for green, and the gate signal GATEB for blue are changed to
sequentially perform on-off control on the transistors Q1R,
Q1G, Q1B, and Q2, and the pixel electrodes of the liquid
crystal cells 102R, 102G, and 102B assigned to one selector
are sequentially connected to the signal line SIG to set the
gradations of the plurality of liquid crystal cells 102R, 102G,
and 102B. Thus the pixel electrode potentials VR, VG, and
VB are decreased due to gate coupling (FIG. 42). In addition,
the pixel electrode potential VR, VG, or VB that is set earlier
to one of the liquid crystal cells 102R, 102G, and 102B
assigned to one selector is decreased more (FIGS. 43A to
43C3). As aresult, when no device is provided, direct-current
potential differences occur between the pixel electrodes of the
plurality of liquid crystal cells 102R, 102G, and 102B
assigned to one selector, and a direct-current electric field is
applied to a liquid crystal.

Accordingly, in the liquid crystal display device 111
according to the present embodiment, the basic unit 116 has
the pixel electrode potential correcting capacitances CG and
CB provided therein such that the capacitances CgGG and
CgBB between the pixel electrodes of the liquid crystal cells
102G and 102B, to which the pixel electrode potentials are set
later, and the scanning lines for the corresponding gate signals
GATER and GATEB are increased. Thereby, in each basic
unit 116, the pixel electrode potentials of the liquid crystal
cells 102G and 102B to which the pixel electrode potentials
are set later are lowered more greatly by gate coupling (FIGS.
25A to 25C3). Thus, direct-current potential differences
between the pixel electrodes of the plurality of liquid crystal
cells 102R, 102G, and 102B assigned to one selector are
eliminated, and the application of a direct-current electric
field to a liquid crystal is prevented.

In the liquid crystal display device 111, the pixel electrode
potential correcting capacitances CG and CB are created by
overlaps between the corresponding pixel electrodes and the
scanning lines (FIG. 26). Thereby the application of a direct-
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current electric field to a liquid crystal can be prevented by
simply improving a mask for manufacturing.

(3) Effect of Sixth Embodiment

According to the above constitution, a setting is made so as
to increase a capacitance between the pixel electrode of a
liquid crystal cell to which a pixel electrode potential is set
later among a plurality of liquid crystal cells assigned to one
selector by the intra-pixel selector system and a scanning line
for a corresponding gate signal. Thereby the application of a
direct-current electric field to a liquid crystal can be prevented
between the plurality of liquid crystal cells assigned to one
selector. Thus the reliability of the liquid crystal display
device can be improved as compared with the existing liquid
crystal display device.

In addition, the capacitance between the pixel electrode
and the scanning line for the corresponding gate signal is
increased by an overlap between the corresponding pixel
electrode and the scanning line. Thereby the application of a
direct-current electric field to a liquid crystal can be prevented
with a simple constitution.

Seventh Embodiment

FIG. 27 is a plan view of a layout of a basic unit in a liquid
crystal display device according to a seventh embodiment of
the present invention. The liquid crystal display device
according to the present embodiment is formed in the same
manner as the liquid crystal display device according to the
sixth embodiment except that the basic unit 126 based on the
layout of FIG. 27 is applied in place of the basic unit 116
based on the layout of FIG. 26. In this basic unit 126, pixel
electrode potential correcting capacitances are created by
making wiring patterns 127R, 127G, and 127B for connect-
ing transistors Q1R, Q1G, and Q1B to pixel electrodes 117R,
117G, and 117B in place of the pixel electrodes 117R, 117G,
and 117B of respective liquid crystal cells 102R, 102G, and
102B overlap corresponding scanning lines.

Hence, in the red liquid crystal cell 102R in FIG. 27, the
wiring pattern 127R for connecting the transistor Q1R to the
pixel electrode 117R is created without overlapping the cor-
responding scanning line at all. In the green liquid crystal cell
102G, on the other hand, the wiring pattern 127G for con-
necting the transistor Q1G to the pixel electrode 117G is
created so as to overlap the corresponding scanning line by a
predetermined area, whereby the pixel electrode potential
correcting capacitance CG of the green liquid crystal cell
102G is created. Further, in the blue liquid crystal cell 102B,
the wiring pattern 127B for connecting the transistor Q1B to
the pixel electrode 117B is created so as to overlap the cor-
responding scanning line in a larger area, whereby the pixel
electrode potential correcting capacitance CB of the blue
liquid crystal cell 102B is created.

Similar effects to those of the first embodiment can be
obtained even when pixel electrode potential correcting
capacitances are created by making wiring patterns for con-
necting transistors forming a selector to pixel electrodes over-
lap corresponding scanning lines as in the present embodi-
ment.

Eighth Embodiment

FIG. 28 is a plan view of a layout of a basic unit in a liquid
crystal display device according to an eighth embodiment of
the present invention. The liquid crystal display device
according to the present embodiment is formed in the same
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manner as the liquid crystal display device according to the
seventh embodiment except that the basic unit 136 based on
the layout of FIG. 28 is applied in place of the basic unit 126
based on the layout of FIG. 27.

In the basic unit 136 according to the present embodiment,
the aperture ratios of a red liquid crystal cell 102R, a green
liquid crystal cell 102G, and a blue liquid crystal cell 102B
are set in consideration of the transmittance of a color filter.
The areas of pixel electrodes 117R, 117G, and 117B of the red
liquid crystal cell 102R, the green liquid crystal cell 102G,
and the blue liquid crystal cell 102B are set to secure the
aperture ratios. More specifically, the aperture ratios of the
red liquid crystal cell 102R and the blue liquid crystal cell
102B are set to equal values, and the aperture ratio of the
green liquid crystal cell 102G is set to a value higher than the
aperture ratios of the red liquid crystal cell 102R and the blue
liquid crystal cell 102B. Thereby, in the basic unit 136, the
pixel electrodes 117R and 117B in the red liquid crystal cell
102R and the blue liquid crystal cell 102B are set in equal
areas, whereas the pixel electrode 117G in the green liquid
crystal cell 102G is set in an area larger than the pixel elec-
trodes 117R and 117B in the red liquid crystal cell 102R and
the blue liquid crystal cell 102B.

In addition, the liquid crystal cells 102G, 102R, and 102B
are arranged in order of the green liquid crystal cell 102G, the
red liquid crystal cell 102R, and the blue liquid crystal cell
102B so as to correspond to the settings of the aperture ratios.
Thereby a whiteness level and white luminance on a display
screen are optimized.

On the other hand, a general-purpose integrated unit is
applied as a horizontal driving unit and a vertical driving unit
for driving a display unit based on the basic unit 136. The
horizontal driving unit and the vertical driving unit set the
gradations of the respective liquid crystal cells 102G, 102R,
and 102B in the same order as in the foregoing sixth and
seventh embodiments. Incidentally, pixel electrode potential
correcting capacitances may be created by overlaps between
the pixel electrodes 117G and 117B and scanning lines as
described above in the sixth embodiment in place of overlaps
between wiring patterns 127G and 127B and the scanning
lines.

Similar effects to those of the foregoing embodiments can
be obtained even when the order of arrangement of the liquid
crystal cells and gradation setting order are changed as in the
present embodiment.

Ninth Embodiment

Effect of gate coupling of a next liquid crystal cell but one
on variation in pixel electrode potential may be ignored
depending on the layout of a substrate having pixel electrodes
arranged thereon, decreased amplitude of gate signals
GATER, GATEG, and GATEB, or the like.

Inthis case, when the gradations of respective liquid crystal
cells are set in order of arrangement of a basic unit, as shown
in FIGS. 29A to 29C3 by contrast with FIGS. 43A to 43C3,
voltage drops AVR and AVG of the pixel electrodes in the red
liquid crystal cell 102R and the green liquid crystal cell 102G
are substantially equal to each other. On the other hand, in the
case of the arrangement of the liquid crystal cells and the
gradation setting order in the constitution of the eighth
embodiment, as shown in FIGS. 30A to 30C3, voltage drops
AVG and AVB of the pixel electrodes in the liquid crystal
cells 102G and 102B disposed at both ends are substantially
equal to each other. Incidentally, FIG. 31 shows parasitic
capacitances affecting variations in pixel electrode potentials
in the case of the arrangement of the liquid crystal cells and
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the gradation setting order in the constitution of the foregoing
eighth embodiment by contrast with FIG. 42.

Accordingly, in the present embodiment, a pixel electrode
potential correcting capacitance is disposed ignoring effect of
gate coupling of a next liquid crystal cell but one in the
constitutions of the foregoing sixth to eighth embodiments. In
this case, when gate coupling of a next liquid crystal cell but
one is ignored, Equation (7) can be expressed by the follow-
ing equation.

CE + CgRG
CrotalR

_ CE+CG +CgGB
CrotalG

an

XAVg

Because CtotalR~CtotalG, the following relational equa-
tion can be obtained when this Equation (11) is rearranged.

CG=CgRG-CgGB 12)

When wiring patterns at respective liquid crystal cells are
laid out in the same manner, a relational equation
CgRG~CgGB holds. Thereby the pixel electrode potential
correcting capacitance CG in Equation (12) is a value of zero.
When the gate coupling of the next liquid crystal cell but one
is similarly ignored, Equation (9) can be expressed by the
following equation.

CE + CgRG
CrotalR

CE+CB
CrotalB

(13

g = XAVg

Setting CtotalG=CtotalB and rearranging this Equation
(13), the following relational equation can be obtained.

CB=CgRG 14)

Thus, when a pixel electrode potential correcting capaci-
tance is disposed ignoring effect of gate coupling of a next
liquid crystal cell but one in the constitution of the foregoing
sixth or seventh embodiment, it suffices to provide the pixel
electrode potential correcting capacitance CB to only the
liquid crystal cell 102B to which the pixel electrode potential
is set last. Thereby, in this case, the constitution of a display
panel can be simplified.

On the other hand, when a pixel electrode potential cor-
recting capacitance is disposed ignoring effect of gate cou-
pling of a next liquid crystal cell but one in the constitution
based on the arrangement of the liquid crystal cells and the
gradation setting order according to the foregoing eighth
embodiment, an analysis of variation in similar pixel elec-
trode potentials shows that it suffices to arrange substantially
identical pixel electrode potential correcting capacitances CG
and CB at the green liquid crystal cell 102G and the blue
liquid crystal cell 102B disposed at both ends.

According to the present embodiment, similar effects to
those of the foregoing embodiments can be obtained also
when effect of gate coupling of a next liquid crystal cell but
one can be ignored.

Tenth Embodiment

FIG. 32 is a block diagram showing a liquid crystal display
device according to a tenth embodiment of the present inven-
tion. This liquid crystal display device 141 for example dis-
plays a moving image or a still image based on video data
output from a tuner unit, an external device or the like not
shown in the figure on a display unit 142 by an analog driving
system, and displays various menu images and the like on the
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display unit 142 by a memory system. Incidentally, in this
case, the analog driving system is a system in which a con-
nection is established to the pixel electrode signal line of each
liquid crystal cell and a pixel electrode potential is set to the
potential of the signal line, and is a driving system of the
foregoing sixth to ninth embodiments.

In this liquid crystal display device 141, an interface (I/F)
143 is supplied with image data SDI formed by serial data
sequentially indicating the gradation of each pixel and vari-
ous timing signals synchronized with the image data SDI.
Incidentally, the image data SDIis image data to be displayed
on the display unit 142 by the analog driving system. In
addition, the interface 143 is supplied from a controller 144
with binary image data DV to be displayed on the display unit
142 by the memory system. The interface 143 outputs the
image data SDI and DV and the various timing signals input
to the interface 143 to respective parts under control of the
controller 144.

A timing generator (TG) 145 under control of the control-
ler 144 generates various timing signals necessary for the
memory system and the analog driving system, and then
outputs the various timing signals to a horizontal driving unit
146 and a vertical driving unit 147. The timing generator 145
also generates a driving power VCOM for a common elec-
trode of liquid crystal cells, and then outputs the driving
power VCOM to the display unit 142. Incidentally, the dis-
play unit 142 in the present embodiment may be a reflective
type, a transmissive type, or a combined type of a reflective
type and a transmissive type.

The horizontal driving unit 146 switches operation
between the analog driving system and the memory system
under control of the controller 144. In the analog driving
system, the horizontal driving unit 146 sequentially distrib-
utes the image data SDI input from the interface 143 to each
signal line SIG, subjects the image data SDI to digital-to-
analog conversion processing, and generates a driving signal
Ssig for each signal line SIG on the basis of field reversal,
frame reversal, line reversal, or the like. The horizontal driv-
ing unit 146 in the analog driving system outputs the driving
signal Ssig to each signal line SIG of the display unit 142.

The horizontal driving unit 146 in the memory system
outputs a driving signal Sdv corresponding to the logical
value of the binary image data DV output from the controller
144 to a corresponding signal line SIG, and thereafter outputs
a predetermined driving signal XCS to the signal line.

The vertical driving unit 147 switches operation between
the analog driving system and the memory system under
control of the controller 144. The vertical driving unit 147
outputs a predetermined driving signal to a scanning line of
the display unit 142.

The display unit 142 operates according to the various
signals output from the horizontal driving unit 146 and the
vertical driving unit 147 to display an image based on the
image data SDI or DV. FIG. 33 is a connection diagram
showing a basic unit of the display unit 142. In the basic unit
151 of FIG. 33, the same constituent elements as in the basic
unit 116 according to the sixth embodiment are identified by
the corresponding reference numerals, and repeated descrip-
tion thereof will be omitted.

The basic unit 151 in the analog driving system connects
liquid crystal cells 102R, 102G, and 102B to a signal line SIG
via a selector 103 and an NMOS transistor Q3 to sequentially
set the gradations of the respective liquid crystal cells 102R,
102G, and 102B. The basic unit 151 in the memory system
records a setting of the signal line SIG in a memory unit 152,
and thereafter sequentially sets the setting of the signal line
SIG which setting is recorded in the memory unit 152 to the
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liquid crystal cells 102R, 102G, and 102B by the selector 103,
the NMOS transistor Q3, and an NMOS transistor Q4, so that
the gradations of the liquid crystal cells 102R, 102G, and
102B are sequentially set.

The basic unit 151 sets the gradations of the liquid crystal
cells 102R, 102G, and 102B by the selector 103 in the same
order as described in the sixth and seventh embodiments.
Thus pixel electrode potential correcting capacitances CG
and CB are provided for the green liquid crystal cell 102G and
the blue liquid crystal cell 102B. Incidentally, the pixel elec-
trode potential correcting capacitances CG and CB are set in
the same manner as described in the sixth and seventh
embodiments. Incidentally, the gradations of the liquid crys-
tal cells 102R, 102G, and 102B may be set in the order
described in the eighth embodiment or the like, and a pixel
electrode potential correcting capacitance may be provided
by applying the method of the foregoing eighth embodiment
or the like.

That s, in the display unit 142, basic units as shown in FIG.
33 are arranged in the form of a matrix, and liquid crystal cells
102R, 102G, and 102B of red, green, and blue are arranged in
the form of a matrix, such that these liquid crystal cells 102R,
102G, and 102B continue sequentially and cyclically.

Storage capacitors CsR, CsG, and CsB of these liquid
crystal cells 102R, 102G, and 102B of red, green, and blue in
the basic unit 151 each have one terminal supplied with a
driving signal CS involved in a precharge process, and each
have another terminal connected to the pixel electrode of the
corresponding liquid crystal cells 102R, 102G, and 102B.
The common electrode of the liquid crystal cells 102R, 102G,
and 102B is supplied with the driving power VCOM whose
signal level is changed in such a manner as to be interlocked
with the driving signal CS.

The memory unit 152 in the basic unit 151 is an SRAM
(Static Random Access Memory) formed by a CMOS inverter
of an NMOS transistor Q5 and a PMOS transistor Q6 whose
gates are connected to each other and whose drains are con-
nected to each other and a CMOS inverter of a similar NMOS
transistor Q7 and a similar PMOS transistor Q8. The memory
unit 152 outputs an output RAM corresponding to the logical
level of the signal line SIG and an inverted output having an
opposite logical level from the output RAM to the NMOS
transistors Q3 and Q4, respectively. The memory unit 152
thereby subjects these transistors Q3 and Q4 to complemen-
tary on-off control. The memory unit 152 is connected to the
signal line SIG via an NMOS transistor Q11, which performs
an on operation according to a gate signal GATED.

In the basic unit 151, as shown in FIGS. 34A to 34F and
FIG. 35, in the case of the analog driving system, the hori-
zontal driving unit 146 and the vertical driving unit 147 set the
memory unit 152 in advance so that the transistor Q3 is set in
an on state (FIGS. 34D and 34E), and thereafter sequentially
change settings of the gate signals GATER, GATEG, and
GATEB (FIGS. 34B1 to 34B3), whereby the liquid crystal
cells 102R, 102G, and 102B are sequentially connected to the
signal line SIG, as shown in FIG. 35. Incidentally, FIG. 35 is
a diagram showing a simplified configuration of the basic unit
151 by contrast with FIG. 33 for the description of the con-
nection between the signal line SIG and the liquid crystal cells
102R, 102G, and 102B.

In the basic unit 151, in the case of the analog driving
system, the horizontal driving unit 146 sequentially sets the
driving signal Ssig of the signal line SIG to gradation voltages
R, G, and B indicating the gradations ofthe liquid crystal cells
102R, 102G, and 102B, respectively (FIG. 34A). The settings
of the gate signals GATER, GATEG, and GATEB are
changed sequentially in such a manner as to correspond to the
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settings of the signal line SIG (FIGS. 34B1 to 34B3). Thereby
the basic unit 151 sets pixel electrode potentials VR, VG, and
VB of the liquid crystal cells 102R, 102G, and 102B to the
gradation voltages R, G, and B by the driving signal Ssig.
Thereby the basic unit 151 sets the gradations of the liquid
crystal cells 102R, 102G, and 102B by the analog driving
system.

On the other hand, at a time of advance setting of the
memory unit 152 in the analog driving system, or at a time of
writing by the memory system, as shown in FIGS. 36 A to 36F
and FIG. 37, the basic unit 151 sets the transistors Q1R, Q1G,
and Q1B in an off state by the gate signals GATER, GATEG,
and GATEB (FIGS. 36B1 to 36B3 and 36C1 to 36C3), tem-
porarily lowers the power supply voltage VRAM of the
memory unit 152 to a voltage VDD corresponding to the
H-level of the signal line SIG (FIGS. 36A and 36D), and sets
the transistor Q11 in an on state by the gate signal GATED, so
that the memory unit 152 is connected to the signal line SIG
(FIG. 36E). Thereby the basic unit 151 sets the logical level of
the driving signal Sdv output to the signal line SIG in the
memory unit 152 (FIG. 36F). The basic unit 151 thereafter
raises the power supply voltage VRAM to a voltage VDD2
corresponding to the driving voltage of the liquid crystal cells
102R, 102G, and 102B (FIGS. 36D and 36F), and thus sets
the power supply voltage VRAM such that the transistors Q3
and Q4 can be controlled to be on or off. Incidentally, FIG. 37
is a diagram showing a simplified configuration of the basic
unit 151 shown in FIG. 33 for the description of the operation
of the memory unit 152.

In the basic unit 151, at a time of advance setting of the
memory unit 152 in the analog driving system, the signal line
SIG is set to an H-level by the horizontal driving unit 146, and
the above series of operations is performed, whereby the
memory unit 152 is set such that the transistor Q3 is set in an
on state. At a time of writing by the memory system, on the
other hand, the signal line SIG is set to the logical value of
image data DV by the horizontal driving unit 146, whereby
the logical value of the image data DV is set in the memory
unit 152. When the logical value is at an H-level, the memory
unit 152 is set such that the transistor Q3 is set in an on state.
When the logical value is at an L-level, on the other hand, the
memory unit 152 is set such that the transistor Q4 is set in an
on state.

Atatime of display by the memory system, in the basic unit
151, as shown in FIGS. 38A to 38G and FIG. 39, the inverted
signal XCS of the driving signal CS, the signal level of the
inverted signal XCS being changed complementarily to the
driving signal CS, is supplied from the horizontal driving unit
146 to the signal line SIG (FIGS. 38A and 38B). In addition,
the gate signals GATER, GATEG, and GATEB are supplied
from the horizontal driving unit 146 so as to make all of the
transistors Q1R, Q1G, Q1B, and Q2 perform an on operation
(FIGS. 38C1 to 38C3). The basic unit 151 selectively sets the
transistor Q3 or Q4 in an on state according to the logical
value set in the memory unit 152, and thereby selectively
supplies the inverted signal XCS or the driving signal CS to
the pixel electrodes of the liquid crystal cells 102R, 102G, and
102B (FIGS. 38D1 to 38D3). The liquid crystal cells 102R,
102G, and 102B are thereby set to a black gradation or a white
gradation in correspondence with the logical value of the
image data DV set in the memory unit 152. Incidentally, FIG.
39 is a diagram showing a simplified configuration of the
basic unit 151 shown in FIG. 33 for the description of the
display by the memory system.

According to the present embodiment, similar effects to
those of the foregoing embodiments can be obtained also in
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the case of the memory system and the case of switching
between the memory system and the analog driving system.

Eleventh Embodiment

It is to be noted that while in the foregoing embodiments,
description has been made of cases where a pixel electrode
potential correcting capacitance is created by changing the
size of the pixel electrode or changing the shape of a wiring
pattern to the pixel electrode, the present invention is not
limited to this. Various methods are widely applicable to a
method of creating a pixel electrode potential correcting
capacitance in for example a case of creating a pixel electrode
potential correcting capacitance by shifting the position of a
scanning line and thereby setting an amount of overlap
between the pixel electrode and the scanning line and a case
of creating a pixel electrode potential correcting capacitance
by creating a separate counter electrode.

In addition, in the foregoing embodiments, description has
been made of a case where three liquid crystal cells of red,
green, and blue are assigned to one selector. However, the
present invention is not limited to this. The present invention
is widely applicable to for example cases where two consecu-
tive liquid crystal cells are assigned to one selector and cases
where four or more liquid crystal cells are assigned to one
selector.

The present invention is applicable to a liquid crystal dis-
play device that switches operation between the analog driv-
ing system and the memory system, for example. In addition,
the present invention is applicable to a liquid crystal display
device based on the so-called intra-pixel selector system.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A liquid crystal display device for displaying a desired
image by a display unit, said display unit being formed by
sandwiching a liquid crystal layer between a thin film tran-
sistor substrate and a color filter substrate and arranging liq-
uid crystal cells formed by said liquid crystal layer in a form
of a matrix,

wherein said thin film transistor substrate is created by

disposing at least a transistor used to drive said liquid
crystal cell and a pixel electrode of said liquid crystal
cell on an insulating substrate, and

a part or all of a storage capacitor of an adjacent liquid

crystal cell is created in a layer below said pixel elec-
trode with a shield layer interposed between said pixel
electrode and said storage capacitor, and further wherein
the shield layer is maintained at a redetermined fixed
potential.

2. The liquid crystal display device according to claim 1,

wherein counter electrodes of said storage capacitor are

formed by a gate layer of said transistor and a wiring
layer of said transistor, and

said shield layer is formed by a wiring layer for connecting

said transistor to said pixel electrode.

3. The liquid crystal display device according to claim 1,

wherein said transistor is

a transistor of a memory unit, said memory unit being

assigned to a plurality of said liquid crystal cells adja-
cent to each other and recording a gradation of said
plurality of liquid crystal cells adjacent to each other,
and
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a transistor for setting the gradation of said liquid crystal

cells according to a recording of said memory unit.

4. The liquid crystal display device according to claim 1,

wherein said transistor is a transistor that switches opera-

tion between a memory system and an analog driving
system, and sets a gradation of said liquid crystal cell.

5. A liquid crystal display device for displaying a desired
image by a display unit, said display unit being formed by
sandwiching a liquid crystal layer between a thin film tran-
sistor substrate and a color filter substrate and arranging liq-
uid crystal cells formed by said liquid crystal layer in a form
of a matrix,

wherein said thin film transistor substrate is created by

disposing at least a transistor used to drive said liquid
crystal cell and a pixel electrode of said liquid crystal
cell on an insulating substrate, and

a storage capacitor of said liquid crystal cell is created by a

first counter electrode, a second counter electrode con-
nected to said pixel electrode, and a third counter elec-
trode connected to said first counter electrode in a layer
below said pixel electrode, and further wherein a shield
layer between the pixel electrode and the storage capaci-
tor is maintained at a predetermined fixed potential.

6. The liquid crystal display device according to claim 5,

wherein said first counter electrode is formed by a wiring

layer for connecting said transistor to said pixel elec-
trode,

said second counter electrode is formed by a wiring layer of

said transistor, and

said third counter electrode is formed by a gate layer of said

transistor.

7. An image displaying method of a liquid crystal display
device for displaying a desired image by a display unit, said
display unit being formed by sandwiching a liquid crystal
layer between a thin film transistor substrate and a color filter
substrate and arranging liquid crystal cells formed by said
liquid crystal layer in a form of a matrix, said image display-
ing method comprising the steps of:

forming said thin film transistor substrate by disposing at

least a transistor used to drive said liquid crystal cell and
a pixel electrode of said liquid crystal cell on an insulat-
ing substrate; and

creating a part or all of a storage capacitor of an adjacent

liquid crystal cell in a layer below said pixel electrode
with a shield layer interposed between said pixel elec-
trode and said storage capacitor, and further wherein the
shield layer is maintained at a predetermined fixed
potential.

8. An image displaying method of a liquid crystal display
device for displaying a desired image by a display unit, said
display unit being formed by sandwiching a liquid crystal
layer between a thin film transistor substrate and a color filter
substrate and arranging liquid crystal cells formed by said
liquid crystal layer in a form of a matrix, said image display-
ing method comprising the steps of:

forming said thin film transistor substrate by disposing at

least a transistor used to drive said liquid crystal cell and
a pixel electrode of said liquid crystal cell on an insulat-
ing substrate; and

creating a storage capacitor of said liquid crystal cell by a

first counter electrode, a second counter electrode con-
nected to said pixel electrode, and a third counter elec-
trode connected to said first counter electrode in a layer
below said pixel electrode, and further wherein a shield
layer between the pixel electrode and the storage capaci-
tor is maintained at a predetermined fixed potential.



US 7,940,343 B2

31 32
9. A liquid crystal display device for displaying a desired 10. The liquid crystal display device according to claim 9,
image by a display unit formed by sequentially arranging a wherein said capacitance is formed by an overlap between
basic unit, said pixel electrode and said scanning line.
wherein said basic unit includes 11. The liquid crystal display device according to claim 9,
a plurality of liquid crystal cells and 5 wherein said capacitance is formed by an overlap between
a selector for sequentially setting gradations of said plu- a wiring pattern to said pixel electrode and said scanning
rality of liquid crystal cells by sequentially setting line.
pixel electrodes of said plurality of liquid crystal cells 12. The liquid crystal display device according to claim 9,
to a setting of a signal line by a transistor performing wherein said basic unit further includes a memory unit for
on-off operation according to a gate signal, and 10 recording a setting of said signal line, and
a setting is made so as to increase a capacitance between said selector sequentially sets the gradations of said plu-
said pixel electrode of a liquid crystal cell to which a rality of liquid crystal cells by sequentially setting the
gradation is set later among said plurality of liquid setting of said signal line, the setting of said signal line
crystal cells and a scanning line for the corresponding being recorded in said memory unit, to said plurality of
said gate signal, and further wherein a shield layer 15 liquid crystal cells.

between the pixel electrode and the storage capacitor
is maintained at a predetermined fixed potential. ® ok H ok
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