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A liquid crystal device includes a lateral electric field mode
liquid crystal element that controls alignment of liquid crystal
molecules by applying an electric field in a direction of a
substrate plane to a liquid crystal layer. A voltage inverter
circuit is provided in each pixel circuit, and inverts a voltage
applied to the liquid crystal element by switching the supply
of each of the first and second voltages, supplied from a
memory circuit, to between a first pixel electrode and a sec-
ond pixel electrode of the liquid crystal element. A holding
capacitor holds a voltage applied to the liquid crystal element.
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LIQUID CRYSTAL DEVICE, PIXEL CIRCUIT,
ACTIVE MATRIX SUBSTRATE, AND

ELECTRONIC APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a liquid crystal

device, a pixel circuit, an active matrix substrate, and an
electronic apparatus.

[0003] 2. Related Art

[0004] A reflective liquid crystal device is, for example,
installed in an electronic apparatus, such as a cellular phone
terminal, a notebook personal computer or a reflective pro-
jector. The reflective liquid crystal device is configured so that
a liquid crystal layer is held between a glass or silicon sub-
strate, or the like, that is provided with, for example, data
lines, scanning lines, switching elements such as transistors,
electric charge storage capacitors, and reflective pixel elec-
trodes formed of aluminum, or the like, and a glass substrate,
orthelike, that is provided with an opposite electrode, and the
like, formed of a transparent conductive film. Because the
pixel electrodes are of a reflective type, the switching ele-
ments, such as transistors, may be provided under the pixel
electrodes. Thus, even when a resolution is increased, the
aperture ratio of the panel does not decrease and, therefore, it
is relatively easy to achieve both a high resolution and a high
luminance.

[0005] However, when an analog pixel circuit that holds a
pixel voltage by a holding capacitor is used, the voltage value
of the holding capacitor decreases with time, so that the
lightness and/or contrast of a display image may vary.
[0006] To solve the above problem, a liquid crystal device
has been proposed in which a 1-bit memory cell is arranged
under the reflective pixel electrode of each pixel (which s, for
example, described in JP-A-B-286170). In the liquid crystal
device that includes such a memory cell in each pixel, an
image signal supplied from a corresponding one of data lines
1s latched by the memory cell of each pixel and the signal is
then applied to the liquid crystal layer of the pixel. Each of the
memory cells holds the preceding signal until a new signal is
written thereto. In this manner, for example, after a still image
has been saved in the memory, another still image is dis-
played, and thereafter the saved still image is display again.
The thus display switching may be performed easily and
efficiently. In addition, by digitizing a pixel voltage, it is
possible to obtain such an advantageous effect that degrada-
tion of display quality due to crosstalk, or the like, hardly
occurs.

[0007] In the meantime, in order to prevent the occurrence
of a so-called burn-in (a phenomenon in which a display
image degrades because liquid crystal molecules are aligned
in the same specific direction) due to a direct-current voltage
applied to the liquid crystal, it is effective that the polarity of
a voltage applied to the liquid crystal is inverted periodically
(which is, for example, described in JP-A-5-303077).
[0008] Meanwhile, in a liquid crystal device that includes a
memory cell in each pixel, the configuration of a circuit that
inverts a voltage applied to the liquid crystal is, for example,
described in JP-A-2005-148453 and JP-A-2005-25048. The
technologies described in these publications are the same in
that the polarity of a voltage applied to one of electrodes of the
liquid crystal and a voltage applied to an opposite electrode
(common electrode) is inverted periodically. Note that, in the
technology described in JP-A-2005-148453, the supply of
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complementary signals acquired from an SRAM to the liquid
crystal is switched by turning on/off of transistors. On the
other hand, in the technology described in JP-A-2005-25048,
when an offset occurs at the time when a voltage applied to the
liquid crystal is inverted, it causes a burn-in. Thus, an offset
voltage of the voltage applied to the opposite electrode (com-
mon electrode) fine adjusted so that a response waveform
acquired from an optical sensor becomes the same in every
field.

[0009] Another example of a liquid crystal device has been
known, in which alignment of liquid crystal molecules is
controlled by applying a liquid crystal layer with an electric
field in a direction of the substrate plane (hereinafter, referred
to as “lateral electric field mode™), and, depending on the
form of electrodes that apply an electric field to the liquid
crystal, it may be called an IPS (In-Plane Switching) mode, an
FFS (Fringe-Field Switching) mode, or the like (which is, for
example, described in JP-A-2001-337339). The lateral elec-
tric field mode liquid crystal controls the state of transmission
of light by rotating horizontally aligned liquid crystal mol-
ecules in a lateral direction. Because the liquid crystal mol-
ecules are never inclined in a vertical direction, variation in
luminance and/or variation in color depending on a viewing
angle are small. Thus, the lateral electric field mode liquid
crystal is used when a high viewing angle characteristic and a
high-quality color developing property are required.

[0010] To prevent burn-in of a liquid crystal, it is necessary
to prevent a direct-current voltage from being applied to the
liquid crystal over a long period of time. FIG. 18A and FIG.
18B are views that show the operation necessary to prevent
the occurrence of burn-in in a liquid crystal device, in which
FIG. 18A is a view that shows the operation when a voltage is
applied to a liquid crystal, and FIG. 18B is a view that shows
the operation when no voltage is applied to the liquid crystal.
In FIG. 18A and FIG. 18B, a liquid crystal of a type in which
an electric field is applied to a liquid crystal layer vertically to
the substrate plane (for example, a TN liquid crystal) is used.

[0011] As shown in FIG. 18A, when a voltage is applied to
a liquid crystal 400, the polarity of a voltage applied to the
liquid crystal is, for example, periodically inverted in order to
prevent the occurrence of bumn-in. That is, the polarity of a
voltage applied to the terminals X1 and X2 shown in the
drawing is switched periodically. Note that the liquid crystal
400 includes a lower electrode Lp and an upper electrode
(common electrode) LCcom.

[0012] In addition, as shown in FIG. 18B, in order to pre-
vent the occurrence of burn-in when no voltage is applied to
the liquid crystal 400, it is important not to produce a direct-
current offset in such a manner that the lower electrode Lp and
the upper electrode (common electrode) L.Ccom are short-
circuited to be equipotential. Note that, in FIG. 18B, for the
sake of convenience, the electrodes of the liquid crystal is
short-circuited using a switch SW1; however, the short circuit
of the electrodes of the liquid crystal 400 is actually per-
formed by applying the same voltage to each of the elec-
trodes.

[0013] However, in the liquid crystal device that includes a
memory circuit in each pixel, it is actually difficult to perform
the ideal operation described schematically in FIG. 18A and
FIG. 18S (operation to invert polarity and operation to short-
circuit the electrodes for preventing burn-in).

[0014] FIG. 19A to FIG. 19C are views that illustrate prob-
lems, in a liquid crystal device that includes a memory circuit
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in each pixel circuit, when voltages applied to the electrodes
of a liquid crystal are inverted.

[0015] The mode in which voltages applied to the elec-
trodes of the liquid crystal are inverted includes a method, as
shown in FIG. 19A, in which the voltage (Vcom) applied to
the opposite electrode (common electrode) L.Ccom is fixed
and the polarity of the voltage (Vp) applied to the lower
electrode Lp is inverted, and a method, as shown in FIG. 19B,
in which the voltage (Vp) applied to the lower electrode Lp
and the voltage (Vcom) applied to the common electrode
LCcom are interchanged at the same time. Note that, in FIG.
19A to FIG. 19C, voltages applied to the liquid crystal are
respectively set to “5 V> and “0V”.

[0016] When the method shown in FIG. 19A is employed,
it is convenient because it is not necessary to change the
voltage (Veom=0 V) applied to the opposite electrode (com-
mon electrode) LCcom; however, the voltage (Vp) applied to
the lower electrode Lp needs to be changed relative to the
voltage Vcom. As a result, it is required to use a negative
power supply. It is unrealistic to operate the memory circuit
provided in each of the pixels with a negative power supply, so
that the method shown in FIG. 19A cannot be employed for
the liquid crystal device that uses the memory circuit.
[0017] Then, as shown in FIG. 19B, there is no other choice
but to employ the method in which the voltage (Vp) applied to
the lower electrode Lp and the voltage (Vcom) applied to the
common electrode LCcom are interchanged at the same time.
In this case, the problem is that, because the opposite elec-
trode (common electrode) LCcom is an electrode that is
shared by all the pixels of the liquid crystal device, the entire
liquid crystal layer held between the substrates functions as a
load capacity and, therefore, a change in voltage will be slow.
[0018] That is, as shown in FIG. 19C, in regard to the lower
electrode Lp, a load is small because the electrode corre-
sponds to one pixel. Thus, when the voltages applied to both
electrodes of the liquid crystal are inverted (at time t1), the
voltage (Vp) applied to the lower electrode Lp quickly
changes. In contrast, the voltage (Vcom) applied to the oppo-
site electrode (common electrode) LCcom changes slowly
because of a heavy load and, as shown in FIG. 19C, a voltage
is switched over a transition period T1 (from time t1 to time
t2). Accordingly, in the transition period T1, a voltage applied
to the liquid crystal gradually changes with time, and a
change in transmittance ratio of the liquid crystal in accor-
dance with the change in voltage is recognizable because of
the slow change. Thus, a flicker (visual flickering) is likely to
oceur.

[0019] Inaddition,inorderto perform the voltage inversion
control shown in FIG. 19B, it is necessary to separately con-
trol the voltage Vp and the voltage Vcom by separate control
circuits, so that a circuit configuration becomes complex.
[0020] FIG. 20A and FIG. 20B are views that illustrate
problems, in the liquid crystal device that includes a memory
circuit in each pixel circuit, when the electrodes of a liquid
crystal are short-circuited (the same electric potential). As
shown in FIG. 20A, both electrodes (Lp and LCcom) of the
liquid crystal 400 are applied with ground electric potentials
(GND1, GND2) from separate circuits (lines). However, the
ground electric potentials (GND1, GND2) applied to the elec-
trodes through the separate circuits (lines) may have a relative
difference therebetween because a variation in voltage level
occurs independently of each other.

[0021] Moreover, because the electrodes (Lp and LCcom)
of the liquid crystal each have a two-dimensional area and,
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therefore, their voltages (Vp and Vcom) scatter in the planes
of the electrodes. Thus, there is a possibility that a direct-
current offset will occur in the electrodes of each pixel.
[0022] Accordingly, as shown in FIG. 20B, there is a pos-
sibility that a direct-current offset voltage (AV) will occur at
the electrodes of each pixel of the liquid crystal 400. Note that
Vegnd1 and Vgnd2 in the drawing represent voltages of both
electrodes of each pixel by taking a voltage scatter in the
planes of the electrodes into consideration. Such a direct-
current offset voltage AV may cause a burn-in.

[0023] As described above, in the liquid crystal device that
includes a memory circuit in each pixel, it is difficult to
perform inversion of an applied voltage for preventing burn-
in without occurrence of a flicker and to realize a complete
short circuit that does not produce a direct-current offset. In
addition, because it is necessary to separately control the
voltages applied to the electrodes (Lp and L.Ccom) of the
liquid crystal, a circuit configuration for control becomes
complex.

[0024] Furthermore, the method to write image data
includes a line sequential driving method in which image data
are sequentially written to each of the pixel circuits connected
to one scanning line and, at the time when writing to all the
pixel circuits has been completed, the image data written to
each of the pixel circuits are displayed by the liquid crystal,
and a frame sequential driving method in which the operation
to sequentially write image data to each of the pixel electrodes
connected to one scanning line is sequentially performed for
the number of scanning lines and, at the time when writing to
all the pixel circuits has been completed, the image data
written to each of the pixel circuits are displayed by the liquid
crystal. However, even with any one of the methods, writing
the image data to the pixel circuits will be reflected on the
display screen and, therefore, it causes a flicker, or the like.

SUMMARY

[0025] An advantage of some aspects of the invention is
that an accurate inversion of an applied voltage is realized
while a flicker is being suppressed with a simple circuit con-
figuration and a simple control to thereby prevent the occur-
rence of burn-in, in addition, a short circuit of the electrodes
is realized without occurrence of a direct-current offset when
no voltage is applied to a liquid crystal, and, furthermore, line
sequential driving or frame sequential driving may be per-
formed while the operation in which data are written in units
of one scanning line or the operation in which data are written
in units of one frame does not influence a screen when display
data 1s updated in each pixel circuit.

[0026] (1) An aspect of the invention provides a liquid
crystal device. The liquid crystal device includes a lateral
electric field mode liquid crystal element, a memory circuit, a
voltage inverter circuit, and a holding capacitor. The lateral
electric field mode liquid crystal element controls alignment
of liquid crystal molecules by applying an electric field in a
direction of a substrate plane to a liquid crystal layer, and
includes a first pixel electrode and a second pixel electrode.
The memory circuit is provided in each pixel circuit and
functions as a source to supply a first voltage and a second
voltage. The voltage inverter circuit is provided in each pixel
circuit, and inverts a voltage applied to the liquid crystal
element by switching the supply of each of the first and
second voltages, supplied from the memory circuit, to
between the first pixel electrode and the second pixel elec-
trode of the liquid crystal element. The holding capacitor
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holds a voltage applied to the liquid crystal element. The
voltage inverter circuit includes a first switching element, a
second switching element, a third switching element, and a
fourth switching element. The first switching element and the
second switching element are connected in series between an
end of the memory circuit, from which the first and second
voltages are supplied, and a reference power supply electric
potential. The third switching element and the fourth switch-
ing element are connected in series between the end of the
memory circuit, from which the first and second voltages are
supplied, and the reference power supply electric potential.
One end of the holding capacitor is connected to at least one
of a common connecting point of the first and second switch-
ing elements and a connecting point of the third and fourth
switching elements. In addition, the first pixel electrode and
the second pixel electrode of the liquid crystal element are
respectively connected to the common connecting point of
the first and second switching elements and the common
connecting point of the third and fourth switching elements.
Whether to selectively turn on the first and fourth switching
elements, to selectively turn on the second and third switching
elements, or to turn off all the first to fourth switching ele-
ments, are controlled by switch control signals.

[0027] The lateral electric field mode liquid crystal has
such a structure that two electrodes corresponding to one
pixel are arranged on one of two substrates that interpose the
liquid crystal in between, and, in comparison to the case
where a common electrode (ILCcom) shared by all the pixels
is used as in the case of a TN liquid crystal, a load capacity is
small (that is, a load capacity of each pixel of the lateral
electric field mode liquid crystal is only a capacity corre-
sponding to one pixel). Thus, when voltages applied to the
liquid crystal are inverted, the voltage applied to each of the
electrodes quickly changes. In the aspect of the invention,
focusing on the above characteristic of the lateral electric field
mode liquid crystal, the lateral electric field mode liquid
crystal is actively employed. In addition, the memory circuit
only functions as a voltage supply source, and the exclusive
voltage inverter circuit performs inversion of voltages applied
to the liquid crystal. Thus, a new configuration of a pixel
circuit in which the function of supplying voltages and the
function of inverting voltages are completely separated is
employed. The voltage inverter circuit operates on the first
voltage or on the second voltage supplied from the memory
circuit (for example, a voltage of “5 V (VDD)” or “0 V
(GRND)” a corresponding to “1” or “0”) as a power supply
voltage. That is, the voltage inverter circuit operates in arange
between the power supply voltage supplied from the memory
circuit (first or second voltage) and the reference power sup-
ply electric potential (ground), and switches the supply of the
voltage, supplied from the memory circuit (first or second
voltage), and the reference power supply voltage (ground), to
between the first and second pixel electrodes of the lateral
electric field mode liquid crystal (that is, a path to supply each
voltage). That is, only the paths to supply voltages are
switched, and voltage sources are the same. Thus, voltage
values do not change before and after inversion of voltages.
Hence, an accurate voltage polarity inversion may be
achieved. In addition, even when the voltage level in each
pixel slightly changes due to the scatter of the liquid crystal
within the plane, because voltage sources in each pixel are the
same as described above, voltage values do not change before
and after inversion of voltages in that pixel and, as a result, a
direct-current offset does not occur in each pixel. In addition,
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because only the paths to supply voltages are switched, it is
possible to realize switching of voltage levels supplied to the
first and second pixel electrodes with a simple circuit at a
time. It is not necessary to control the voltage Vcom applied
to the common electrode and the voltage Vp applied to the
lower electrode using separate circuits, adjust the voltages
with high accuracy, and synchronize the timing to switch the
voltages as in the case of the existing art. The lateral electric
field mode liquid crystal quickly changes voltages applied to
the electrodes as described above and, therefore, is able to
respond quickly. Thus, a phenomenon in which the transmit-
tance ratio of the liquid crystal gradually changes in a transi-
tion period of a voltage as in the case of the existing art hardly
occurs, so that a flicker is suppressed. In addition, even when
the transmittance ratio of the liquid crystal changes with time,
the change is quick and, therefore, it is hardly recognized by
human eye. In terms of this point as well, a flicker is sup-
pressed. In addition, in a state when the reference power
supply voltage of the voltage inverter circuit is, for example,
a ground level, when the voltage supplied from the memory
circuit is set to 0'V, the voltages applied to both the electrodes
of theliquid crystal both become 0V accurately. Thus, a short
circuit is performed when no voltage is applied to the liquid
crystal and, at this time, a direct-current offset does not occur.
[0028] Moreover, the liquid crystal device according to the
aspect of the invention includes the holding capacitor that
holds the voltage applied to the liquid crystal element. Thus,
in a period when new display data is written to the memory
circuit in the pixel circuit, the transistors of the voltage
inverter circuit are all turned off using the switch control
signals. In this period, by applying the voltage of display data
held in the holding capacitor to the liquid crystal element, the
preceding display data is continuously displayed on the liquid
crystal element, so that writing of display data to the memory
circuit does not influence a screen. Thus, it is possible to
perform line sequential driving or frame sequential driving
without occurrence of a flicker.

[0029] (2) In the liquid crystal device according to the
aspect of the invention, the holding capacitor may be con-
nected between the common connecting point of the first and
second switching elements and the common connecting point
of the third and fourth switching elements.

[0030] An example of connection of the holding capacitor
is described. According to this configuration, it is possible to
display the preceding display data continuously on the liquid
crystal element in such a manner that, in a period when new
display data is written to the memory circuit in the pixel
circuit, the input of the voltage inverter circuit is made to enter
a floating state to thereby turn off all the switching elements
that constitute the voltage inverter circuit, and the voltage of
the display data held in the holding capacitor is applied to the
liquid crystal element.

[0031] (3) In the liquid crystal device according to the
aspect of the invention, one end of the holding capacitor may
be connected to the common connecting point of the first and
second switching elements or the common connecting point
of the third and fourth switching elements, wherein the other
end of the holding capacitor may be connected to a predeter-
mined direct-current electric potential.

[0032] Another example of connection of the holding
capacitor is described. According to this configuration, it is
possible to display the preceding display data continuously
on theliquid crystal element in such a manner that, ina period
when new display data is written to the memory circuit in the
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pixel circuit, the input of the voltage inverter circuit is made to
enter a floating state to thereby turn off all the switching
elements that constitute the voltage inverter circuit, and the
voltage of the display data held in the holding capacitor is
applied to the liquid crystal element.

[0033] (4) In the liquid crystal device according to the
aspect of the invention, each of the first, second, third and
fourth switching elements may be formed of the same con-
ductivity type transistor, wherein, in a period when a voltage
applied to the liquid crystal element is updated, the first and
third switching elements and the second and fourth switching
elements may be complementarily driven by the switch con-
trol signals having opposite phases from each other, and
wherein, in a period when a voltage applied to the liquid
crystal element is held in the holding capacitor, the first and
third switching elements and the second and fourth switching
elements all may be turned off by the switch control signals.

[0034] Each of the switching elements is formed of the
same conductivity type transistor (including a MOS transistor
and a bipolar transistor), turning on of the first to fourth
transistors is controlled by the complementary switch control
signals, and the switch control signals that are input to the
gates of the first to fourth transistors are, for example, all set
to a low level. Thus, in a period when the voltage applied to
the liquid crystal element is updated, the first to fourth tran-
sistors are all turned off. In this manner, a path that connects
the memory circuit to the liquid crystal element is discon-
nected. Thus, in this period, it is possible to update frame data
or line data in the memory circuits and, as a result, frame
sequential driving or line sequential driving may be per-
formed. The voltage supplied from the memory circuit is
directly applied to the source or drain of each of the first to
fourth MOS transistors; however, because the withstand volt-
age between the source and drain of each of the MOS tran-
sistors is considerably high, no problem occurs with the with-
stand voltage. In addition, because the memory circuit is
directly connected to the voltage inverter circuit (for example,
as described in JP-A-2005-25048, the gate/source channel of
the MOS transistor is not connected in a path to supply a
voltage to the liquid crystal), the high level side power supply
voltage value of the memory circuit and the high level side
power supply voltage value of the voltage inverter circuit may
be the same, and the gate electric potentials of four transistors
that constitute the voltage inverter circuit are supplied by the
switch control signals (S0 to Sn, /S0 to /Sn) from the outside
of the pixel array. Thus, it is possible to supply a selected
voltage (a voltage VDD+Vth, which the voltage of VDD
supplied from SRAM does not drop by Vth). In the technol-
ogy described in JP-A-2005-25048, it is necessary to set the
voltage supplied from SRAM to VDD+Vth, so that each of
the transistors that constitute the SRAM needs to be formed of
a high withstand voltage transistor. On the other hand, in the
aspect of the invention, it is advantageous in that, even when
the high withstand voltage transistors are not used to consti-
tute the SRAM, a VDD voltage may be applied to the liquid
crystal through the transistors that constitute the voltage
inverter circuit. Note that, in the case of the aspect of the
invention, a high voltage, such as (VDD+Vth), is applied to
the gates of the transistors that constitute the voltage inverter
circuit as S0 to Sn, /S0 to /Sn; however, the voltage withstand-
ing property is generally higher in source/drain (S/D) with-
stand voltage of a transistor than in gate withstand voltage
thereof. Thus, there is no problem. In addition, when the S/D
withstand voltage of the transistor is configured to be a high
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withstand voltage, the structure of the transistor needs to be
suitable for high withstand voltage, and, in addition, there
may be a problem that the size of S/D of the transistor
becomes large. However, when the gate withstand voltage is
configured to be a high withstand voltage, it is possible to
obtain a high withstand voltage transistor just by increasing
the thickness of a gate oxide film. Thus, it is easy to be
realized. In addition, the four transistors used for the voltage
inverter circuit are intended to apply the liquid crystal with
VDD or GND electric potential, so that the size (width and/or
length) of the transistors may be selected. However, when the
time to charge the liquid crystal is made equal to the time to
discharge the liquid crystal, the size of the four transistors are
desirably made equal. As described above, in the aspect of the
invention, it is not necessary to use a high withstand voltage
transistor for transistors that constitute the memory circuit
and/or transistors that constitute the voltage inverter circuit, it
is possible to form a compact pixel circuit, and the manufac-
turing process of the device does not become complex. Fur-
thermore, complementary or all low-level switch control sig-
nals may be versatilely used for a digital circuit and easily
generated.

[0035] In addition, according to the above configuration, a
voltage of display data is applied to the liquid crystal element
and the holding capacitor in a period when a voltage applied
to the liquid crystal element is updated in such a manner that
the first and fourth switching elements and the second and
third switching elements, which are provided in the voltage
inverter circuit, are complementarily driven, while, on the
other hand, it is possible to display the preceding display data
continuously on the liquid crystal element in such a manner
that, in a period when new display data is written to the
memory circuit in the pixel circuit, the input of the voltage
inverter circuit is made to enter a floating state to thereby turn
off all the switching elements that constitute the voltage
inverter circuit, and the voltage of the display data held in the
holding capacitor is applied to the liquid crystal element.

[0036] Thus, it is possible to apply a voltage of the preced-
ing display data held in the holding capacitor to the liquid
crystal element, new display data is not displayed on the
screen in a period when the new display data is written, and
data are collectively updated at the time when writing to all
the pixel circuits connected to one scanning line has been
completed when writing is performed in units of scanning
line and when writing to all the pixel circuits connected to all
the scanning lines have been completed when writing is per-
formed in units of frame. Thus, it is possible to prevent a
flicker, or the like, and thereby possible to realize a high
resolution image by means of frame sequential driving or line
sequential driving.

[0037] (5) In the liquid crystal device according to the
aspect of the invention, in a period when display data is
written to each memory circuit provided in each of the pixel
circuits and connected to the one scanning line, the first and
third switching elements and the second and fourth switching
elements, which constitute the voltage inverter circuit pro-
vided in each of the pixel circuits connected to the one scan-
ning line may be all turned off, wherein, when writing of the
display data to each memory circuit provided in each of the
pixel circuits and connected to the one scanning line has been
completed, the first and second switching elements and the
third and fourth switching elements are turned on and a volt-
age of the updated display data is applied to the liquid crystal
element.
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[0038] The operation when line sequential driving is per-
formed is described. The first to fourth switching elements
provided in the voltage inverter circuit are all turned off in a
period when new display data is written to each memory
circuit provided in each of the pixel circuits connected to one
scanning line. Thus, a voltage of display data held in the
holding capacitor is applied to the liquid crystal element and
the preceding display data is displayed on the liquid crystal
element. At the time when the writing has been completed,
one of the switch control signals is set to a high level, and the
other is set to a low level. Thus, the voltage inverter circuit is
driven and, as a result, it is possible to collectively update
display data in the liquid crystal element and the holding
capacitor with new display data. In this case, because writing
operation of display data is performed by means of line
sequential driving, the process of writing display data to each
of the pixel circuits connected to one scanning line will not be
displayed on the screen. Thus, a flicker is prevented and,
thereby, the liquid crystal device may have a high resolution
display quality.

[0039] (6) In the liquid crystal device according to the
aspect of the invention, in a period when display data is
written to each memory circuit provided in each of the pixel
circuits and connected to all the scanning lines, the first and
third switching elements and the second and fourth switching
elements, which constitute the voltage inverter circuit pro-
vided in each of the pixel circuits connected to all the scan-
ning lines, may be all turned off, wherein, when writing of the
display data to each memory circuit provided in each of the
pixel circuits and connected to all the scanning lines has been
completed, the first and second switching elements and the
third and fourth switching elements are turned on and, as a
result, a voltage of the updated display data is applied to the
liquid crystal element.

[0040] The operation when frame sequential driving is per-
formed is described. The first to fourth switching elements
provided in the voltage inverter circuit are all turned off in a
period when new display data is written to each memory
circuit provided in each of the pixel circuits connected to all
the scanning lines that constitute one screen. Thus, a voltage
of display data held in the holding capacitor 1s applied to the
liquid crystal element and the preceding display data is dis-
played on the liquid crystal element. At the time when the
writing to the one screen has been completed, one of the
switch control signals is set to a high level, and the other is set
to alow level. Thus, the voltage inverter circuit is driven and,
as a result, it is possible to collectively update display data in
the liquid crystal element and the holding capacitor with new
display data. In this case, because writing operation of display
data is performed by means of frame sequential driving, the
process of writing display data to each of the pixel circuits
connected to all the scanning lines will not be displayed on the
screen. Thus, a flicker is prevented and, thereby, the liquid
crystal device may have a high resolution display quality.
[0041] (7) In the liquid crystal device according to the
aspect of the invention, each of the memory circuits may be an
SRAM memory cell that holds a 1-bit data.

[0042] The SRAM cell includes a high resistance SRAM
cell that has a flip-flop load formed with high resistance (for
example, a resistance formed by ion implantation) and a full
CMOS cell that is formed of MOS transistors, including a
load. Furthermore, the SRAM cell includes a latch cell that
forms a flip-flop using a plurality of inverters.
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[0043] (8) In the liquid crystal device according to the
aspect of the invention, the lateral electric field mode liquid
crystal element may be an IPS (In-Plane Switching) mode
liquid crystal element.

[0044] The IPS mode liquid crystal is used as the lateral
electric field mode liquid crystal.

[0045] (9) in the liquid crystal device according to the
aspect of the invention, the liquid crystal device may be a
reflective liquid crystal device, wherein each of the memory
circuits and each of the voltage inverter circuits may be
arranged in an element forming region below the first and
second pixel electrodes formed of a material that reflects
light.

[0046] In the case of the reflective liquid crystal, it is pos-
sible to provide an element forming region below each pixel
electrode. Because the voltage inverter circuit according to
the embodiment of the invention is simplified, it is not diffi-
cult to arrange the memory circuit and the voltage inverter
circuit in a space formed below each of the pixel electrodes.
Thus, without increasing an area occupied by the pixel circuit,
it is possible to form the pixel circuit according to the aspects
of the invention.

[0047] (10) Another aspect of the invention provides a pixel
circuit. The pixel circuit includes a memory circuit, a voltage
inverter circuit, and a holding capacitor. The memory circuit
functions as a source to supply a first voltage and a second
voltage. The voltage inverter circuit inverts a voltage applied
to the liquid crystal element by switching the supply of each
of the first and second voltages, supplied from the memory
circuit, to between the first pixel electrode and the second
pixel electrode of the liquid crystal element. The holding
capacitor holds a voltage applied to the liquid crystal element
at the time when writing of data to the memory circuit has
been completed.

[0048] The configuration of the pixel circuit, to which the
liquid crystal layer has not connected yet, is described.
[0049] (11)Yet another aspect of the invention provides an
active matrix substrate. The active matrix substrate includes a
first pixel electrode, a second pixel electrode, a memory cir-
cuit, a voltage inverter circuit, and a holding capacitor. The
first pixel electrode and the second pixel electrode are used to
apply an electric field to a liquid crystal layer of a lateral
electric field mode liquid crystal element. The memory circuit
is provided in each pixel circuit and functions as a source to
supply a first voltage and a second voltage. The voltage
inverter circuit is provided in each pixel circuit and inverts a
voltage applied to the liquid crystal element by switching the
supply of each of the first and second voltages, supplied from
the meniory circuit, to between the first pixel electrode and
the second pixel electrode of the liquid crystal element. The
holding capacitor holds a voltage applied to the liquid crystal
element.

[0050] The configuration of the active matrix substrate is
described.
[0051] (12) Further another aspect of the invention pro-

vides an electronic apparatus that includes the liquid crystal
device according to the aspects of the invention.

[0052] The liquid crystal device according to the embodi-
ment of the invention may be, for example, mounted on an
electronic apparatus, such as a sub-panel of a cellular phone,
a low power consumption notebook personal computer, or a
reflective projector. A flicker of a still image in accordance
with voltage inversion is suppressed, so that it is possible to
display a high-quality image. Moreover, occurrence of a
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direct-current offset is reduced and, thereby, a burn-in hardly
occurs, so that degradation of display image quality with time
hardly occurs.

[0053] Inthis manner, according to the aspects of the inven-
tion, it is possible to realize inversion of an applied voltage
with high accuracy while suppressing a flicker with a simple
circuit configuration and a simple control. In addition, it is
possible to not only realize a short circuit state that does not
produce a direct-current offset when no voltage is applied to
the liquid crystal, but also apply a voltage of the preceding
display data held in the holding capacitor to the liquid crystal
element even in a period when new display data is written.
Thus, new data is notdisplayed on the screen in a period when
new display data is being written. At the time when writing to
all the pixel circuits connected to one scanning line has been
completed when writing is performed in units of scanning
line, or at the time when writing to all the pixel circuits
connected to all the scanning lines has been completed when
writing is performed in units of frame, data are collectively
updated, so that a flicker. or the like, is prevented and, as a
result, it is possible to realize a high resolution image by
means of frame sequential driving or line sequential driving.
[0054] As described above, according to the aspects of the
invention, an accurate inversion of an applied voltage is real-
ized while a flicker is being suppressed with a simple circuit
configuration and a simple control to thereby prevent the
occurrence of burn-in. In addition, a short circuit of the elec-
trodes may be performed without occurrence of a direct-
current offset when no voltage is applied to the liquid crystal.
Furthermore, when display data are updated in pixel circuits,
the operation in which data are written in units of one scan-
ning line or the operation in which data are written in units of
one frame does not influence a screen to thereby allow line
sequential driving or frame sequential driving.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0056] FIG.11is aview that shows the configuration of one
pixel in a liquid crystal device according to an embodiment of
the invention.

[0057] FIG. 2A, FIG. 2B and FIG. 2C are views, each of
which shows an example of a circuit configuration of a
memory circuit (memory cell) shown in FIG. 1.

[0058] FIG. 3 is a circuit diagram that shows an example of
a specific circuit configuration of a pixel circuit.

[0059] FIG. 4A, FIG. 4B and FIG. 4C are views, each of
which illustrates polarity inversion operation of a voltage
applied to a liquid crystal by a voltage inverter circuit.
[0060] FIG.5A is atiming chart that shows the operation of
the memory circuit, and FIG. 5B is a timing chart that shows
the operation of the voltage inverter circuit.

[0061] FIG. 6isablock diagram that shows one example of
a general configuration of the liquid crystal device according
to the embodiment of the invention.

[0062] FIG. 7 is a block diagram that illustrates an opera-
tion in the liquid crystal device that performs frame sequential
driving in writing display data according to the embodiment
of the invention.

[0063] FIG. 8 is an operation timing chart of the liquid
crystal device that performs frame sequential driving in writ-
ing display data according to the embodiment of the inven-
tion.
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[0064] FIG. 9 is a block diagram that illustrates an opera-
tion in the liquid crystal device that performs line sequential
driving in writing display data according to the embodiment
of the invention.

[0065] FIG. 10 is an operation timing chart of the liquid
crystal device that performs line sequential driving in writing
display data according to the embodiment of the invention.
[0066] FIG. 11 is another operation timing chart of the
liquid crystal device that performs line sequential driving in
writing display data according to the embodiment of the
invention.

[0067] FIG. 12 is a view that shows a cross-sectional struc-
ture of a relevant part of an active matrix substrate according
to the embodiment of the invention.

[0068] FIG. 13 is a cross-sectional view of the cross-sec-
tional structure of the liquid crystal device (lateral electric
field mode liquid crystal device) that uses the active matrix
substrate shown in FIG. 12.

[0069] FIG. 14A,F1G. 14B and FIG. 14C are views, each of
which illustrates a circuit configuration and the operation of a
voltage inverter circuit according to an alternative embodi-
ment.

[0070] FIG. 15 is a perspective view of a mobile terminal
(including a cellular phone, a PDA terminal, and a mobile
personal computer) that is provided with a sub-panel.
[0071] FIG. 16 is a perspective view of a portable informa-
tion terminal (a PDA, a personal computer, a word processor,
or the like) that uses the liquid crystal device according to the
embodiment of the invention.

[0072] FIG. 17 is a view that shows the schematic configu-
ration of a relevant part of a projector (projection display
device) that uses the reflective liquid crystal device according
to the embodiment of the invention as an optical modulator.
[0073] FIG. 18A and FIG. 18B are views that show the
operation necessary to prevent the occurrence of burn-in in a
liquid crystal device.

[0074] FIG. 19A to FIG. 19C are views that illustrate prob-
lems when voltages applied to the electrodes of a liquid
crystal are inverted in a liquid crystal device that includes a
memory circuit in each pixel circuit.

[0075] FIG. 20A and FIG. 20B are views that illustrate
problems when the electrodes of a liquid crystal are short-
circuited (in the same electric potential) in a liquid crystal
device that includes a memory circuit in each pixel circuit.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0076] An embodiment of the invention will now be
described. Note that the embodiment described below is not
intended to limit the scope of the invention recited in the
appended claims, and it is not necessary to include all the
components described in the embodiment for solution of the
invention.

[0077] An embodiment of the invention will now be
described with reference to the drawings.

First Embodiment

[0078] First, the basic configuration of one pixel will be
described.
Basic Configuration of One Pixel

[0079] FIG. 1isa view that shows the configuration of one
pixel in a liquid crystal device according to an embodiment of
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the invention. As shown in FIG. 1, the one pixel is configured
to include a pixel circuit 50 and a lateral electric field mode
liquid crystal (here, an IPS mode liquid crystal is used; how-
ever, the liquid crystal is not limited to it) 30.

[0080] The lateral electric field mode liquid crystal is a
liquid crystal that performs alignment control of liquid crystal
molecules by applying a liquid crystal layer with an electric
field in a direction of the substrate plane. Depending on the
form of the electrodes that apply an electric field to the liquid
crystal, an IPS (In-Plane Switching) mode, an FFS (Fringe-
Field Switching) mode, and the like, are known. The lateral
electric field mode liquid crystal has such a structure that two
electrodes corresponding to one pixel are arranged on one of
two substrates that interpose the liquid crystal in between,
and, in comparison to the case where a common electrode
(LCcom) shared by all the pixels is used as a TN liquid
crystal, aload capacity is small (that s, aload capacity of each
pixel of the lateral electric field mode liquid crystal is only a
capacity corresponding to one pixel). Thus, when a voltage
applied to the liquid crystal is inverted, the voltage of each
electrode quickly changes. In the aspect of the invention,
focusing on the above characteristic of the lateral electric field
mode liquid crystal, in order to accelerate a change in a
voltage applied to each of the electrodes by reducing a load,
the lateral electric field mode liquid crystal is actively
employed.

[0081] Note thatthe structure of the IPS modeliquid crystal
device will be described with reference to FIG. 12 and FIG.
13 later. As is apparent from FIG. 12, the IPS mode liquid
crystal device is configured so that first and second pixel
electrodes (formed of an optically reflective material) 218a,
218b are arranged on the side of the same substrate in prox-
imity to each other and an electric field E is applied horizon-
tally in a direction of the substrate plane.

[0082] In addition, the pixel circuit 50 includes a pixel
selection transistor (NMOS transistor) M1, a memory circuit
10, a voltage inverter circuit (path switching portion) 20, and
a holding capacitor 32. The gate of the pixel selection tran-
sistor M1 1s connected to a corresponding one of scanning
lines (WL) and one end (source or drain) thereof is connected
to acorresponding one of data lines (DL). The memory circuit
10 functions as a voltage supply source. The voltage inverter
circuit 20 is used to invert a voltage applied to each of the
electrodes of the liquid crystal. The holding capacitor 32
holds a voltage that is equal to the voltage applied to the
electrodes of the liquid crystal.

[0083] The memory circuit 10 operates in a range between
a high level side power supply voltage (VDD: 5 V) applied
through a first power supply line (L1a) and a ground electric
potential (GND) applied through a second power supply line
(L2a). A binary voltage corresponding to black or white (for
example, a first voltage: VDD (5 V) and a second voltage:
GND (0V)) is written to the memory circuit 10 through the
data line (DL). The memory circuit 10 serves to supply a
voltage (VDD or GND) written therein to the voltage inverter
circuit 20 as a power supply voltage, and is not involved in
inversion of a voltage applied to the liquid crystal.

[0084] The voltage inverter circuit (path switching portion)
20 is connected between a voltage supply end (Q) of the
memory circuit 10 and a reference power supply electric
potential (GND). The voltage inverter circuit 20 operates on
VDD (5 V) supplied from the memory circuit 10 as a high
level side power supply voltage. The low level side power
supply voltage (GNU) is supplied through the second power
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supply line (I.24). Switch control signals S0 to Sn, SO to /Sn,
which are in opposite phase, for path switching are input to
the voltage inverter circuit 20, and a voltage supply path to the
liquid crystalis switched at a timing at which voltage levels of
the switch control signals SO to Sn, /S0 to /Sn are inverted. At
this time, for the holding capacitor 32 as well, a voltage
supply path to the holding capacitor 32 is switched at this
timing. In addition, in a period when new display data is
written to the memory circuit 10, each of the switch control
signals SO to Sn is controlled not to become an opposite
phase, the input of the voltage inverter circuit is made to enter
a floating state, and a voltage of the display data, held in the
holding capacitor 32, is applied to the electrodes of the liquid
crystal. Then, at the time when writing of the new display data
to the memory circuit 10 has been completed, the switch
control signals S0 to Sn, /S0 to /Sn, which are in opposite
phase, for path switching are input to the voltage inverter
circuit 20 again.

[0085] As showninFIG. 1, a line 16 supplies the memory
circuit 10 with the power supply electric potential VDD of the
first power supply line (I1a). In addition, a line .25 supplies
the voltage inverter circuit 20 with the power supply electric
potential GND with the second power supply line (I.2a). In
addition, a line L.2¢ supplies the memory circuit 10 with the
power supply electric potential GND of the second power
supply line (L2a). Furthermore, a line L3 supplies the voltage
inverter circuit 20 with the binary voltage (VDD or GND)
output from the voltage supply end (Q) of the memory circuit
10.

[0086] The ground line that supplies the memory circuit 10
with a ground electric potential and the ground line that
supplies the voltage inverter circuit 20 with a ground electric
potential are the same in the pixel circuit 50. That is, the
ground lines (L.2a,1.25,1.2¢) are the same ground line (that is,
not a ground line that belongs to another system). Thus, the
ground electric potential (0 V) supplied from the memory
circuit 10 always coincides with the ground electric potential
(0 V), which serves as a reference power supply electric
potential (GND) of the voltage inverter circuit 20, and there is
no relative difference in electric potential (that is, as one of the
ground electric potentials varies, the other also varies, so that
there is no relative difference in electric potential). This
means that a direct-current offset does not occur when the
liquid crystal 30 is short-circuited by applying 0 V to the
electrodes of the liquid crystal 30 from the voltage inverter
circuit 20.

Example of Configuration of Memory Cell

[0087] FIG. 2A to FIG. 2C are views, each of which shows
an example of a circuit configuration of the memory circuit
(memory cell) 10 shown in FIG. 1. Each memory circuit 10 is
an SRAM (static random access memory) type memory cell.
[0088] In the memory cell (latch memory cell) shown in
FIG. 2A, a flip-flop that holds a 1-bit data is formed of an
inverter INV1 having a large driving capability and an
inverter INV?2 having a small driving capability.

[0089] The memory cell (high resistance memory cell)
shown in FIG. 2B includes two transfer transistors (NMOS
transistors that function as pixel selection transistors) ml and
M2, NMOS transistors M4 and M6 that constitute a flip-flop,
and load resistances R1 and R2. Two data lines (DL, /DL) that
supply complementary signals are provided as data lines.
[0090] The memory cell shown in FIG. 2C is a full CMOS
memory cell. The basic configuration of the memory cell
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shown in FIG. 2C is the same as that of the memory cell
shown in FI1G. 25. However, the load of the flip-flop is formed
of PMOS transistors M3 and M5. Two data lines (DL, /DL)
that supply complementary signals are provided as data lines.

Configuration of Pixel Circuit

[0091] FIG. 3 is a circuit diagram that shows an example of
a specific circuit configuration of the pixel circuit 50. In FIG.
3, the full CMOS memory cell, shown in FIG. 2C, is used as
the memory circuit 10.

[0092] In addition, the voltage inverter circuit 20 includes
NMOS ftransistors (M7, M8) and NMOS transistors (M9,
M10). The NMOS transistors (M7, M8) are connected in
series between the voltage supply end (Q) of the memory
circuit 10 and the reference power supply electric potential
(GND) and respectively serve as first and second switching
elements. Similarly, the NMOS transistors (M9, M10) are
connected in series between the voltage supply end (Q) of the
memory circuit 10 and the reference power supply electric
potential (GND) and respectively serve as third and fourth
switching elements.

[0093] The first and second electrodes (denoted by the ref-
erence numerals 218a, 2185 in FIG. 13) of the lateral electric
field mode liquid crystal (IPS mode liquid crystal element) 30
and the holding capacitor 32 are connected to a common
connecting point (c) of the NMOS transistors (M7, M8),
which serve as the first and second switching elements, and a
common connecting point (d) of the NMOS transistors (M9,
M10), which serve as the third and fourth switching elements.
[0094] Then, each ofthe switch control signals (S0 to Sn) is
input to the gates of the NMOS transistors (M7, M10), which
serve as the first and fourth switching elements. and whether
the NMOS transistors (M7, M10) simultaneously turn on or
turn off is controlled by each of the switch control signals (S0
to Sn).

[0095] Similarly, each of the switch control signals (/S0 to
/Sn), which are in opposite phase to the switch control signals
S0 to Sn, is input to the gates of the NMOS transistors (M8,
M?9), which serve as the second and third switching elements,
and whether the NMOS transistors (M8, M9) simultaneously
turn on or turn off is controlled by each of the switch control
signals (/SO to /Sn).

[0096] That is, the NMOS transistors (M7, M8) are a set of
transistors that are connected in series between the voltage
supply end (Q) of the memory circuit 10 and the reference
power supply electric potential (GND). Similarly, the third
and fourth transistors (M9, M10) also are a set of transistors
that are connected in series between the voltage supply end
(Q) of the memory circuit 10 and the reference power supply
electric potential (GND). Then, the sets of transistors (M7 and
M8, M9 and M10) are connected in parallel with each other
between the voltage supply end (Q) of the memory circuit 10
and the reference power supply electric potential (GND). The
common connecting points (¢, d) of the respective sets of two
NMOS transistors are electrically connected to the first and
second pixel electrodes (denoted by the reference numerals
218a,218b1n F1G. 13) of the liquid crystal element 30 and the
holding capacitor 32.

[0097] Then, when one of the one set of transistors (here,
the first NMOS transistor (M7)) turns on and supplies a volt-
age from the memory circuit 10 to one of the electrodes (2184
in FIG. 13) of the liquid crystal element 30 and the holding
capacitor 32, one of the other set of transistors (here, the
fourth NMOS transistor M10) turns on and supplies the ref-
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erence power supply electric potential (ground electric poten-
tial) to the other one of the electrodes (2185 in FIG. 13) of the
liquid crystal element 30 and the holding capacitor 32.
[0098] Similarly, when the other one of the other set of
transistors (here, the third NMOS transistor (M9)) turns on
and supplies a voltage from the memory circuit 10 to the one
of the electrodes (218a in FIG. 13) of the liquid crystal ele-
ment 30 and the holding capacitor 32, the other one of the one
set of transistors (here, the second NMOS transistor M8)
turns on and supplies the reference power supply electric
potential (ground electric potential) to the other one of the
electrodes (2185 in FIG. 13) of the liquid crystal element 30
and the holding capacitor 32.

[0099] In addition, in a period when new data is written to
the memory circuit 10, each of the switch control signals (S0
to Sn, /S0 to /Sn) that are input to the gates of the NMOS
transistors (M7, M10), which serve as the first and fourth
switching elements, and to the gate of the NMOS transistors
(M8, M9), which serve as the second and third switching
elements, are controlled to turn off these all NMOS transis-
tors (M7, M8, M9, M10), and then the voltage of the display
data held in the holding capacitor 32 is applied to the elec-
trodes of the liquid crystal element 30. Thus, the preceding
display data is displayed on the liquid crystal element 30.
Then, at the time when writing of new data to the memory
circuit 10 has been completed, in order to drive the voltage
inverter circuit, as described above, the switch control signals
(S0 to Sn, /S0 to /Sn) are generated as signals in opposite
phase and are supplied to the gates of the NMOS transistors
(M7, M10), which serve as the first and fourth switching
elements, and to the gates of the NMOS transistors (M8, M9),
which serve as the second and third switching elements.
[0100] In addition, as described above, the ground electric
potential of the memory circuit 10 and the ground electric
potential of the voltage inverter circuit 20 are supplied
through the common ground line (L2 (specifically, L.2a, L.25,
L2c¢)). In this manner, when the ground electric potential is
supplied to the electrodes (218a, 2185) of the liquid crystal
element 30 and the holding capacitor 32, there is no relative
difference in voltage level. Thus, a direct-current offset does
not occur and, therefore, a burn-in phenomenon never occurs.
[0101] In addition, in the circuit shown in FIG. 3, the volt-
age supplied from the memory circuit 10 is directly applied to
one end (source or drain) of each of the upper side NMOS
transistors (M7, M9) that constitute the voltage inverter cir-
cuit 20. In general, the withstand voltage between the source
and drain of a MOS transistor is higher than the withstand
voltage between the gate and source thereof, so that there is no
problem in withstand voltage.

[0102] In addition, in the case of the pixel circuit shown in
FIG. 3, the memory circuit 10 is directly connected to the
voltage inverter circuit 20. For example, as desctibed in JP-A-
2005-25048, the gate/source channel of the MOS transistor is
not connected in a path to supply a voltage to the liquid
crystal. Thus, the high level side power supply voltage (VDD)
values of the memory circuit 10 and voltage inverter circuit 20
may be the same (that is, VDDs are all 5V), so that the sizes
of the MOS transistors (M1 to M10) that constitute the cir-
cuits (10, 20) may be the same. For example, it is not neces-
sary to use a high withstand voltage transistor for the transis-
tors (M1 to M5) that constitute the memory circuit 10.
[0103] In addition, the complementary switch control sig-
nals (S0 to Sn, /S0 to /Sn) that are used to drive the voltage
inverter circuit are signals versatilely used for a digital circuit
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and are easily generated. Particularly, it is easy to acquire the
complementary clock switch control signals (S0 to Sn, /S0 to
/Sn) on the basis of a timing pulse used in digital gray-scale
driving that uses PWM.

[0104] In addition, in the pixel circuit shown in FIG. 3, in
terms of usability, it is desirable that the VDD (5 V) supplied
from the memory circuit 10 becomes a high level side power
supply voltage of the voltage inverter circuit 20 as it is, and the
VDD (5 V) is directly supplied to one of the electrodes (218a
in FIG. 13) of the liquid crystal element 30 and the holding
capacitor 32. In order to achieve the above situation, it is
necessary that a voltage drop does not occur between the
source/drain of each of the NMOS transistors (M7, M9). For
this purpose, it is only necessary to supply a gate voltage that
is sufficiently able to turn on the first and third NMOS tran-
sistors (M7, M9).

[0105] Specifically, the gates of the first and third NMOS
transistors (M7, M9) only need to be driven by each of the
switch control signals (S0to Sn or /S0 to /Sn) of voltage levels
that are equal to or more than (5 V (VDD)+threshold voltage
(Vth)). It is not so difficult to boost the switch control signals
S0 to Sn or /S0 to /Sn to a voltage that exceeds the VDD. For
example, it is easy to obtain the voltage by boosting the power
supply voltage (VDD) using a bootstrap circuit, so that there
is no problem for realizing the gate driving method of the
above described NMOS transistors.

[0106] Here, the holding capacitor 32 may be connected
between the common connecting point (c) of the NMOS
transistors (M7, M8), which serve as the first and second
switching elements, and the connecting point (d) of the
NMOS transistors (M9, M10), which serve as the third and
fourth switching elements, or the holding capacitor 32 may be
configured so that one end of the holding capacitor 32 is
connected to any one of the connecting point (¢) of the NMOS
transistors (M7, M8), which serve as the first and second
switching elements, and the connecting point (d) of the
NMOS transistors (M9, M10), which serve as the third and
fourth switching elements, and the other end of the holding
capacitor 32 is connected to a predetermined direct-current
electric potential (in FIG. 3, a holding capacitor 32' of the
above described connection configuration is shown by dotted
line). In any one of the connection methods, the holding
capacitor 32 is able to display the preceding display data
continuously on the liquid crystal element 30 in such a man-
ner that, in a period when new display data is written to the
memory circuit 10 in the pixel circuit 50, the input of the
voltage inverter circuit 20 is made to enter a floating state to
turn off all the NMOS transistors (M7, M8, M9, M10), which
serve as the switching elements and constitute the voltage
inverter circuit 20, and the voltage of the display data held in
the holding capacitor 32 is applied to the liquid crystal ele-
ment 30.

Basic Operation of Voltage Inverter Circuit

[0107] FIG. 4A to FIG. 4C are views, each of which illus-
trates polarity inversion operation of a voltage applied to the
liquid crystal by the voltage inverter circuit.

[0108] FIG.4A is a view that shows a state where the liquid
crystal element 30 and the holding capacitor 32 connected in
parallel with the liquid crystal element 30 are connected to the
voltage inverter circuit 20. In FIG. 4B, the first and fourth
NMOS transistors (M7, M10) turn on and a voltage is applied
to both of the electrodes of the liquid crystal element 30 and
the holding capacitor 32 along a path indicated by a wide line.
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In FIG. 4C, the second and third NMOS transistors (M8, M9)
turn on and a voltage is applied to both of the electrodes of the
liquid crystal element 30 and the holding capacitor 32 along
a path indicated by a wide line.

[0109] In the state shown in FIG. 4B, the voltage supplied
from the memory circuit 10 is applied to the upper side
electrode of the liquid crystal element 30 and the upper side
electrode of the holding capacitor 32, and the reference power
supply electric potential (GND) is applied to the lower side
electrode of the liquid crystal element 30 and the lower side
electrode of the holding capacitor 32. In contrast, in the state
shown in FIG. 4C, the voltage supplied from the memory
circuit 10 is applied to the lower side electrode of the liquid
crystal element 30 and the lower side electrode of the holding
capacitor 32, and the reference power supply electric poten-
tial (GND) is applied to the upper side electrode of the liquid
crystal element 30 and the upper side electrode of the holding
capacitor 32. In this manner, by switching a path along which
a voltage is applied, it is possible to quickly switch a voltage
applied to the liquid crystal element 30 and the holding
capacitor 32.

[0110] In addition, as is apparent from FIG. 4B and FIG.
4C, only the path along which a voltage is applied is switched,
and the voltage source (source) of a voltage applied to the
liquid crystal element 30 and the holding capacitor 32 is not
changed. That is, the voltages applied to the liquid crystal
element 30 and the holding capacitor 32 are a voltage sup-
plied from the memory circuit 10 and the reference power
supply electric potential (GND) of the voltage inverter circuit
20. This is common to the states shown in FIG. 4A and FIG.
4B. Thus, there is no variation in voltage value before and
after polarity inversion, so that an accurate polarity inversion
is ensured and such voltage inversion may be easily per-
formed.

[0111] The circuit according to the present embodiment
never requires such a complicated control that, as in the case
of the existing art, the voltage (Vp) of the lower electrode and
the voltage (Vcom) of the opposite electrode (common elec-
trode) are separately controlled, thelevels of both voltages are
adjusted with high accuracy and then the timing to apply the
voltages 1s adjusted.

Specific Operation of Memory Circuit and Voltage Inverter
Circuit

[0112] FIG. 5A and FIG. 5B are timing charts that indicate
an operation timing of the pixel circuit shown in FIG. 3, FIG.
5A is a timing chart that shows the operation of the memory
circuit, and FIG. 5B is a timing chart that shows the operation
of the voltage inverter circuit.

[0113] First, the operation of the memory circuit 10 will be
described with reference to FIG. SA. At time t1, the scanning
line WL changes from a low level to a high level, and, at time
12, the electric potential of the data line DL changes from a
high level to a low level. In contrast, the voltage at a point
(output point of SRAM) shown in FIG. 3 changes from a high
level to a low level, and the voltage of b point (another output
point of SRAM, which functions as the voltage supply end Q
of the memory circuit) changes from a low level to a high
level.

[0114] At time t3, the scanning line WL changes to a low
level, and, after that, changes to a high level again at time 4.
Thereafter, at time t5, the electric potential of the data line
(/DL) changes from a high level to a low level. In contrast, the
voltage at a point (output point of SRAM) shown in FIG. 3
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changes from a low level to a high level, and the voltage at b
point (another output point of SRAM, which functions as the
voltage supply point Q of the memory circuit) changes from
a high level to a low level.

[0115] Next, the operation of the voltage inverter circuit 20
will be described. As shown in FIG. 5B, the voltage levels of
the complementary switch control signals (S0 to Sn, /S0 to
/Sn) are periodically inverted. In a period when each of the
switch control signals S0 to Snis at ahigh level (t11tot12,t13
to t14,t16 to t17, t18 to t19, 121 to t22), a voltage is applied to
the liquid crystal element 30 and the holding capacitor 32
along a path indicated by the wide line in FIG. 4B. At this
time, the electric potential at ¢ point is equal to the electric
potential at b point (that is, the voltage supply end Q of the
memory circuit 10), and the electric potential at d point is
equal to the reference power supply electric potential (ground
electric potential: GND).

[0116] On the other hand, in a period when each of the
switch control signals (/S0 to /Sn) is at a high level (t12 to t13,
t14 to t16, t17 to 18, t19 to t21), a voltage is applied to the
liquid crystal element 30 and the holding capacitor 32 along
a path indicated by the wide line in FIG. 4C. At this time, the
electric potential at d point is equal to the electric potential at
b point (that is, the voltage supply end Q of the memory
circuit 10), and the electric potential at ¢ point is equal to the
reference power supply electric potential (ground electric
potential: GND).

[0117] Then, the electric potential at b point (that is, the
voltage supply end Q of the memory circuit 10) changes from
a high level to a low level at time t15 shown in FIG, 5B and
changes from a low level to a high level at time t20. That is,
this period is a period when new display data is written to the
memory circuit 10 in order to update the display data. Thus,
when no holding capacitor 32 is provided, in this period, the
liquid crystal element 30 connected to each of the pixel cir-
cuits 50 is influenced because of writing of new display data
to the memory circuit 10. Thus, it is impossible to stably
display an image, and a flicker will occur on the screen.
However, because the liquid crystal device according to the
embodiment of the invention is provided with the holding
capacitor 32, the voltage of the preceding display data is
applied to the holding capacitor 32 until time t15. Thus, in the
liquid crystal element 30, irrespective of writing of new dis-
play data to the memory circuit, the preceding data are con-
tinuously displayed on the liquid crystal element 30. That is,
as shown in FIG. 1, in a period when new display data is
written to the memory circuit, the switch control signals S0 to
Sn, /S0 to /Sn that are complementarily generated in the other
period are controlled to turn off the NMOS transistors (M7,
M8, M9, M10, which serve as the switching elements in the
voltage inverter circuit 20, and the voltage of display data held
in the holding capacitor 32 is applied to the electrodes on both
sides of the liquid crystal element 30. Thus, even in a period
when new display data is being written in the memory circuit
10, until the time when writing of display data to all the
memory circuits connected to one scanning line has been
completed, the preceding display data is continuously dis-
played on the liquid crystal element, so that the update of the
display data does not appear on the screen and, thereby, it is
possible to prevent a flicker, or the like.

General Configuration of Liquid Crystal Device

[0118] FIG. 6isablock diagram that shows one example of
a general configuration of the liquid crystal device according
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to the embodiment of the invention. In the liquid crystal
device shown in FIG. 6, the digital gray-scale driving mode
employs equal interval sub-field driving (which is a mode in
which one field period is divided into sub-fields having equal
intervals, and then turning on/off of the liquid crystal element
30 in each of the sub-fields is controlled) is employed (how-
ever, the driving mode is not limited to it).

[0119] The liquid crystal device shown in FIG. 6 performs
grayshade with 256 gray-scale levels by means of driving
using PWM. The number of pixels is 1024x769. The number
of pixels per line by which data can be transmitted at a time is
128. The display panel is driven on the basis of equal interval
sub-field.

[0120] As shown in the drawing, the liquid crystal device
includes a timing pulse generating circuit 1, a scanning line
driving circuit 2, a data line driving circuit 3, a display
memory 4, an image display area 5 that includes a plurality of
pixel circuits (50a, 505, . . . ), and a gray-scale memory 6.
[0121] The timing pulse generating circuit 1 generates a
horizontal synchronizing signal, a vertical synchronizing sig-
nal, a sub-field timing pulse, a scanning line driving circuit
start signal, a data line driving circuit start signal YSP, a Y
clock signal YCLK, an X clock signal, clock timing pulses
(CLK2, CLK3), and the like, on the basis of a basic clock
pulse CLK1, and outputs them to the scanning line driving
circuit 2 and the data line driving circuit 3.

[0122] The scanning line driving circuit 2 sequentially out-
puts a “H (high)” level signal to each of the scanning lines
(WL) at a timing of the above described scanning line driving
pulse. In addition, the scanning line driving circuit 2 also
outputs the switch control signals (S0 to Sn, /S0 to /Sn) that
will be supplied to the voltage inverter circuit 20 of each of the
pixel circuits (50a, 505, . . .).

[0123] Thedisplay memory 4 is a memory that temporarily
stores display data supplied from the outside. The display
memory 4 includes the same numbers of storage slots as the
number of pixels formed in the image display area 5. The
display memory 4 temporarily stores display data ofone field.
The display data are, for example, 8-bit gray-scale data that
indicate the gray-scale level of a display luminance and take
the value of “0” to “255”. For example, “0” indicates black
color, and “255” indicates white color. Display data VD read
from the display memory 4 are supplied to the data line
driving circuit 3.

[0124] In addition, the gray-scale memory 6 is a memory
that stores a sub-field number corresponding to display data
in advance, and the sub-field number corresponding to each
pieces of display data is stored in the gray-scale memory 6.
Data VS read from the gray-scale memory 6 are supplied to
the data line driving circuit 3.

[0125] The data line driving circuit 3 reads the display data
VD from the display memory 4 for every scanning line, and
converts the read display data VD into the sub-field number
on the basis of the content of the above described gray-scale
memory 6. Then, each of the pixels is driven on the basis of a
signal of a scanning line driving system, a sub-field timing
pulse and the above described sub-field number.

[0126] In regard to the complementary switch control sig-
nals (S0 to Sn, /S0 to /Sn) that will be supplied to the voltage
inverter circuit 20 included in each of the pixel circuits (50q,
50, .. .), the control signals S, /S are generated on the basis
of various timing pulses (CLK3) output from the timing pulse
generating circuit 1 and, on the basis of the signals S, /S, the
switch control signals S0 to Sn, /S0 to /Sn are generated.
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Thus, in the liquid crystal device shown in FIG. 6, a simple
circuit needs to be provided to generate the control signals (S,
/S, S0 to Sn, /S0 to /Sn) and, hence, it is possible to simplify
the circuit configuration (system configuration).

Frame Sequential Driving in Writing Display Data

[0127] FIG. 7 is a block diagram that illustrates an opera-
tion in the liquid crystal device that performs frame sequential
driving in writing display data according to the embodiment
of the invention. As shown in the drawing, the liquid crystal
device includes the scanning line driving circuit 2, the data
line driving circuit 3, and an image display area 5 that
includes the plurality of pixel circuits (50a, 506, . . . ). Note
that the description of the configuration of the liquid crystal
device described with reference to FIG. 6 will be omitted. The
scanning line driving circuit 2 is formed of a first scanning
line driving circuit 2A and a second scanning line driving
circuit 2B. The first scanning line driving circuit 2A sequen-
tially outputs a “H (high)” level signal to the scanning lines
(WL) at a timing of the scanning line drive start signal YSP. In
addition, the second scanning line driving circuit 2B outputs
the complementary switch control signals S0 to Sn, /S0 to /Sn
that will be supplied to the voltage inverter circuit 20 included
in each of the pixel circuits (50a, 505, .. . ). That is, the second
scanning line driving circuit 2B includes a sequential logic
circuit, for example, a counter circuit 52, such as a shift
register, and a driving circuit 54. The Y clock signal YCLK is
input to the counter circuit 52 from a timing circuit shown in
FIG. 6, and the output signals S, /S are output from the counter
circuit 52 to the signal lines S, S2. The driving circuit 54 is
connected to the signal lines S, S2 and provided for the
scanning lines WL. The driving circuit 54 outputs the comple-
mentary switch control signals (S0 to Sn, /S0 to /Sn) that will
be supplied to the voltage inverter circuit 20 in each of the
pixel circuits (500 to 50 m) connected to one scanning line on
the basis of the output signals S, /S from the counter circuit
52. In the liquid crystal device according to the embodiment
of the invention, in order to perform frame sequential driving
in writing display data, all the scanning lines WL0 to WLn are
sequentially selected, and, for each scanning line, the pixel
circuits connected to the selected scanning line are selected so
that the data lines are sequentially selected by the data line
selection switch 56. Thus, display data are sequentially writ-
ten to the pixel circuits connected to the one scanning line. At
the time when writing of display data to all the pixel elec-
trodes that constitute one screen has been completed, all
pieces of display data are displayed on the liquid crystal
elements. Hence, the display data for one frame are displayed.
[0128] Next, writing of display data in the liquid crystal
device, according to the embodiment of the invention, that
performs frame sequential driving in writing display data will
be described with reference to FIG. 8. FIG. 8 is an operation
timing chart of the liquid crystal device that performs frame
sequential driving in writing display data according to the
embodiment of the invention.

[0129] The timing pulse generating circuit generates the
scanning line driving circuit start signal YSP and the Y clock
signal YCLK on the basis of the clock signal CLK1 input from
the outside. The scanning line driving circuits 2A, 2B are
started by the scanning line driving circuit start signal YSP,
and the scanning line driving circuit 2A selects the scanning
line WL0 on the basis of the Y clock signal YCLK. Ina period
when the scanning line WL0 is selected, all the data lines DL0
to DLm connected to the scanning line WL0 are sequentially
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selected, so thatdisplay data Vid. DATA1 are transmitted from
the data line driving circuit to the pixel circuits 500 to 50 m
connected to the data lines DL0 to DLm. In this manner, the
display data Vid.DATAL1 are written to all the pixel circuits 50
connected to one scanning line WL0, and, subsequently, the
display data Vid.DATA1 are written to all the pixel circuits
500 to 50 m connected to the scanning line WL1. Similarly,
the display data Vid.DATA1 are written to all the pixel circuits
50 connected to the scanning line WLn. Here, the scanning
line driving circuit start signal YSP and the Y clock signal
YCLK are also input from the timing pulse generating circuit
to the scanning line driving circuit 2B, and, in the counter
circuit 52, low level counter output signals S, /S are respec-
tively output to the signal lines S1, S2. Then, the driving
circuit 54, when receiving the low level counter output signals
S, /8, outputs the low level switch control signals S0 to Sn, /S0
to /Sn to be supplied to all the pixel circuits 50.

[0130] In this display period (0), a voltage of the display
data Vid.DATAO that has been written before the display
period (0) is supplied from the holding capacitor 32 to the
liquid crystal element 30 connected to the voltage inverter
circuit 20 and is continuously displayed on the liquid crystal
element 30.

[0131] The period enters a data update period (1) in such a
manner that a data line DLn is selected in the display period
(0). The data update period (1) is short, and, when the counter
output signal S changes to a high level, the switch control
signals SO to Sn become a high level. Thus, a high level signal
is input to the gates of the NMOS transistors (M7, M10)
shown in FIG. 3, so that the NMOS transistors (M7, M10)
turn on. In the display period (0), the display data Vid. DATA1
written to the memory circuit 10 is displayed on the liquid
crystal element 30, while the display data is updated by apply-
ing the voltage of the display data Vid.DATAL1 to the holding
capacitor 32. Then, as the display data has been updated, the
counter output signal S becomes a low level and, in accor-
dance with that, each of the switch control signals S0 to Sn
also becomes a low level. Thus, the data update period (1)
ends.

[0132] Next, the scanning line driving circuit 2A selects the
scanning line WL0 on the basis of the Y clock signal YCLK.
As the scanning line WL0 s selected, all the data lines DL0 to
DLm connected to the scanning line WL0 are sequentially
selected. Thus, the display data Vid.DATA2 are transmitted
from the data line driving circuit to the pixel circuits 50
connected to these data lines DL0 to DLm. In this manner, the
display data Vid.DATA2 are written to all the pixel circuits 50
connected to the one scanning line WL0, and, subsequently,
the display data Vid.DATA?2 are written to all the pixel circuits
50 connected to the scanning line WL 1. Similarly, the display
data Vid.DATA2 are written to all the pixel circuits 50 con-
nected to the scanning line WLn. Here, the Y clock signal
YCLK is alsoinput from the timing pulse generating circuit to
the scanning line driving circuit 2B, and, in the counter circuit
52, low level counter output signals S, /S are respectively
output to the signal lines S1, S2. Then, the driving circuit 54,
when receiving the low level counter output signals S, /S,
outputs the low level switch control signals S0 to Sn, /S0 to
/Sn to be supplied to all the pixel circuits 50.

[0133] In this display period (1), a voltage of the display
data Vid. DATA1 that has been written to the pixel circuit 50 in
the preceding display period (0) before the display period (1)
is supplied from the holding capacitor 32 to the liquid crystal
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element 30 connected to the voltage inverter circuit 20 and is
continuously displayed on the liquid crystal element 30.
[0134] The period enters a data update period (2) in such a
manner that a data line DLn is selected in the display period
(1). In the data update period (2), because the path in the
voltage inverter circuit 20 is switched, when the counter out-
putsignal /S changes to a high level, the switch control signals
/S0 to /Sn become a high level. Thus, a high level signal is
input to the gates of the NMOS transistors (M8, M9) shown in
FIG. 3, so that the NMOS transistors (M8, M9) turn on. In the
screen display period (1), the display data Vid. DATA2 written
to the memory circuit 10 is displayed on the liquid crystal
element 30, while the display data is updated by applying the
voltage of the display data Vid. DATA2 to the holding capaci-
tor 32. Then, as the display data has been updated, the counter
output signal /S becomes a low level and, in accordance with
that, each of the switch control signals /S0 to /Sn also
becomes a low level. Thus, the data update period (2) ends.
[0135] In this manner, the voltage of display data that will
be updated in a data update period is not only supplied to the
liquid crystal element 30 but also supplied to the holding
capacitor 32 connected to the liquid crystal element 30, so
that, in a period when new display data is written to the
memory circuit 10 in the pixel circuit 50, the input of the
voltage inverter circuit 20 is made to enter a floating state to
thereby apply the voltage of the display data held in the
holding capacitor 32 to the liquid crystal element 30. Thus,
the preceding display data is displayed on the liquid crystal
element 30. While the display data are being updated in the
memory circuit 10, the process of updating display data does
not appear on the screen and, hence, it is possible to prevent
the occurrence of a flicker, or the like.

First Embodiment of Line Sequential Driving in
Writing Display Data

[0136] FIG. 9 is a block diagram that illustrates an opera-
tion in the liquid crystal device that performs line sequential
driving in writing display data according to the embodiment
of the invention. As shown in the drawing, the liquid crystal
device includes the scanning line driving circuit 2, the data
line driving circuit 3, and the image display area 5 that
includes the plurality of pixel circuits (500 to 50 m). Note that
the description of the configuration of the liquid crystal
device described with reference to FIG. 6 will be omitted. The
scanning line driving circuit 2 is driven by the scanning line
driving circuit start signal YSP and sequentially outputs a “H
(high)” level signal to the scanning lines (WL) at a timing of
the Y clock signal YCLK. In addition, the scanning line driv-
ing circuit 2 outputs the switch control signals S0 to Sn, /S0 to
/Sn that will be supplied to the voltage inverter circuit 20
included in each of the pixel circuits (500 to 50 m). That is, the
scanning line driving circuit 2 includes a sequential logic
circuit, for example, the counter circuit 52, such as a shift
register, and the driving circuit 54. The Y clock signal YCLK
is input to the counter circuit 52 from the timing pulse gen-
erating circuit 1 shown in FIG. 6, and the output signals S, /S
are output from the counter circuit 52 respectively to the
signal lines S1, S2. The driving circuit 54 is connected to the
signal lines S1, S2 and provided for the scanning lines. The
driving circuit 54 inputs reset signals rst0 to rstn that will be
supplied at output portions of the scanning line driving circuit
at a predetermined timing (in a data update period). The
driving circuit 54 is alogic circuit, for example, AND circuits
AND1 to ANDn, AND2 to AND2#, that inputs output signals
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S, /S and reset signals rst0 to rstn from the counter circuit 52.
The driving circuit 54 outputs the switch control signals (S0
to Sn, /S0 to /Sn) that will be supplied to the voltage inverter
circuit 20 in each of the pixel circuits (500 to 50 m) connected
to one scanning line. In the liquid crystal device according to
the embodiment of the invention, in order to perform line
sequential driving in writing display data, one scanning line is
selected, and the data line selection switches 56 are switched
for the pixel circuits connected to the one scanning line to
thereby sequentially write display data. At the time when the
writing of new display data to all the pixel circuits connected
to the one scanning line has been completed, new display data
corresponding to the one scanning line are displayed on the
liquid crystal elements. Similarly, the scanning lines WL2 to
WLn are sequentially selected, and new display data are
sequentially written to the pixel circuits 50 connected to the
one scanning line. At the time when writing has been com-
pleted, the newly written display data are displayed on the
liquid crystal elements. Thus, the display data for all the pixel
circuits that constitute one screen are displayed on the liquid
crystal elements.

[0137] Next, the operation of the liquid crystal device that
performs line sequential driving in writing display data
according to the embodiment of the invention will be
described with reference to FIG. 10. FIG. 10 is an operation
timing chart of the liquid crystal device that performs line
sequential driving in writing display data according to the
embodiment of the invention.

[0138] The timing pulse generating circuit 1 generates the
scanning line driving circuit start signal YSP and the Y clock
signal YCLK onthe basis of the clock signal CLK1 input from
the outside. The scanning line driving circuit 2 is started by
the scanning line driving circuit start signal YSP, and the
scanning line driving circuit 2 selects the scanning line WL0
on the basis of the Y clock signal YCLK.

[0139] As the scanning line WL0 is selected, all the data
lines DLO to DLm connected to the scanning line WL0 are
sequentially selected. Thus, the display data Vid. DATA1 are
transmitted from the data line driving circuit to the pixel
circuits 50 connected to these data lines DLO to DLm. In this
manner, the display data Vid.DATA1 are written to all the
pixel circuits 50 connected to the one scanning line WL0.
[0140] On the other hand, at this time, the Y clock signal
YCLK is input from the timing pulse generating circuit 1, and
a low level counter output signal S is output to the signal line
S1 and a high level counter output signal /S is output to the
signal line S2 in the counter circuit 52, while a low level reset
signal rst0 is output from the scanning line driving circuit 2 in
the data update period (1). Thus, a low level switch control
signal S0 is output through an AND circuit AND1, and a low
level switch control signal /S0 is output through an AND
circuit AND2. Thus, because the input of the voltage inverter
circuit 20 in the pixel circuit 50 shown in FIG. 3 is made to
enter a floating state, in the data update period (1), a voltage of
display data Vid.DATAO that has been written in the preced-
ing display period (0) before the display period (1) is supplied
from the holding capacitor 32 to the liquid crystal element 30
connected to the voltage inverter circuit 20 and continuously
displayed on the liquid crystal element 30. Then, as the reset
signal rst0 is set to a high level, S0, which is an output of the
AND circuit ANDI1, becomes alow level, and /S0, which is an
output of the AND circuit AND2, becomes a high level. Then,
the gates of the NMOS transistors (M8, M9) shown in FIG. 3
are supplied with a high level signal /S0 and thereby the
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NMOS transistors (M8, M9) turn on. Because of this, the
display data VinDATAL1 is displayed on the liquid crystal
element 30, and a voltage of the display data VinDATAL1 is
held in the holding capacitor 32.

[0141] Similarly, the display data Vid. DATA1 are written to
the pixel circuits 50 connected to the scanning lines WL1 to
WLn. In the data update period (1) when the scanning line
WLn is selected, a low level reset signal rstn is supplied, and
the switch control signals Sn and /Sn corresponding to the
selected scanning line both are set to a low level. Thus,
because the input of the voltage inverter circuit 20 in the pixel
circuit 50 shown in FIG. 3 is made to enter a floating state, in
the data update period (1), a voltage of display data Vid.
DATAO that has been written in the preceding display period
(0) before the display period (1) is supplied from the holding
capacitor 32 to the liquid crystal element 30 connected to the
voltage inverter circuit 20 and continuously displayed on the
liquid crystal element 30. Then, as the reset signal rstn is set
to a high level, Sn, which is an output of the AND circuit
AND1, becomes a low level, and /Sn, which isan output of the
AND circuit AND2, becomes a high level. Then, the gates of
the NMOS transistors (M8, M9) shown in FIG. 3 are supplied
with ahigh level signal /Sn and thereby the NMOS transistors
(M8, M9) turn on. Because of this, the display data Vin-
DATAL1 is displayed on the liquid crystal element 30, and a
voltage of the display data VinDATA1 is held in the holding
capacitor 32. In this manner, the display data Vid.DATA1 are
written to all the pixel circuits 50 connected to the scanning
lines WL1 to WLn. Thus, writing of the display data for one
frame ends.

[0142] Similarly, In regard to writing of display data for the
second frame as well, the timing pulse generating circuit 1
generates the scanning line driving circuit start signal YSP
and the Y clock signal YCLK on the basis of the clock signal
CLK1 input from the outside. The scanning line driving cir-
cuits 2 is started by the scanning line driving circuit start
signal YSP, and the scanning line driving circuit 2 selects the
scanning line WL0 on the basis of the Y clock signal YCLK.
As the scanning line WL0 is selected, all the data lines DL0 to
DLm connected to the scanning line WL0 are sequentially
selected. Thus, the display data Vid.DATA2 are transmitted
from the data line driving circuit to the pixel circuits 50
connected to these data lines DL0 to DLm. In this manner, the
display data Vid.DATA2 are written to all the pixel circuits 50
connected to one scanning line WL0.

[0143] On the other hand, at this time, the Y clock signal
YCLK is input from the timing pulse generating circuit 1, and
ahighlevel counter output signal S is output to the signal line
S1 and a low level counter output signal /S is output to the
signal line S2 in the counter circuit 52, while a low level reset
signal rst0 is output from the scanning line driving circuit 2 in
the data update period (2). Thus, a low level switch control
signal S0 is output through the AND circuit ANDI, and a low
level switch control signal /SO is output through the AND
circuit AND2. Thus, because the input of the voltage inverter
circuit 20 in the pixel circuit 50 shown in FIG. 3 is made to
enter a floating state, in the data update period (2), a voltage of
display data Vid.DATA1 that is written in the preceding dis-
play period (1) before the display period (2) is supplied from
the holding capacitor 32 to the liquid crystal element 30
connected to the voltage inverter circuit 20 and continuously
displayed on the liquid crystal element 30. Then, as the reset
signal rst0 is set to a high level and the data update period (2)
ends, S0, which is an output of the AND circuit ANDI1,
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becomes a high level, and /S0, which is an output of the AND
circuit AND2, becomes a low level. Then, the gates of the
NMOS transistors (M7, M10) shown in FIG. 3 are supplied
with ahigh level signal /S0 and thereby the NMOS transistors
(M7, M10) turn on. Because of this, the display data Vin-
DATA2 is displayed on the liquid crystal element 30, and a
voltage of the display data VinDATA?2 is held in the holding
capacitor 32.

[0144] Similarly, the display data Vid. DATA2 are written to
the pixel circuits 50 connected to the scanning lines WL1 to
WLn. In the data update period (2) when the scanning line
WLn is selected, a low level reset signal rstn is supplied, and
the switch control signals Sn and /Sn corresponding to the
selected scanning line both are set to a low level. Thus,
because the input of the voltage inverter circuit 20 in the pixel
circuit 50 shown in FIG. 3 is made to enter a floating state, in
the data update period (2), a voltage of display data Vid.
DATAL1 that has been written in the preceding display period
(1) before the display period (2) is supplied from the holding
capacitor 32 to the liquid crystal element 30 connected to the
voltage inverter circuit 20 and continuously displayed on the
liquid crystal element 30. Then, as the reset signal rstn is set
to a high level, Sn, which is an output of the AND circuit
AND1, becomes a high level, and /Sn, which is an output of
the AND circuit AND2, becomes a low level. Then, the gates
of the NMOS transistors (M7, M10) shown in FIG. 3 are
supplied with a high level signal Sn and thereby the NMOS
transistors (M7, M10) turn on. Because of this, the display
data VinDATAZ2 is displayed on the liquid crystal element 30,
and a voltage of the display data VinDATA2 is held in the
holding capacitor 32.

[0145] Inthis manner, thedisplay dataVid. DATA2 are writ-
ten to all the pixel circuits 50 connected to the scanning lines
WL1 to WLn. Thus, writing of the display data for the second
frame ends.

[0146] In this manner, in a period when data are written to
the pixel circuits connected to one scanning line, a voltage of
display data is not only supplied to the liquid crystal element
but also supplied to the holding capacitor connected to the
liquid crystal element. Thus, ina period when the next display
data is written to the memory circuit in the pixel circuit, the
input of the voltage inverter circuit is made to enter a floating
state to thereby continuously display the preceding display
data held in the holding capacitor on the liquid crystal ele-
ment. Accordingly, while display data is being written in the
memory circuit, the memory circuit is electrically isolated
from the liquid crystal element and the holding capacitor to
thereby notinfluence the data writing operation on the screen.
Hence, it is possible to prevent the occurrence of a flicker, or
the like.

Second Embodiment of Line Sequential Driving in
Writing Display Data

[0147] FIG. 11 is another operation timing chart in regard
to the writing operation of display data and the update of
display data in the liquid crystal device that performs line
sequential driving in writing display data according to the
embodiment of the invention. In the present embodiment, the
waveforms of the switch control signals S0, /S0 are different
from those shown of FIG. 10.

[0148] Thatis, in the liquid crystal device that performs line
sequential driving in writing display data according to the
embodiment of the invention, when the reset signals rst0 to
rstn are supplied in a period when data are sequentially writ-
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ten to the pixel circuits connected to one of the scanning lines
WLO0 to WLn, in a period when the next display data is written
to the memory circuit in the pixel circuit, the input of the
voltage inverter circuit is made to enter a floating state by
means of a control using the reset signals rst0 to rstn to
thereby continuously display the preceding display data held
in the holding capacitor on the liquid crystal element. There-
fore, the electric potential levels of the switch control signals
S0, /S0 in the other period are regardless. Accordingly, it is
also possible to obtain the equivalent advantageous effects as
those of the first embodiment of line sequential driving in
writing display data.

Device Structure of Lateral Electric Field Mode Liquid Crys-
tal Element

[0149] FIG. 12 is a view that shows a cross-sectional struc-
ture of a relevant part of an active matrix substrate according
to the embodiment of the invention. In FIG. 12, the cross-
sectional structure of four transistors (M8 to M10) that con-
stitute the voltage inverter circuit 20 integrated on an array
substrate 200 is mainly shown. However, the memory circuit
(SRAM) 10 is also formed on the array substrate 200. Note
that a light shielding film and an alignment layer are not
shown in FIG. 12.

[0150] As showninFIG. 12, a patterned polycrystal silicon
layer 204 is formed on the array substrate 200, and source/
drains (202, 206) are formed by selectively injecting impuri-
ties into the polycrystal silicon layer 204. A gate insulating
film 210 is formed to embed therein the polycrystal silicon
layer 204, and gate electrodes (208a to 2084) formed of
polycrystal silicon are formed on the gate insulating film 210.
[0151] The gate electrodes (2085, 2084) are supplied witha
corresponding one of the switch control signals (S0 to Sn),
and the gate electrodes (208a, 208¢) are supplied with a
corresponding one of the switch control signals (/S0 to /Sn).
[0152] A first interlayer insulating film (212) is formed on
the gate electrodes (208a to 208d), and contact holes are
selectively formed in the first interlayer insulating film (212).
Electrodes (214a to 214e) formed of a conductive material
(metal material, such as aluminum) that reflects light are
connected through the contact holes to the source/drains (202,
206).

[0153] The electrodes (214a, 214e) are applied with the
ground electric potential (GND) as the reference power sup-
ply electric potential (reference power supply electric poten-
tial). In addition, the memory circuit (SRAM) 10 is connected
to the electrode 214¢. The binary voltage (first or second
voltage: VDD or GND) is supplied from the memory circuit
(SRAM) 10 through a line N5.

[0154] A second interlayer insulating film 216 is formed on
the electrodes (214a to 214e), and contact holes are selec-
tively provided in the second interlayer insulating film 216.
First and second pixel electrodes (2184, 218b) are respec-
tively connected through the contact holes to the electrodes
(2145, 214d) located on the lower side. The first and second
pixel electrodes (2184, 2185) correspond to the ¢ point and d
point shown in FIG. 3, and, owing to the first and second
electrodes (2184, 2185), the liquid crystal element 30 and the
holding capacitor 32 are applied with a voltage.

[0155] FIG. 13 is a cross-sectional view of the cross-sec-
tional structure of the liquid crystal device (lateral electric
field mode liquid crystal device) that uses the active matrix
substrate shown in FIG. 12. As shown in the drawing, a liquid
crystal layer 220 is held between the active matrix substrate
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shown in FIG. 12 and an opposite substrate 224. The refer-
ence numeral 222 represents a color filter layer, and the ref-
erence numeral 226 represents a polarizer.

[0156] An electric field E is applied horizontally to the
liquid crystal layer 220 along the substrate plane, as indicated
by the arrow in the drawing. Liquid crystal molecules rotate
while maintaining the parallel orientation to the substrate
plane. Thus, the light transmittance ratio of the liquid crystal
layer 220 changes. In the lateral electric field mode liquid
crystal device (IPS mode liquid crystal device) shown in FIG.
13, two pixel electrodes (218a, 2185) are provided in prox-
imity to the array substrate 200, which makes it easy to extend
an electrode, and, in addition, the common -electrode
(LCcom) is not used, so that a load capacity is small (only a
liquid capacity corresponding to one pixel becomes a load)
and, as a result, the voltages of both the pixel electrodes
(218a, 218b) quickly change. Thus, it is possible to quickly
perform an inversion operation of a voltage applied to the
liquid crystal for preventing the occurrence of burn-in, and
this contributes to a reduction of flicker.

Third Embodiment

[0157] Inthe presentembodiment, the circuit configuration
that suppresses a feedthrough current (Ipeak) in the voltage
inverter circuit 20 will be described.

[0158] FIG. 14A to FIG. 14C are views, each of which
illustrates the circuit configuration and operation of a voltage
inverter circuit that has a device to suppress a feedthrough
current (Ipeak). FIG. 14A is a circuit diagram that shows the
circuit configuration. FIG. 14B is a timing chart that shows
the operation of the circuit shown in FIG. 14A. FIG.14Cisa
timing chart that shows the operation of a circuit that does not
have a device to suppress a feedthrough current according to
a comparative embodiment. In FIG. 14A to FIG. 14C, the
same reference numerals are assigned to the same compo-
nents as those shown in the above described drawings.
[0159] The voltage inverter circuit 20 shown in FIG. 3 has
such a configuration that two MOS transistors (M7 and M8,
or M9 and M10) are connected in series between the voltage
supply end (Q) of the memory circuit 20 and the reference
power supply electric potential. The two MOS transistors
complementarily turn on/off. The MOS transistors turn on at
the same time on the way the on/off of the MOS transistors are
switched. At this time, a feedthrough current will definitely
occur. This feedthrough current fluctuates the reference
power supply electric potential (GND), and this may
adversely affect the circuit operation.

[0160] That is, as shown in FIG. 14C, at a timing when the
voltage levels of the complementary switch control signals
(S0 to Sn, /S0 to /Sn) change (at time 120, 121, or t22), two
MOS transistors (M7 and M8, M9 and M10) turn on at the
same time and, therefore, a feedthrough current (Ipeak)
occurs.

[0161] Then, in the circuit shown in FIG. 14A, a
feedthrough current preventing transistor (switching ele-
ment: MA) is provided between the memory circuit 10 and
the MOS transistors (M7 and M8, M9 and M10), which are
connected in series, and the on/off of the feedthrough current
preventing transistor (MA) is controlled by a timing signal
(SEL). In the circuit described in FIG. 14A to FIG. 14C, the
feedthrough current preventing transistor (MA) is an NMOS
transistor.

[0162] When the feedthrough current preventing transistor
(MA) is turned off at a timing when a feedthrough current
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may occur (that is, at a timing when the voltage levels of the
complementary switch control signals (S0 to Sn, /S0 to /Sn)
change), the supply of a voltage (electric current) from the
memory circuit 10 is stopped and, therefore, it reliably pre-
vents the feedthrough current (Ipeak) from flowing.

[0163] That is, as shown in FIG. 14B, the timing signal
(SEL) that turns off the feedthrough current preventing tran-
sistor (MA) becomes a low level at a timing when the voltage
levels of the complementary switch control signals (S0 to Sn,
/S0 to /Sn) change (at time t21, t22, or t23). Thus, the
feedthrough current preventing transistor (MA) turns off and,
thereby, the supply of a voltage (electric current) from the
memory circuit 10 to the four transistors (M7 to M10) are
interrupted. Accordingly, it reliably prevents the feedthrough
current (Ipeak) from flowing.

Fourth Embodiment

[0164] Next,an electronic apparatus that includes the liquid
crystal device (reflective liquid crystal device that has an
SRAM and that uses a lateral electric field mode liquid crys-
tal) according to the embodiment of the invention will be
described.

Mobile Terminal Provided with Sub-Panel

[0165] FIG. 15 is a perspective view of a mobile terminal
(including a cellular phone, a PDA terminal, and a mobile
personal computer) that is provided with a sub-panel. The
mobile terminal 1300 shown in FIG. 15 is a cellular phone
terminal and, as shown in the drawing, includes an upper case
1304, a sub-panel 100 provided on the inner surface of the
upper case 1304, a lower case 1306, and operation keys 1302.
Note that a main panel is actually provided on the outer
surface of the lower case 1306; however, the main panel is not
shown in FIG. 15.

[0166] The sub-panel 100 is configured using the liquid
crystal device (reflective liquid crystal device that has an
SRAM and that uses a lateral electric field mode liquid crys-
tal) according to the embodiment of the invention. Because an
image may be held in the SRAM, for example, when an image
display of the sub-panel 10 is once ended to be switched to a
display of the main panel (not shown) and, after that, a display
of the sub-panel 1 is performed again, it is possible to redis-
play an image only by reading out the data being held.
[0167] In addition, because the lateral electric field mode
liquid crystal (IPS mode liquid crystal) is used, it is possible
to perform a high-quality image display with high color
developing property and high viewing angle. In addition, a
direct-current offset does not occur owing to an ideal inver-
sion of a voltage applied to the liquid crystal and an ideal short
circuit of the electrodes of the liquid crystal when no voltage
is applied, so that degradation of a display image with time is
also reduced. Moreover, because the polarity inversion of a
voltage applied to the liquid crystal is always symmetrically
and quickly performed, the advantageous effects that no
flicker occurs and no decrease in image quality occurs may be
obtained. Furthermore, because the reflective liquid crystal
device that does not require a backlight is used as a sub-panel,
it is possible to extend the life of a battery. In this manner, in
a period when data are written to the pixel circuits connected
to one scanning line, a voltage of display data is not only
supplied to the liquid crystal element but also supplied to the
holding capacitor connected to the liquid crystal element.
Thus, in a period when the next display data is written to the
memory circuit in the pixel circuit, the input of the voltage
inverter circuit is made to enter a floating state to thereby
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continuously display the preceding display data held in the
holding capacitor on the liquid crystal element. Accordingly,
while display data are being written in the memory circuit, the
memory circuit is electrically isolated from the liquid crystal
element and the holding capacitor to thereby not influence the
data writing operation on the screen. Therefore, when a
screen display is performed by means of line sequential driv-
ing or frame sequential driving, it is possible to prevent the
occurrence of a flicker.

Low Power Consumption Portable Information Terminal

[0168] FIG. 16 is a perspective view of a portable informa-
tion terminal (a PDA, a personal computer, a word processor,
or the like) that uses the liquid crystal device according to the
embodiment of the invention. The portable information ter-
minal 1200 includes an upper case 1206, a lower case 1204,
an input portion 1202, such as a keyboard, and a display panel
100 that uses the reflective liquid crystal device according to
the embodiment of the invention. With this portable informa-
tion terminal as well, the same advantageous effects as those
of the above mobile terminal may be obtained.

Reflective Projector

[0169] FIG. 17 is a view that shows a schematic configura-
tion of a relevant part of a projector (projection display
device) that uses the reflective liquid crystal device according
to the embodiment of the invention as an optical modulator.
As shown in the drawing, the projector 1100 includes a polar-
izer lighting device 1110, a projection optical system 1160, a
polarization beam splitter 1140 (including a polarization
beam reflection plane 1141), dichroic mirrors 1151, 1152,
and reflective liquid crystal devices (100R, 100G, 100B),
which correspond to colors 0of RGB, according to the embodi-
ment of the invention as a light modulator.

[0170] As shown in the drawing, the polarizer lighting
device 1110 is arranged along a system optical axis PL. In the
polarizer lighting device 1110, light emitted from a lamp
1112 forms substantially parallel beams of light by being
reflected on a reflector 1114 and enters a first integrator lens
1120. In this manner, light emitted from the lamp 1112 is split
into a plurality of intermediate beams of light. These inter-
mediate beams of light are converted into polarized beams of
light (s polarized beams of light) of one kind, having substan-
tially the same polarization direction by a polarization con-
version element 1130 thatincludes a second integrator lens on
the light incidence side, and then exits from the polarizer
lighting device 1110.

[0171] The s polarized beams of light that exits from the
polarizer lighting device 1110 are reflected on an s polariza-
tion beam reflection plane 1141 of the polarization beam
splitter 1140. Among the reflected beams of light, beams of
blue light (B) are reflected on a blue light reflection layer of
the dichroic mirror 1151 and modulated by the reflective
liquid crystal device 100B. In addition, among beams of light
that pass through the blue light reflection layer of the dichroic
mirror 1151, beams of red light (R) are reflected on ared light
reflection layer of the dichroic mirror 1152 and modulated by
the reflective liquid crystal device 100R.

[0172] On the other hand, among beams of light that pass
through the blue light reflection layer of the dichroic mirror
1151, beams of green light (G) pass through the red light
reflection layer of the dichroic mirror 1152 and modulated by
the reflective liquid crystal device 100G.
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[0173] In this manner, red, green and blue beams of light
that are colored-light modulated by the liquid crystal devices
100R, 100G, 100B are sequentially composed by the dichroic
mirrors 1152, 1151 and the polarization beam splitter 1140
and, after that, projected onto a screen 1170 by the projection
optical system 1160. With this portable information terminal
as well, the above described advantageous effects may be
obtained.

[0174] The aspects of the invention are described on the
basis of the embodiments; however, the aspects of the inven-
tion are not limited to the embodiments described above, but
they may have various modifications and applications. For
example, the transistors (switching elements) that constitute
the voltage inverter circuit may employ a bipolar transistor.
The memory circuit may employ a memory other than
SRAM. In addition, the “lateral electric field mode liquid
crystal” in the description widely includes a liquid crystal of
various driving modes, in which an electric field applied to the
liquid crystal layer is horizontal to the substrate plane.

[0175] As described above, according to the embodiments
of the invention, the following main advantageous effects
may be, for example, obtained. However, the liquid crystal
device according to the aspects of the invention does not need
to achieve all the advantageous effects described below at the
same time, and the following list of the advantageous effects
is not intended to limit the scope of the invention.

(1) The lateral electric field mode liquid crystal is actively
employed to reduce a driving load and, thereby, a quick
change in voltage of both of the electrodes of the liquid crystal
is possible. In addition, a new configuration of pixel circuit
that completely separates the function of voltage supply from
the function of voltage inversion is employed, so that it is
possible to realize a quick and highly accurate inversion of
applied voltage using, for example, the complementary
switch control signals (S0 to Sn, /S0 to /Sn). Furthermore, in
a period when new display data is written to the memory
circuit in the pixel circuit, by controlling the electric poten-
tials of the switch control signals (SO0 to Sn, /S0 to /Sn), the
preceding display data is displayed on the liquid crystal ele-
ment in such a manner that the voltage of the display data held
in the holding capacitor is supplied to the liquid crystal ele-
ment, and, at the time when the above wiring period ends, the
voltage of new display data is applied to the liquid crystal
element and the holding capacitor. Thus, it is possible to
update the display data without any influence on a screen
display. Hence, it is possible to perform a high-quality image
display by means of line sequential driving or frame sequen-
tial driving without occurrence of a flicker.

(2) The voltage inverter circuit switches only a path of the
power supply voltage (VDD, GND), supplied from the
memory circuit, to the liquid crystal and a path of the refer-
ence power supply voltage (GND) of the voltage inverter
circuit itself supplied to the liquid crystal. Thus, the voltage
source of a voltage applied to the liquid crystal is always the
same and, therefore, a voltage value does not change before
and after inversion of voltage. Hence, an accurate voltage
polarity inversion may be achieved. In addition, even when
the voltage level in each pixel slightly changes due to the
scatter of the liquid crystal within the plane, a voltage value
does not change before and after inversion of voltage in that
pixel and, as a result, a direct-current offset does not occur in
each pixel. Accordingly, no burn-in occurs and no degrada-
tion of image with time occurs.
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(3) In addition, because only the path to supply a voltage is
switched, it is possible to realize switching of a voltage level
supplied to each of the first and second pixel electrodes with
a simple circuit at a time. It is not necessary to control the
voltage Vcom of the common electrode and the voltage Vp of
the lower electrode using separate circuits, adjust the voltages
with high accuracy, and synchronize the timing to switch the
voltages as in the case of the existing art. Thus, a control
method is simplified.

(4) In addition, in a state when the reference power supply
voltage of the voltage inverter circuit is, for example, a ground
level, when the voltage supplied from the memory circuit is
set to 0V, the voltages applied to both the electrodes of the
liquid crystal both become O V accurately. Thus, a short
circuit state when no voltage is applied to the liquid crystal is
realized, and, at this time, a direct-current offset does not
occur. Accordingly, no burn-in occurs and no degradation of
image with time occurs.

(5) In addition, the voltage inverter circuit may be, for
example, formed of four switching elements (first to fourth
transistors) provided between the voltage supply end of the
memory circuit and the reference power supply electric
potential, a synchronous switching control of the switching
elements may be simply realized, for example, using the
complementary switch control signals (SO0 to Sn, /S0 to /Sn).
Then, by setting the switch control signals (S0 to Sn, /S0 to
/Sn) both to a low level, it is possible to obtain a data update
period of the liquid crystal device. The voltage of the preced-
ing display data held in the holding capacitor is applied to the
liquid crystal element in a period when new display data is
written to the memory circuit in the pixel circuit, it is possible
to prevent a flicker from occurring on the screen because of
update of display data. Moreover, the voltage inverter circuit
is formed of minimum number of elements, so that it is
possible to realize a compact circuit that cannot be simplified
any longer.

(6) In addition, the high level side power supply voltage value
of the memory circuit and the high level side power supply
voltage value of the voltage inverter circuit may be the same
and, thereby, the sizes of the MOS transistors that constitute
the circuits may be the same. In addition, for example, the
transistors that constitute the memory circuit need not have a
high withstand voltage.

(7) In addition, the switch control signals (S0 to Sn, /S0 to
/Sn) that drive the voltage inverter circuit are versatilely used
in adigital circuit and, particularly, may be easily obtained by,
for example, using a timing pulse in digital gray-scale driving
(PWM driving). Thus, it is possible to simplify the circuit
configuration (system configuration).

(8) In addition, when a control voltage that is equal to or more
than (VDD+threshold voltage (Vth)) is applied to the gates of
the first and third MOS transistors (M7, M9) that operate to
supply a voltage from the memory circuit to the liquid crystal
to sufficiently turn on the MOS transistors (M7, M9), a volt-
age (5 V=VDD) from the memory circuit is continuously
supplied to the liquid crystal, so that a voltage drop does not
occur.

(9) A switching element is provided to prevent a feedthrough
current in the voltage inverter circuit, and, by turning off the
switching element at a timing when a feedthrough current
oceurs, it is possible to reliably prevent the occurrence of
feedthrough current. (10) In addition, the same ground line is
shared by the memory circuit and the voltage inverter circuit
in the pixel circuit. Thus, even when a voltage level (0 V)
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varies because of a scatter of the liquid crystal in the plane, or
the like, because both the electric potentials change equally,
as a result, no relative difference in electric potentials of
voltage levels applied to both the electrodes of the liquid
crystal occurs. When no voltage is applied to the liquid crys-
tal, a short circuit state is realized with high accuracy and,
hence, a direct-current offset does not occurs and, therefore,
there is no possibility that a burn-in occurs. (11) In addition,
in the case of the reflective liquid crystal, it is possible to
provide an element forming region below each pixel elec-
trode. Because the voltage inverter circuit according to the
embodiment of the invention is simplified, it is not difficult to
arrange the memory circuit and the voltage inverter circuit in
a space formed below each of the pixel electrodes. Thus,
without increasing an area occupied by the pixel circuit, it is
possible to form the pixel circuit according to the embodi-
ments of the invention. (12) The liquid crystal device accord-
ing to the embodiment of the invention may be, for example,
mounted on an electronic apparatus, such as a sub-panel of a
cellular phone, a low power consumption notebook personal
computer, or a reflective projector. In this case, a flicker of a
still image in accordance with voltage inversion is sup-
pressed, and a flicker is suppressed because a frame is not
influenced in an update period of display data, so that it is
possible to display a high-quality image. Moreover, occur-
rence of a direct-current offset is reduced and, thereby, a
burn-in hardly occurs, so that degradation of quality of dis-
play image with time hardly occurs. Furthermore, the aspects
of the invention are able to realize inversion of an applied
voltage with high accuracy while suppressing a flicker with a
simple circuit configuration and a simple control. In addition,
when no voltage is applied to the liquid crystal, it is advanta-
geous in that a short circuit state that prevents a direct-current
offset may be realized. Thus, it is useful as a high-perfor-
mance liquid crystal device (particularly, a reflective liquid
crystal device) with less deterioration with time. In addition,
the liquid crystal device according to the embodiment of the
invention may be, for example, mounted on an electronic
apparatus, such as a sub-panel of a cellular phone, a low
power consumption portable information device (personal
computer, or the like), or a reflective projector.

[0176] According to the aspects of the invention as
described above, the memory and the voltage inversion cit-
cuit are provided in each of the pixels, and the new liquid
crystal device and the pixel circuit that are able to perform line
sequential driving and frame sequential driving are realized.
Thus, a high-resolution image display may be performed and
an electronic apparatus that is highly useable may be
obtained.

[0177] Theentire disclosure of Japanese Patent Application
No. 2007-078758, filed Mar. 26, 2007 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. A liquid crystal device comprising:

a lateral electric field mode liquid crystal element that
controls alignment of liquid crystal molecules by apply-
ing an electric field in a direction of a substrate plane to
a liquid crystal layer, and that includes a first pixel elec-
trode and a second pixel electrode;

amemory circuit that is provided in each pixel circuit and
that functions as a source to supply a first voltage and a
second voltage;

a voltage inverter circuit that is provided in each pixel
circuit, and that inverts a voltage applied to the liquid
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crystal element by switching the supply of each of the
first and second voltages, supplied from the memory
circuit, to between the first pixel electrode and the sec-
ond pixel electrode of the liquid crystal element; and

aholding capacitor thatholds a voltage applied to the liquid
crystal element, wherein

the voltage inverter circuit includes a first switching ele-

ment and a second switching element that are connected
in series between an end of the memory circuit, from
which the first and second voltages are supplied, and a
reference power supply electric potential, wherein

the voltage inverter circuit further includes a third switch-

ing element and a fourth switching element that are
connected in series between the end of the memory
circuit, from which the first and second voltages are
supplied, and the reference power supply electric poten-
tial, wherein

one end ofthe holding capacitor is connected to at least one

of a common connecting point of the first and second
switching elements and a connecting point of the third
and fourth switching elements, wherein
the first pixel electrode and the second pixel electrode of
the liquid crystal element are respectively connected to
the common connecting point of the first and second
switching elements and the common connecting point of
the third and fourth switching elements, and wherein

whether to selectively turn on the first and fourth switching
elements, to selectively turn on the second and third
switching elements, or to turn off all the first to fourth
switching elements, are controlled by switch control
signals.

2. The liquid crystal device according to claim 1, wherein
the holding capacitor is connected between the common con-
necting point of the first and second switching elements and
the common connecting point of the third and fourth switch-
ing elements.

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

one end of the holding capacitor is connected to the com-

mon connecting point of the first and second switching
elements or the common connecting point of the third
and fourth switching elements, and the other end of the
holding capacitor is connected to a predetermined
direct-current electric potential.

4. The liquid crystal device according to claim 2, wherein

each of the first, second, third and fourth switching ele-

ments is formed of the same conductivity type transistor,
wherein
in a period when a voltage applied to the liquid crystal
element is updated, the first and third switching elements
and the second and fourth switching elements are
complementarily driven by the switch control signals
having opposite phases from each other, and wherein

in a period when a voltage applied to the liquid crystal
element is held in the holding capacitor, the first and
third switching elements and the second and fourth
switching elements all are turned off by the switch con-
trol signals.

5. The liquid crystal device according to claim 4, wherein

in a period when display data is written to each memory

circuit provided in each of the pixel circuits and con-
nected to the one scanning line, the first and third switch-
ing elements and the second and fourth switching ele-
ments, which constitute the voltage inverter circuit
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provided in each of the pixel circuits connected to the
one scanning line, are all turned off, and wherein

when writing of the display data to each memory circuit
provided in each of the pixel circuits and connected to
the one scanning line has been completed, the first and
second switching elements and the third and fourth
switching elements are turned on, and a voltage of the
updated display data is applied to the liquid crystal ele-
ment.

6. The liquid crystal device according to claim 4, wherein

in a period when display data is written to each memory

circuit provided in each of the pixel circuits and con-
nected to all the scanning lines, the first and third switch-
ing elements and the second and fourth switching ele-
ments, which constitute the voltage inverter circuit
provided in each of the pixel circuits connected to all the
scanning lines, are all turned off, and wherein

when writing of the display data to each memory circuit

provided in each of the pixel circuits and connected to all
the scanning lines has been completed, the first and
second switching elements and the third and fourth
switching elements are turned on, and a voltage of the
updated display data is applied to the liquid crystal ele-
ment.

7. The liquid crystal device according to claim 1, wherein
each of the memory circuits is an SRAM memory cell that
holds a 1-bit data.

8. The liquid crystal device according to claim 1, wherein
the lateral electric field mode liquid crystal element is an IPS
(In-Plane Switching) mode liquid crystal element.

9. The liquid crystal device according to claim 1, wherein
the liquid crystal device is a reflective liquid crystal device,
and wherein each of the memory circuits and each of the
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voltage inverter circuits are arranged in an element forming
region below the first and second pixel electrodes formed ofa
material that reflects light.

10. A pixel circuit comprising:

amemory circuit that functions as a source to supply a first
voltage and a second voltage;

avoltage inverter circuit that inverts a voltage applied to the
liquid crystal element by switching the supply of each of
the first and second voltages, supplied from the memory
circuit, to between the first pixel electrode and the sec-
ond pixel electrode of the liquid crystal element; and

aholding capacitor that holds a voltage applied to the liquid
crystal element at the time when writing of data to the
memory circuit has been completed.

11. An active matrix substrate comprising:

a first pixel electrode;

a second pixel electrode, wherein the first pixel electrode
and the second pixel electrode are used to apply an
electric field to a liquid crystal layer of a lateral electric
field mode liquid crystal element;

a memory circuit that is provided in each pixel circuit and
functions as a source to supply a first voltage and a
second voltage;

a voltage inverter circuit that is provided in each pixel
circuit and that inverts a voltage applied to the liquid
crystal element by switching the supply of each of the
first and second voltages, supplied from the memory
circuit, to between the first pixel electrode and the sec-
ond pixel electrode of the liquid crystal element; and

aholding capacitor that holds a voltage applied to the liquid
crystal element.

12. An electronic apparatus comprising the liquid crystal

device according to claim 1.

* sk * sk *
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