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PIXEL CIRCUIT AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Phase filing under 35
U.S.C. §371 of International Application No. PCT/JP2010/
058744 filed on May 24, 2010, and which claims priority to
Japanese Patent Application No. 2009-206474 filed on Sep. 7,
2009.

TECHNICAL FIELD

[0002] The present invention relates to a pixel circuit and a
display device including the pixel circuit and, in particular, an
active-matrix type display device.

BACKGROUND ART

[0003] In a mobile terminal such as a cellular phone or a
mobile game console, a liquid crystal display device is gen-
erally used as a display means. Since a cellular phone is
driven by a battery, a power consumption is strongly required
to be reduced. For this reason, information such as time or a
battery life that is required to be always displayed is displayed
on a reflective sub-panel. In recent years, on the same main
panel, a normal display by a full-color display and a reflective
always-on display have been required to be compatible.
[0004] FIG. 34 shows an equivalent circuit of a pixel circuit
in a general active-matrix type liquid crystal display device.
FIG. 35 shows a circuit arrangement of an active-matrix type
liquid crystal display device having mxn pixels. Both refer-
ence symbols m and n denote integers each of which is 2 or
more.

[0005] AsshowninFIG. 35, switch elements configured by
thin-film transistors (TFTs) are arranged at intersections
between m source lines SL1, SL2, . .., SLm and n scanning
lines GL1, GL2, ..., GLn. In FIG. 34, the source lines SL1,
SL2, ..., SLm are represented by a source line SL, and,
similarly, the scanning lines GL1, GL2, . . ., GLn are repre-
sented by a symbol GL.

[0006] As shown in FIG. 34, a liquid crystal capacitor ele-
ment Clc and an auxiliary capacitor element Cs are connected
in parallel to each other through a TFT. The liquid crystal
capacitor element Clc is configured by a laminated structure
in which a liquid crystal layer is formed between a pixel
electrode 20 and a counter electrode 80. The counter elec-
trode is also called a common electrode.

[0007] In FIG. 35 simply shows only a TFT and a pixel
electrode (black rectangular portion) in each pixel circuit.
[0008] The auxiliary capacitor element Cs has one terminal
(one electrode) connected to the pixel electrode 20 and the
other terminal (other electrode) connected to an auxiliary
capacitor line CSL to stabilize a voltage of pixel data held in
the pixel electrode 20. The auxiliary capacitor element Cs
advantageously suppresses a voltage of pixel data held in a
pixel electrode from varying due to generation of a leakage
current in the TFT, a variation in electric capacitance of the
liquid crystal capacitor element Clc between a black display
and a white display caused by dielectric anisotropy held by
liquid crystal molecules, a variation in voltage through a
parasitic capacitance between a pixel electrode and a periph-
eral wire, and the like. Voltages of the scanning lines are
sequentially controlled to set TFTs connected to one scanning
line to a conducting state, and voltages of pixel data supplied
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to source lines in units of scanning lines are programmed in
corresponding pixel electrodes, respectively.

[0009] In a normal display by a full-color display, even
though display contents are a still image, the same display
contents are repeatedly programmed in the same pixel for
each frame. In this manner, the voltages of the pixel data held
in the pixel electrodes are updated to minimize a variation in
voltage of the pixel data and to secure a display of a high-
quality still image.

[0010] A power consumption to drive a liquid crystal dis-
play device is almost controlled by a power consumption to
drive a source line by a source driver, and is almost expressed
by a relational expression represented by the following
numerical expression 1. In numerical expression 1, reference
symbol P denotes a power consumption; f, a refresh rate (the
number of times of a refresh action of one frame per unit
time); C, a load capacitance driven by a source driver; V, a
drive voltage of the source driver; n, the number of scanning
lines; and m, the number of source lines. In this case, the
refresh action is an operation that applies a voltage to a pixel
electrode through a source line while keeping display con-
tents.

PxfC-V?nm

[0011] Inthe always-on display, since the display contents
are a still image, the voltage of the pixel data need not be
always updated for each frame. For this reason, in order to
further reduce the power consumption of the liquid crystal
display device, a refresh frequency in the always-on display
state is lowered. However, when the refresh frequency is
lowered, a pixel data voltage held in a pixel electrode varies
by an influence of a leakage current of a TFT. The variation in
voltage causes a variation in display luminance (transmit-
tance of liquid crystal) of each pixel and becomes to be
observed as flickers. Since an average potential in each frame
period also decreases, deterioration of display quality such as
insufficient contrast may be probably caused.

[0012] Inthis case, as amethod of simultaneously realizing
a solution of a problem of deterioration of display quality
caused by a decrease in refresh frequency in an always-on
display of a still image such as a display of a battery life or
time and a reduction in power consumption, for example, a
configuration described in the following Patent Document 1
is disclosed. In the configuration disclosed in Patent Docu-
ment 1, liquid crystal displays by both transmissive and
reflective functions are possible. Furthermore, a memory unit
is arranged in a pixel circuit in a pixel area in which a reflec-
tive liquid crystal display can be obtained. The memory unit
holds information to be displayed in a reflective liquid crystal
display unit as a voltage signal. In a reflective liquid crystal
display state, a voltage held in the memory unit of the pixel
circuit is read to display information corresponding to the
voltage.

[0013] In Patent Document 1, the memory unit is config-
ured by an SRAM, and the voltage signal is statically held.
For this reason, a refresh action is not required, maintenance
of display quality and a reduction in power consumption can
be simultaneously realized.

PRIOR ART
Patent Document

(Numerical Expression 1)

[0014] [Patent Document 1] Unexamined Japanese Patent
Publication No. 2007-334224

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0015] However, when the above configuration is applied to
a liquid crystal display device used in a cellular phone or the
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like, in addition to an auxiliary capacitor element to hold a
voltage of each pixel data serving as analog information in a
normal operation, a memory unit to store the pixel data needs
to be arranged for each pixel or each pixel group. In this
manner, since the numbers of elements and signal lines to be
formed on an array substrate (active matrix substrate) that
configures the display unit in the liquid crystal display device
increase, an aperture ratio in a transmission mode decreases.
When a polarity-inverted drive circuit to AC-drive a liquid
crystal is arranged together with the memory unit, the aper-
ture ratio further decreases. In this manner, when the aperture
ratio decreases due to the increase in number of elements or
signal lines, a luminance of a display image decreases in a
normal display mode.

[0016] In the liquid crystal display device, in a display of a
still image obtained by an always-on display, in addition to
the problem of a variation in voltage in a pixel electrode, a
problem in which, when a voltage of the same polarity is
continuously applied across a pixel electrode and a counter
electrode, a small amount of ionic impurity contained in a
liquid crystal layer is concentrated on any one of the pixel
electrode and the counter electrode to cause the entire display
screen to burn is posed. For this reason, in addition to the
refresh action, a polarity inverting action to invert polarities of
a voltage applied across the pixel electrode and the counter
electrode is necessary.

[0017] In each of the normal display and the always-on
display, in a display of a still image, as the polarity inverting
action, an operation that stores pixel data of 1 frame in a frame
memory and repeatedly programs a voltage corresponding to
the pixel data while a polarity determined with reference to
the counter electrode is inverted in each case is performed.
For this reason, as described above, an operation that drives a
scanning line and a source line from the outside and programs
voltages of pixel data supplied to the source lines in units of
scanning lines in the pixel electrodes, respectively, is neces-
sary.

[0018] Thus, in an always-on display required to be oper-
ated with a low power consumption, when the scanning line
and the source line are driven from the outside to perform the
polarity inverting action, a larger power consumption occurs
because a voltage amplitude of the pixel electrode is larger
than that in the refresh action.

[0019] The present invention has been made in consider-
ation of the above problems and, it is an object of the present
invention to provide a pixel circuit and a display device that
can prevent deteriorations of a liquid crystal and display
quality with a low power consumption without causing a
decrease in aperture ratio.

Means for Solving the Problem

[0020] Inorderto achieve the above object, the pixel circuit
according to the present invention is characterized to employ
the following configuration.

[0021] A pixel circuit according to the present invention
includes:

[0022] a display element unit including a unit display ele-
ment;

[0023] aninternal node that configures a part of the display

element unit and holds a voltage of pixel data applied to the
display element unit;

[0024] a first switch circuit that transfers the voltage of the
pixel data supplied from a data signal line to the internal node
through at least predetermined switch element;
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[0025] a second switch circuit that transfers the voltage
supplied from the data signal line to the internal node without
passing through the predetermined switch element; and
[0026] a control circuit that holds a predetermined voltage
depending on the voltage of the pixel data held by the internal
node at one terminal of a first capacitor element and controls
connection/disconnection of the second switch circuit.
[0027] The pixel circuit includes first to third transistor
elements each having a first terminal, a second terminal, and
a control terminal that controls connection between the first
and second terminals. Of the transistor elements, the first and
third transistor elements are arranged in the second switch
circuit and the second transistor element is arranged in the
control circuit. The second switch circuit is configured by a
series circuit having the first transistor element and the third
transistor element, and the control circuit is configured by a
series circuit having the second transistor element and the first
capacitor element.

[0028] Both the first switch circuit and the second switch
circuit have one terminals connected to the data signal line,
and the other terminals connected to the internal node. The
first terminal of the second transistor element is also con-
nected to the internal node.

[0029] The control terminal of the first transistor element,
the second terminal of the second transistor element, and one
terminal of the first capacitor element are connected to each
other to form a node. A control terminal of the second tran-
sistor element is connected to a first control line, and a control
terminal of the third transistor element is connected to a
second control line. Furthermore, the other terminal of the
first capacitor element (i.e. the terminal which does not form
the node) is connected to the second control line or a third
control line.

[0030] In addition to the configuration, a second capacitor
element having one terminal connected to the internal node
and having the other terminal connected to a fourth control
line or a predetermined fixed voltage line may be further
arranged.

[0031] The predetermined switch element is configured by
a fourth transistor element having a first terminal, a second
terminal, and a control terminal that controls connection
between the first and second terminals, and

[0032] the control terminal of the fourth transistor element
is preferably connected to a scanning signal line.

[0033] The first switch circuit also preferably has a con-
figuration that does not include a switch element except for
the predetermined switch element.

[0034] The first switch circuit is preferably configured by a
series circuit of the third transistor element and the predeter-
mined switch element in the second switch circuit or a series
circuit of a fifth transistor having a control terminal connected
to the control terminal of the third transistor element in the
second switch circuit and the predetermined switch element.
[0035] Furthermore, a display device according to the
present invention in which

[0036] a plurality of pixel elements each having the above
characteristics are arranged in a row direction and a column
direction to configure a pixel circuit array,

[0037] the data signal line is arranged for each of the col-
umns one by one,

[0038] the pixel circuits arranged along the same column
have one terminals of the first switch circuits connected to the
common data signal line,
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[0039] the pixel circuits arranged along the same row or the
same column have the control terminals of the second tran-
sistor elements connected to the common first control line,
[0040] the pixel circuits arranged along the same row or the
same column have the control terminals of the third transistor
elements connected to the common second control line, and
[0041] the pixel circuits arranged along the same row or the
same column have the other terminals of the first capacitor
elements connected to the common second control line or the
common third control line,

[0042] the display device includes: a data signal line drive
circuit that independently drives the data signal lines; and a
control line drive circuit that independently drives the first to
third control lines.

[0043] In addition to the above configuration, the first
switch circuit does not include a switch element except for the
predetermined switch element, the predetermined switch ele-
ment is a fourth transistor element having a first terminal, a
second terminal, and a control terminal that controls connec-
tion between the first and second terminals, the first terminal,
the second terminal, and the control terminal are connected to
the internal node, the data signal line, and a scanning signal
line, respectively,

[0044] the scanning signal line is arranged for each of the
rows one by one, and the pixel circuits arranged along the
same row are connected to the common scanning signal line,
and

[0045] a scanning signal line drive circuit that indepen-
dently drives the scanning signal lines is preferably arranged.
[0046] The predetermined switch element is configured by
a fourth transistor element having a first terminal, a second
terminal, and a control terminal that controls connection
between both the terminals,

[0047] the first switch circuit is configured by a series cir-
cuit of a third transistor element in the second switch circuit
and the fourth transistor element or a series circuit of a fifth
transistor having a control terminal connected to the control
terminal of the third transistor element in the second switch
circuit and the fourth transistor element,

[0048] one scanning signal line and the second control line
are arranged for each of the rows,

[0049] the control terminal of the fourth transistor element
is connected to the scanning signal line, and

[0050] the pixel circuits arranged along the same row are
connected to the common scanning signal line and the com-
mon second control line, and

[0051] a scanning signal line drive circuit that indepen-
dently drives the scanning signal lines is preferably arranged.
[0052] With the above configuration, in a programming
action to independently program the pixel data in the pixel
circuits arranged along one selected row,

[0053] the scanning signal line drive circuit preferably
applies a predetermined selected row voltage to the scanning
signal line of the selected row to set the fourth transistor
elements arranged along the selected row to a conducting
state and applies a predetermined non-selected row voltage to
the scanning signal line of a non-selected row to set the fourth
transistor elements arranged along the non-selected row to a
non-conducting state, and

[0054] the data signal line drive circuit independently
applies data voltages corresponding to pixel data to be pro-
grammed in the pixel circuits of the columns of the selected
row to the data signal lines, respectively.
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[0055] At this time, in the programming action, the control
line drive circuit may apply a predetermined voltage to the
second control line to set the third transistor element to a
non-conducting state.

[0056] In aprogramming action to independently program
the pixel data in the pixel circuits arranged along one selected
row,

[0057] the scanning signal line drive circuit preferably
applies a predetermined selected row voltage to the scanning
signal line of the selected row to set the fourth transistor
elements arranged along the selected row to a conducting
state and applies a predetermined non-selected row voltage to
the scanning signal line of a non-selected row to set the fourth
transistor elements arranged along the non-selected row to a
non-conducting state,

[0058] the control line drive circuit preferably applies a
predetermined selecting voltage to the second control line of
the selected row to set the third transistor element to a con-
ducting state and applies a predetermined non-selecting volt-
age to the second control line of the non-selected row to set
the third transistor element to a non-conducting state, and

[0059] the data signal line drive circuit preferably indepen-
dently applies data voltages corresponding to the pixel data to
be programmed in the pixel circuits of the columns of the
selected row to the data signal lines, respectively.

[0060] In the programming action,

[0061] the control line drive circuit preferably applies a
predetermined voltage to the first control line to set the second
transistor element to a conducting state.

[0062] Furthermore, the display device according to the
present invention is characterized in that, in addition to the
above characteristics,

[0063] in a self-refresh action to operate the second switch
circuits and the control circuits to simultaneously compensate
for variations in voltage of the internal nodes in the plurality
of pixel circuits in the case where the other terminals of the
first capacitor elements are connected to the third control line,

[0064] the scanning signal line drive circuit applies a pre-
determined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the fourth
transistor element to a non-conducting state,

[0065] the control line drive circuit

[0066] applies a predetermined voltage to the first control
line so that when a voltage state of binary pixel data held by
the internal node is the first voltage state, the second transistor
element blocks a current flowing from the one terminal of the
first capacitor element to the internal node, and when the
voltage state is the second voltage state, the second transistor
element is set to a conducting state,

[0067] applies a predetermined voltage to the second con-
trol line to set the third transistor element to a conducting
state, and

[0068] applies a voltage pulse having a predetermined volt-
age amplitude to the third control line to give a change in
voltage by a capacitive coupling through the first capacitor
element to the one terminal of the first capacitor element, so
that when a voltage of the internal node is in the first voltage
state, the change in voltage is not suppressed and the first
transistor element is set to a conducting state, and when the
voltage of the internal node is in the second voltage state, the
change in voltage is suppressed and the first transistor ele-
ment is set to a non-conducting state, and
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[0069] the datasignal line drive circuit supplies a voltage of
the pixel data in the first voltage state to all the data signal
lines connected to the plurality of pixel circuits targeted by
the self-refresh action.

[0070] In the case where the other terminal of the first
capacitor element is connected to the second control line, a
voltage pulse having a predetermined voltage amplitude is
applied to the second control line to set the third transistor
element to a conducting state, achange in voltage by a capaci-
tive coupling through the first capacitor element is given to
the one terminal of the first capacitor element, so that when
the voltage of the internal node is in the first voltage state, the
change in voltage is not suppressed and the first transistor
element is set to a conducting state, and when the voltage of
the internal node is in the second voltage state, the change in
voltage is suppressed and the first transistor element is set to
a non-conducting state.

[0071] In addition to this, as another characteristic, in a
standby state immediately after the self-refresh action is
ended,

[0072] the controlline drive circuit applies a predetermined
voltage to the second control line to set the third transistor
element to a non-conducting state, and ends the application of
the voltage pulse.

[0073] Furthermore, at this time, the self-refresh action is
also preferably repeated through the standby state that is 10 or
more times the self-refresh action period described above.

[0074] In the standby state, the control line drive circuit
preferably applies a fixed voltage to the data signal line. The
fixed voltage may be set in a second voltage state.

[0075]

[0076] the plurality of pixel circuits targeted by the self-
refresh action are sectioned into one row unit or a plurality of
row units,

[0077] at least the second control line and the second con-
trol line or the third control line connected to the other termi-
nal of'the first capacitor element are drivably arranged in units
of the sections, and

[0078] the control line drive circuit, with respect to a sec-
tion that is not targeted by the self-refresh action, preferably
applies a predetermined voltage to set the third transistor
element to a non-conducting state to the second control line or
does not apply the voltage pulse to the second control line or
the third control line connected to the other terminal of the
first capacitor element, and

[0079] sequentially switches the sections targeted by the
self-refresh action to separately execute the self-refresh
action for each of the sections.

[0080] When the first switch circuit has a configuration that
does not include a switch element except for the fourth tran-
sistor element,

[0081] the plurality of pixel circuits targeted by the self-
refresh action are sectioned into one column unit or a plurality
of column units,

[0082] at least the second control line and the second con-
trol line or the third control line connected to the other termi-
nal of'the first capacitor element are drivably arranged in units
of the sections, and

[0083] the control line drive circuit, with respect to a sec-
tion that is not targeted by the self-refresh action, preferably
applies a predetermined voltage to set the third transistor
element to a non-conducting state to the second control line or

In addition to the above characteristics,

Jun. 21, 2012

does not apply the voltage pulse to the second control line or
the third control line connected to the other terminal of the
first capacitor element, and

[0084] sequentially switches the sections targeted by the
self-refresh action to separately execute the self-refresh
action for each of the sections.

[0085] The display device according to the present inven-
tion, in addition to the above characteristics,

[0086] in which the first switch circuit does not include a
switch element except for the fourth transistor element and
the other terminal of the first capacitor element is connected
to the third control line,

[0087] the unit display element is configured by a liquid
crystal display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between the
pixel electrode and the counter electrode,

[0088] in the display element unit, the internal node is
connected to the pixel electrode directly or through a voltage
amplifier, and

[0089] a counter electrode voltage supply circuit that sup-
plies a voltage to the counter electrode is arranged,

[0090] is characterized by executing a series of operations:
[0091] in aself-polarity-inverting action to operate the first
switch circuits, the second switch circuits, and the control
circuits to simultaneously invert polarities of voltages applied
across the pixel electrodes and the counter electrodes in the
plurality of pixel circuits,

[0092] asaninitial state setting action performed before the
self-polarity-inverting action is started,

[0093] the scanning signal line drive circuit applies a pre-
determined voltage to the scanning signal line connected to
all the pixel circuits in the pixel circuit array to set the fourth
transistor element to a non-conducting state,

[0094] the control line drive circuit

[0095] applies a predetermined voltage to the first control
line to generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage state
of binary pixel data held by the internal node is in a first
voltage state or a second voltage state,

[0096] applies a predetermined voltage to the second con-
trol line to set the third transistor element to a non-conducting
state, and

[0097] applies a predetermined initial voltage to the third
control line,

[0098] after the initial state setting action,

[0099] the control line drive circuit

[0100] applies a pulse having a predetermined voltage

amplitude to the third control line to give a change in voltage
by a capacitive coupling through the first capacitor element to
the one terminal of the first capacitor element, so that when a
voltage of the internal node is in the first voltage state, since
the second transistor element is set to a non-conducting state,
the change in voltage is not suppressed and the first transistor
element is set to a conducting state, and when the voltage of
the internal node is in the second voltage state, since the
second transistor element is set to a conducting state, the
change in voltage is suppressed and the first transistor ele-
ment is set to a non-conducting state, and,

[0101] thereafter, applies a predetermined voltage to the
first control line to set the second transistor element to a
non-conducting state regardless of a voltage state of the inter-
nal node,

[0102] after the scanning signal line drive circuit, thereaf-
ter, applies a scanning voltage pulse having a predetermined
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voltage amplitude to all the scanning signal lines connected to
the plurality of pixel circuits targeted by the self-polarity-
inverting action to temporarily set the fourth transistor ele-
ment to a conducting state, the scanning signal line drive
circuit returns the fourth transistor element in a non-conduct-
ing state,

[0103] the counter electrode voltage supply circuit changes
the voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to a
non-conducting state until the scanning signal line drive cir-
cuit ends application of the scanning voltage pulse,

[0104] the controlline drive circuit applies a predetermined
voltage to the second control line to set the third transistor
element to a conducting state for at least a predetermined
period after the scanning signal line drive circuit ends the
application of the scanning voltage pulse and, thereafter,
stops pulse application to the third control line, and the data
signal line drive circuit

[0105] applies a voltage in the first voltage state, at least
while the scanning signal line drive circuit applies the scan-
ning voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-invert-
ing action, and

[0106] applies a voltage inthe second voltage state to all the
voltage supply lines connected to the plurality of pixel cir-
cuits targeted by the self-polarity-inverting action for at least
a partial period immediately before the control line drive
circuit ends the application of the predetermined voltage to
set the third transistor element to a conducting state to the
second control line.

[0107] As another method, the display device may execute
a series of operations in which, as an initial state setting action
before the self-polarity-inverting action is started, the control
line drive circuit applies a predetermined initial voltage to the
third control line connected to the other terminal of the first
capacitor element,

[0108] after the initial state setting action, the control line
drive circuit applies a voltage pulse having a predetermined
voltage amplitude to the second control line and the third
control line, stops pulse applications to the second control
line and the third control line at least after the scanning signal
drive circuit ends the application of the voltage pulse, and, for
at least a partial period immediately before the pulse appli-
cations to the second control line and the third control line are
ended, the data signal line control circuit applies a voltage in
the second voltage state to all the data signal lines connected
to the plurality of pixel circuits targeted by the self-polarity-
inverting action.

[0109] On the other hand, the display device may execute a
series of operations in which, when the first capacitor element
is connected to the second control line, as an initial state
setting action performed before the self-polarity-inverting
action is started, the control line drive circuit applies a pre-
determined voltage to the second control line to set the third
transistor element to a non-conducting state,

[0110] after the initial state setting action, the control line
drive circuit applies a pulse having a predetermined voltage
amplitude to the second control line, at least after the scan-
ning signal line drive circuit ends the application of the volt-
age pulse, stops the pulse application to the second control
line, and, for at least a partial period immediately before the
pulse application to the second control line is ended, the data
signal line drive circuit applies a voltage in the second voltage
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state to all the data signal lines connected to the plurality of
pixel circuits targeted by the self-polarity-inverting action.
[0111] In each of the above configurations, in the pixel
circuit, when the first switch circuit is configured by a series
circuit of the third transistor element and the fourth transistor
element or a series circuit a fifth transistor having a control
terminal connected to the control terminal of the third tran-
sistor in the second switch circuit and the fourth transistor
element, the control line drive circuit, for at least a predeter-
mined period from the voltage pulse application of the scan-
ning signal line drive circuit to the end of the pulse applica-
tion, may apply a predetermined voltage to set the third
transistor element to a conducting state to the second control
line, thereafter, stop the pulse application to the second con-
trol line or the third control line connected to the other termi-
nal of the first capacitor element.

[0112] At this time, when the first capacitor element is
connected to the third control line, the second control line and
the third control line may be driven at the same timing. Fur-
thermore, even though the first capacitor element is con-
nected to the second control line, the second control line and
the third control line can be driven by the same method as
described above.

[0113] A display device according to the present invention,
as another characteristic, in which

[0114] the pixel circuit has a configuration in which the first
switch circuit does not include a switch element except for the
fourth transistor element and the other terminal of the first
capacitor element is connected to the third control line,
[0115] the unit display element is configured by a liquid
crystal display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between the
pixel electrode and the counter electrode,

[0116] in the display element unit, the internal node is
connected to the pixel electrode directly or through a voltage
amplifier, and

[0117] a counter electrode voltage supply circuit that sup-
plies a voltage to the counter electrode is arranged,

[0118] is characterized by executing a series of operations:
[0119] inaself-polarity-inverting action to operate the first
switch circuits, the second switch circuits, and the control
circuits to simultaneously invert polarities of voltages applied
across the pixel electrodes and the counter electrodes in the
plurality of pixel circuits,

[0120] asaninitial state setting action performed before the
self-polarity-inverting action is started,

[0121] the scanning signal line drive circuit applies a pre-
determined voltage to the scanning signal line connected to
all the pixel circuits in the pixel circuit array to set the fourth
transistor element to a non-conducting state,

[0122] the control line drive circuit

[0123] applies a predetermined voltage to the first control
line so that a voltage difference is generated at the one termi-
nal of the first capacitor element depending on whether a
voltage state of binary pixel data held by the internal node is
a first voltage state or a second voltage state, and in the case
where the voltage of the first or second terminal of the first
transistor element is set in the second voltage state, the first
transistor element is set to a conducting state when the inter-
nal node is in the first voltage state, and the first transistor
element is set to a non-conducting state when the internal
node is in the second voltage state, due to the voltage differ-
ence at the one terminal of the first capacitor element,
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[0124] applies a predetermined voltage to the second con-
trol line to set the third transistor element to a non-conducting
state, and

[0125] applies a predetermined initial voltage to the third
control line connected to the other terminal of the first capaci-
tor element,

[0126] after the initial state setting action,
[0127] the control line drive circuit
[0128] applies a predetermined voltage to the first control

line to set the second transistor element to a non-conducting
state regardless of whether the internal node is in the first
voltage state or the second voltage state,

[0129] after the scanning signal line drive circuit, thereaf-
ter, applies a pulse having a predetermined voltage amplitude
to all the scanning signal lines connected to the plurality of
pixel circuits targeted by the self-polarity-inverting action to
temporarily set the fourth transistor element to a conducting
state, the scanning signal line drive circuit returns the fourth
transistor element in a non-conducting state,

[0130] the counter electrode voltage supply circuit changes
the voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to a
non-conducting state until the scanning signal line drive cir-
cuit ends application of the voltage pulse,

[0131] thecontrolline drive circuit applies a predetermined
voltage to the second control line to set the third transistor
element to a conducting state for at least a predetermined
period after the scanning signal line drive circuit ends appli-
cation of the voltage pulse, and

[0132] the data signal line drive circuit applies a voltage in
the first voltage state, at least while the scanning signal line
drive circuit applies the voltage pulse, to all the data signal
lines connected to the plurality of pixel circuits targeted by
the self-polarity-inverting action, and

[0133] applies a voltage inthe second voltage state to all the
data signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least a
partial period immediately before the control line drive circuit
ends the application of a predetermined voltage to set the third
transistor element to a conducting state to the second control
line.

[0134] On the other hand, in the pixel circuit, when the
other terminal of the first capacitor element is connected to
the third control line and the first switch circuit is configured
by aseries circuit of the third transistor element and the fourth
transistor element or a series circuit of a fifth transistor having
a control terminal connected to the control terminal of the
third transistor element in the second switch circuit and the
fourth transistor element, after the initial state setting action,
the control line drive circuit, for at least a predetermined
period from the voltage pulse application of the scanning
signal line drive circuit to the end of the pulse application,
may apply a predetermined voltage to set the third transistor
element to a conducting state to the second control line.
[0135] Furthermore, in addition to the above characteris-
tics, when the pixel circuit includes a second capacitor ele-
ment having one terminal connected to the internal node and
the other terminal connected to a fixed voltage line,

[0136] after the scanning signal line drive circuit ends
application of the voltage pulse, a variation in voltage of the
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internal node caused when the application of the voltage pulse
is ended is preferably compensated for by adjusting a voltage
of the fixed voltage line.

Effect of the Invention

[0137] With the configuration of the present invention, in
addition to a normal programming action, action (self-refresh
action) that returns an absolute value of a voltage across both
the terminals of the display element unit to a value in the
immediately previous programming action without perform-
ing a programming action. As in a liquid crystal display
device, in a display device that requires a polarity inverting
action, an action to invert a polarity of a voltage across both
the terminals of the display element unit can be executed
without performing a programming action (self-polarity-in-
verting action).

[0138] When a plurality of pixel circuits are arranged, a
normal programming action is generally executed for each
row. For this reason, at the maximum, driver circuits the
number of which is equal to the number of rows of the
arranged pixel circuits need to be driven.

[0139] According to the pixel circuit of the present inven-
tion, a self-refresh operation is performed to make it possible
to simultaneously execute refresh action to all the plurality of
pixels that are maximally arranged. For this reason, the num-
ber of times of driving of a driver circuit required from the
start of the refresh action to the end thereof can be maximally
reduced to make it possible to realize a low power consump-
tion.

[0140] Since a memory unit such as an SRAM need not be
additionally arranged in the pixel circuit, an aperture does not
decrease unlike in the conventional art.

[0141] Furthermore, according to the pixel circuit of the
present invention, a self-polarity-inverting action is per-
formed to make it possible to simultaneously execute a polar-
ity inverting action to all the plurality of pixels that are maxi-
mally arranged. In comparison with polarity inversion
performed by a normal programming action, the number of
times of driving of a driver circuit required from the start of
the polarity inverting action to the end thereof can be maxi-
mally reduced to make it possible to realize a low power
consumption.

[0142] According to the pixel circuit and the display device
according to the present invention, the self-refresh action and
the self-polarity-inverting action can be arbitrarily combined
to each other. Thus, an effect of a reduction in power con-
sumption in an image display can be further improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0143] FIG. 1is a block diagram showing an example of a
schematic configuration of a display device according to the
present invention.

[0144] FIG. 2 is a schematic structural diagram of a partial
section of a liquid display device.

[0145] FIG. 3 is a block diagram showing an example of a
schematic configuration of a display device according to the
present invention.

[0146] FIG. 4 is a circuit diagram showing a basic circuit
configuration of a pixel circuit of the present invention.
[0147] FIG. 5 is a circuit diagram showing another basic
circuit configuration of the pixel circuit of the present inven-
tion.
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[0148] FIG. 6 is a circuit diagram showing a circuit con-
figuration of a first type of the pixel circuit of the present
invention.

[0149] FIG. 7 is a circuit diagram showing another circuit
configuration of the first type of the pixel circuit of the present
invention.

[0150] FIG. 8 is a circuit diagram showing still another
circuit configuration of the first type of the pixel circuit of the
present invention.

[0151] FIG. 9 is a circuit diagram showing a circuit con-
figuration of a second type of the pixel circuit of the present
invention.

[0152] FIG. 10 is a circuit diagram showing a circuit con-
figuration of a third type of the pixel circuit of the present
invention.

[0153] FIG. 11 is a circuit diagram showing another circuit
configuration of the second type of the pixel circuit of the
present invention.

[0154] FIG. 12 is a circuit diagram showing still another
circuit configuration of the second type of the pixel circuit of
the present invention.

[0155] FIG. 13 is a circuit diagram showing a circuit con-
figuration of a fourth type of the pixel circuit of the present
invention.

[0156] FIG. 14 is a circuit diagram showing a circuit con-
figuration of a fifth type of the pixel circuit of the present
invention.

[0157] FIG. 15 is a circuit diagram showing a circuit con-
figuration of a sixth type of the pixel circuit of the present
invention.

[0158] FIG. 16 is a timing chart of a self-refresh action
performed by the pixel circuit of the first type.

[0159] FIG. 17 is a timing chart of self-refresh actions
performed by the pixel circuits of the fourth to sixth types.
[0160] FIG. 18 is a timing chart of a self-polarity-inverting
action performed by the pixel circuit of the first type.

[0161] FIG. 19 is a timing chart of self-polarity-inverting
actions performed by the pixel circuits of the fourth to sixth
types.

[0162] FIG. 20 is another timing chart of a self-polarity-
inverting action performed by the pixel circuit of the first
type.

[0163] FIG. 21 is another timing chart of self-polarity-in-
verting actions performed by the pixel circuits of the second
to third types.

[0164] FIG. 22 is still another timing chart of a self-polar-
ity-inverting action performed by the pixel circuit of the first
type.

[0165] FIG. 23 is still another timing chart of a self-polar-
ity-inverting action performed by the pixel circuit of the first
type.

[0166] FIG. 24 is a timing chart of self-polarity-inverting
actions performed by the pixel circuits of the second to third
types.

[0167] FIG. 25 is a timing chart of self-polarity-inverting
actions performed by the pixel circuits of the fourth to sixth
types.

[0168] FIG. 26 is atiming chart of a programming action in
the always-on display mode performed by the pixel circuit of
the first type.

[0169] FIG. 27 is a timing chart of programming actions in
the always-on display mode performed by the pixel circuits of
the second to third types.
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[0170] FIG. 28 is a flow chart showing procedures of the
programming action and the self-refresh action in the always-
on display mode.

[0171] FIG. 29 is a flow chart showing procedures of the
programming action and the self-polarity-inverting action in
the always-on display mode.

[0172] FIG. 30 is a flow chart showing procedures of the
programming action, the self-refresh action, and the self-
polarity-inverting action in the always-on display mode.
[0173] FIG. 31 is a timing chart of the programming action
in a normal display mode performed by the pixel circuit of the
first type.

[0174] FIG. 32 is a circuit diagram showing still another
basic circuit configuration of the pixel circuit of the present
invention.

[0175] FIG. 33 is a circuit diagram showing still another
basic circuit configuration of the pixel circuit of the present
invention.

[0176] FIG. 34 is an equivalent circuit diagram of a pixel
circuit in a general active-matrix type liquid crystal display
device.

[0177] FIG. 35 is a block diagram showing a circuit
arrangement of an active-matrix type liquid crystal display
device having mxn pixels.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0178] Embodiments of a pixel circuit and a display device
of the present invention will be described below with refer-
ence to the accompanying drawings. The same reference
numerals as in FIGS. 34 and 35 denote the same constituent
elements in the embodiments.

First Embodiment

[0179] In the first embodiment, configurations of a display
device of the present invention (to be simply referred to as a
“display device” hereinafter) and a pixel circuit of the present
invention (to be simply referred to as a “pixel circuit” here-
inafter) will be described below.

[0180] <Display Device>

[0181] FIG. 1 shows a schematic configuration of a display
device 1. The display device 1 includes an active matrix
substrate 10, a counter electrode 80, a display control circuit
11, a counter electrode drive circuit 12, a source driver 13, a
gate driver 14, and various signal lines (will be described
later). On the active matrix substrate 10, a plurality of pixel
circuits 2 are arranged in row and column directions to form
a pixel circuit array.

[0182] In FIG. 1, to avoid the drawings from being com-
plex, the pixel circuits 2 are displayed to be blocked. In order
to clarify that the various signal lines are formed on the active
matrix substrate 10, for descriptive convenience, the active
matrix substrate 10 is shown on the upper side of the counter
electrode 80.

[0183] In the embodiment, the display device 1 has a con-
figuration in which the same pixel circuits 2 are used to make
it possible to perform screen display in two display modes
including a normal display mode and an always-on display
mode. The normal display mode is a display mode that dis-
plays a moving image or a still image in full color and uses a
transmissive liquid crystal display using a back light. On the
other hand, the always-on display mode of the embodiment is
a display mode that performs two-tone (white and black)
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display in units of pixel circuits and allocates the three adja-
cent pixel circuits 2 to three primary colors (R, G, and B),
respectively, to display eight colors. Furthermore, in the
always-on display mode, a plurality of sets of three adjacent
pixel circuits can also be combined to each other to increase
the number of display colors by area coverage modulation.
The always-on display mode according to the embodiment is
a technique that can be used in transmissive liquid crystal
display or reflective liquid crystal display.

[0184] In the following explanation, for descriptive conve-
nience, a minimum display unit corresponding to one pixel
circuit 2 is called a “pixel”, and “pixel data” programmed in
each of the pixel circuits serves as tone data of each color in
color display in three primary colors (R, G, and B). When
color display is to be performed by using, in addition to the
three primary colors, white and black luminance data, the
luminance data is included in pixel data.

[0185] FIG. 2 is a schematic sectional structural diagram
showing a relation between the active matrix substrate 10 and
the counter electrode 80, and shows a structure of a display
element unit 21 (see FIG. 4) serving as a constituent element
of the pixel circuit 2. The active matrix substrate 10 is a
light-transmitting transparent substrate made of, for example,
glass or plastic.

[0186] Asillustrated in FIG. 1, the pixel circuits 2 including
signal lines are formed on the active matrix substrate 10. In
FIG. 2, the pixel electrode 20 is illustrated as a representative
of a constituent element of the pixel circuit 2. The pixel
electrode 20 is made of a light-transmitting transparent con-
ductive material, for example, ITO (indium tin oxide).
[0187] A light-transmitting counter substrate 81 is
arranged to face the active matrix substrate 10, and a liquid
crystal layer 75 is held in a gap between both the substrates.
Deflection plates (not shown) are stuck to outer surfaces of
both the substrates.

[0188] The liquid crystal layer 75 is sealed by a seal mem-
ber 74 at the peripheral portions of both the substrates. On the
counter substrate 81, the counter electrode 80 made of a
light-transmitting transparent conductive material such as
ITO is formed to face the pixel electrode 20. The counter
electrode 80 is formed as a single film to spread on an almost
entire surface of the counter substrate 81. In this case, a unit
liquid crystal display element Clc (see FIG. 4) is formed by
one pixel electrode 20, the counter electrode 80, and the liquid
crystal layer 75 held therebetween.

[0189] A back light device (not shown) is arranged on a rear
surface side of the active matrix substrate 10 to make it
possible to emit light oriented from the active matrix substrate
10 to the counter substrate 81.

[0190] As shown in FIG. 1, a plurality of signal lines are
formed in vertical and horizontal directions on the active
matrix substrate 10. The plurality of pixel circuits 2 are
formed in the form of a matrix at positions where m source
lines (SL1, SL2, . . ., SLm) extending in the vertical direction
(column direction) and n gate lines (GL1, GL2, . . ., GLn)
extending in the horizontal direction (row direction). Both
reference symbols m and n denote natural numbers that are 2
or more. Each of the source lines is represented by a “source
line SL””, and each of the gate lines is represented by a “gate
line GL”.

[0191] In this case, the source line SL corresponds to a
“data signal line”, and the gate line GL corresponds to a
“scanning signal lines”. The source driver 13 corresponds to
a “data signal line drive circuit”, the gate driver 14 corre-
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sponds to a “scanning signal line drive circuit”, the counter
electrode drive circuit 12 corresponds to a “counter electrode
voltage supply circuit”, and a part of the display control
circuit 11 corresponds to a “control line drive circuit”.
[0192] In FIG. 1, the display control circuit 11 and the
counter electrode drive circuit 12 are shown to be independent
ofthe source driver 13 and the gate driver 14. However, in the
drivers, the display control circuit 11 and the counter elec-
trode drive circuit 12 may be included.

[0193] In the embodiment, as signal lines that drive the
pixel circuits 2, in addition to the source line SL and the gate
line GL described above, a reference line REF, a selecting line
SEL, an auxiliary capacitive line CSL, and a boost line BST
are arranged. The boost line BST can be arranged as a signal
line different from the selecting line SEL, or can also be
common to the selecting line SEL. The boost line BST and the
selecting line SEL are made common to each other, the num-
ber of signal lines to be arranged on the active matrix substrate
10 can be reduced, and an aperture of each pixel can be
increased. FIG. 3 shows a configuration of a display device
when the selecting line SEL. and the boost line BST are
common to each other.

[0194] The reference line REF, the selecting line SEL, and
the boost line BST correspond to a “first control line”, a
“second control line”, and a “third control line”, and are
driven by the display control circuit 11. The auxiliary capaci-
tive line CSL corresponds to a “fourth control line” or a “fixed
voltage line”, and is driven by the display control circuit 11
for example.

[0195] In FIG. 1 and FIG. 3, the reference line REF, the
selecting line SEL, and the auxiliary capacitive line CSL are
arranged along rows to extend in the row direction, and wires
of the rows are connected to each other at a peripheral portion
of the pixel circuit array. However, the wires of the rows are
independently driven, and a common voltage may be able to
be applied depending on operating modes. Depending on a
type of a circuit configuration of the pixel circuit 2 (will be
described later), some or all of the reference line REF, the
selecting line SEL, and the auxiliary capacitive line CSL can
also be arranged along the columns to extend in the column
direction. Basically, the reference line REF, the selecting line
SEL, and the auxiliary capacitive line CSL are commonly
used in the plurality of pixel circuits 2. When the boost line
BST is arranged independently of the selecting line SEL, the
boost line BST may be arranged by the same manner as that
of'the selecting line SEL.

[0196] The display control circuit 11 is a circuit that con-
trols programming actions in a normal display mode and an
always-on display mode (will be described later) and a self-
refresh action and a self-polarity-inverting action in the
always-on display mode.

[0197] In the programming action, the display control cir-
cuit 11 receives a data signal Dv representing an image to be
displayed and a timing signal Ct from an external signal
source, and, based on the signals Dv and Ct, as signals to
display an image on the display element unit 21 (see FIG. 4)
of'the pixel circuit array, generates a digital image signal DA
and a data-side timing control signal Stc given to the source
driver 13, a scanning-side timing control signal Gtc given to
the gate driver 14, a counter voltage control signal Sec given
to the counter electrode drive circuit 12, and signal voltages
applied to the reference line REF, the selecting line SEL, the
auxiliary capacitive line CSL, and the boost line BST, respec-
tively.
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[0198] Thesource driver 13 is a circuit that applies a source
signal having a predetermined voltage amplitude at a prede-
termined timing to the source lines SL under the control of the
display control circuit 11 in the programming action, the
self-refresh action, and the self-polarity-inverting action.

[0199] In the programming action, the source driver 13,
based on the digital image signal DA and the data-side timing
control signal Stc, generates a voltage matched with a voltage
level of a counter voltage Vcom corresponding to a pixel
value of one display line represented by the digital image
signal DA as source signals Scl, Sc2, . . ., Scm every one-
horizontal period (to be also referred to as a “1H period”). The
voltage is a multi-tone analog voltage in the normal display
mode, and is a two-tone (binary) voltage in the always-on
display mode. The source signals are applied to the source
lines SL.1,SL2, .. ., SLm, respectively.

[0200] In the self-refresh action and the self-polarity-in-
verting action, the source driver 13 performs the same voltage
application to all the source lines SL connected to the target
pixel circuits 2 at the same timing under the control of the
display control circuit 11 (will be described in detail later).

[0201] The gate driver 14 is a circuit that applies a gate
signal having a predetermined voltage amplitude to the gate
lines GL at a predetermined timing in the programming
action, the self-refresh action, and the self-polarity-inverting
action. The gate driver 14, like the pixel circuit 2, may be
formed on the active matrix substrate 10.

[0202] In the programming action, the gate driver 14
sequentially selects the gate lines GL1, GL2, . .., GLn every
almost one-horizontal period in each frame period of the
digital image signal DA on the basis of the scanning-side
timing control signal Gtc to program the source signals Scl,
Sc2, . .., Scm in the pixel circuits 2.

[0203] In the self-refresh action and the self-polarity-in-
verting action, the gate driver 14 performs the same voltage
application at the same timing to all the gate lines GL con-
nected to the target pixel circuits 2 under the control of the
display control circuit 11 (will be described in detail later).

[0204] The counter electrode drive circuit 12 applies the
counter voltage Vcom to the counter electrode 80 through a
counter electrode wire CML. In the embodiment, the counter
electrode drive circuit 12 outputs the counter voltage Vcom in
the normal display mode and the always-on display mode
such that the level of the counter voltage Vcom is alternately
switched between a predetermined high level (5 V) and a
predetermined low level (0 V). In this manner, it is called
“counter AC drive” that the counter electrode 80 is driven
while switching the counter voltage Vcom between the high
level and the low level.

[0205] The “counter AC drive” in the normal display mode
switches the counter voltage Vcom between the high level
and the low level every one-horizontal period and one-frame
period. That is, in a certain one-frame period, in two sequen-
tial horizontal periods, a voltage polarity across the counter
electrode 80 and the pixel electrode 20 changes. Even in the
same one-horizontal period, in two sequential frame periods,
a voltage polarity across the counter electrode 80 and the
pixel electrode 20 changes.

[0206] Ontheotherhand, inthe always-on display mode, in
one-frame period, the same voltage level is maintained, but
the voltage polarity across the counter electrode 80 and the
pixel electrode 20 changes in two sequential programming
actions.
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[0207] When a voltage having the same polarity is continu-
ously applied across the counter electrode 80 and the pixel
electrode 20, a display screen burns in (surface burn-in), and
the polarity inverting action is required. However, the
“counter AC drive” is employed, an amplitude of a voltage
applied to the pixel electrode 20 in the polarity inverting
action can be reduced.

[0208] <Pixel Circuit>

[0209] A configuration of the pixel circuit 2 will be
described below with reference to FIGS. 4 to 15. FIGS. 4 and
5 show a basic circuit configuration of the pixel circuit 2 of the
present invention. The pixel circuit 2, being common in all
circuit configurations, includes a display element unit 21
including the unit liquid crystal display element Clc, a first
switch circuit 22, a second switch circuit 23, a control circuit
24, and an auxiliary capacitor element Cs. The auxiliary
capacitor element Cs corresponds to a “second capacitor ele-
ment”.

[0210] The basic circuit configuration shown in FIG. 4
shows a common circuit configuration including basic circuit
configurations of first to third types (will be described later),
and the basic circuit configuration shown in FIG. 5 includes
basic circuit configurations of fourth to sixth types. Since the
unit liquid crystal display element Clc has been described
with reference to FIG. 2, an explanation thereof will be omit-
ted.

[0211] The pixel electrode 20 is connected to one terminals
of the first switch circuit 22, the second switch circuit 23, and
the control circuit 24 to form an internal node N1. The internal
node N1 holds a voltage of pixel data supplied from the source
line SL in the programming action.

[0212] The auxiliary capacitor element Cs has one terminal
connected to the internal node N1 and the other terminal
connected to the auxiliary capacitive line CSL. The auxiliary
capacitor element Cs is additionally arranged to make it pos-
sible to cause the internal node N1 to stably hold the voltage
of the pixel data.

[0213] The first switch circuit 22 has one terminal on which
the internal node N1 is not configured and that is connected to
the source line SL. The first switch circuit 22 includes a
transistor T4 that functions as a switch element. The transistor
T4 means the transistor having a control terminal connected
to the gate line and corresponds to a “fourth transistor”. When
at least the transistor T4 is in an off state, the first switch
circuit 22 is set to a non-conducting state, and conductivity
between the source line SL and the internal node N1 is inter-
rupted.

[0214] The second switch circuit 23 has one terminal on
which the internal node N1 is not configured and that is
connected to the source line SL. The second switch circuit 23
includes a series circuit of a transistor T1 and a transistor T3.
The transistor T1 means a transistor having a control terminal
that is connected to an output node N2 of the control circuit
24, and corresponds to a “first transistor element”. The tran-
sistor T3 means a transistor having a control terminal that is
connected to the selecting line SEL, and corresponds to a
“third transistor element”. When both the transistor T1 and
the transistor T3 are turned on, a second switch circuit 21
becomes in a conducting state, and a conducting state
between the source line SL and the internal node N1 is set.
[0215] The control circuit 24 includes a series circuit of the
transistor T2 and a boost capacitor element Cbst. A first
terminal of the transistor T2 is connected to the internal node
N1, and a control terminal thereof is connected to the refer-
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ence line REF. The second terminal of the transistor T2 is
connected to the first terminal of the boost capacitor element
Cbst and the control terminal of the transistor T1 to form an
output node N2. The second terminal of the boost capacitor
element Cbst is connected to the boost line BST as shown in
FIG. 4 or connected to the selecting line SEL as shown in FIG.
5.

[0216] One terminal of the auxiliary capacitor element Cs
and one terminal of the liquid crystal capacitor element Clc
are connected to the internal node N1. In order to avoid
reference numerals from being complicated, an electrostatic
capacitance (“auxiliary capacitance”) of the auxiliary capaci-
tor element is expressed by Cs, and an electrostatic capaci-
tance (called a “liquid crystal capacitance’) of a liquid crystal
capacitor element is expressed by Clc. At this time, a full
capacitance being parasitic in the internal node N1, i.e., a
pixel capacitance Cp in which pixel data is programmed and
that is to be held is approximately expressed by the sum of the
liquid crystal capacitance Clc and the auxiliary capacitance
Cs (Cp~Clc+Cs).

[0217] At this time, the boost capacitor element Cbst is set
to establish Cbst<<Cp when the electrostatic capacitance
(called a “boost capacitance™) is described as Cbst.

[0218] The output node N2 holds a voltage depending on a
voltage level of the internal node N1 when the transistor T2 is
turned on, and holds the initial hold voltage when the transis-
tor T2 is turned off even though the voltage level of the
internal node N1 changes. By the hold voltage of the output
node N2, the transistor T1 of the second switch circuit 23 is
on/off-controlled.

[0219] Allthe transistors T1 to T4 of four types are thin film
transistors such as polycrystalline silicon TFTs or amorphous
silicon TFTs formed on the active matrix substrate 10. One of
the first and second terminals corresponds to a drain elec-
trode, the other corresponds to a source electrode, and the
control terminal corresponds to a gate electrode. Further-
more, each of the transistors T1 to T4 may be configured by a
single transistor element. When it is necessary to suppress a
leakage current in an off state, the plurality of transistors may
be connected in series with each other to commonly use the
control terminal. In an explanation of action of the pixel
circuit 2, as all the transistors T1 to T4, N-channel type
polycrystalline silicon TFTs each having a threshold voltage
of'about 2 V are supposed.

[0220] The pixel circuit 2, as will be described later, may
have various circuit configurations. However, the circuit con-
figurations may be patterned as follows.

[0221] 1) With respect to the configuration of the first
switch circuit 22, two patterns, i.e., a pattern in which the first
switch circuit 22 is configured by only the transistor T4 and a
pattern in which the first switch circuit 22 is configured by a
series circuit of the transistor T4 and another transistor ele-
ment are possible. In the latter, another transistor element
configuring the series circuit may be the transistor T3 in the
second switch circuit 23 or another transistor element having
the control terminal connected to the control terminal of the
transistor T3 in the second switch circuit 23.

[0222] 2)Withrespectto a signal line connected to a second
terminal (terminal on an opposite side of the terminal forming
the output node N2) of the boost capacitor element Cbst, two
patterns, i.e., a pattern in which the signal line is connected to
the boost line BST and a pattern in which the signal line is
connected to the selecting line SEL are possible. In the latter,
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the selecting line SEL also serves as the boost line BST. As
described above, the former corresponds to FIG. 4, and the
latter corresponds to FIG. 5.

[0223] 3) A plurality of modification patterns can be used
depending on a difference between arrangement positions of
the transistor T3 in the second switch circuit 23.

[0224] With respect to a case in which the control terminal
of'the transistor T3 is connected to the boost line BST, pixel
circuits are classified by types.

[0225] At this time, when the first switch circuit 22 is con-
figured by only the transistor T4, a pixel circuit 2A of a first
type shown in FIG. 6 is supposed. In the first type, the second
switch circuit 23 is configured by a series circuit of the tran-
sistor T'1 and the transistor T3. As an example, a configuration
in which the first terminal of the transistor T1 is connected to
the internal node N1, the second terminal of the transistor T1
is connected to the first terminal of the transistor T3, and the
second terminal of the transistor T3 is connected to the source
line SL is shown. However, the arrangements of the transistor
T1 and the transistor T3 of the series circuit may be replaced
with each other, and a circuit configuration in which the
transistor T1 is interposed between the two transistors T3 may
be used. The two modified circuit configurations are shown in
FIG. 7 and FIG. 8.

[0226] When the second switch circuit 23 is configured by
a series circuit of the transistors T1 and T3, the number of
elements of the transistors T1 and T3 is not limited to the
number of elements shown in FIGS. 6 to 8.

[0227] When the first switch circuit 22 is configured by a
series circuit of the transistor T4 and another transistor ele-
ment, a pixel circuit 2B of a second type shown in FIG. 9 and
a pixel circuit 2C of a third type shown in FIG. 10 are sup-
posed.

[0228] Inthesecondtype, as a transistor element except for
the transistor T4 configuring the first switch circuit 22, a
transistor in the second switch circuit 23 also serves. More
specifically, the first switch circuit 22 is configured by a series
circuit of the transistor T4 and the transistor T3, and the
second switch circuit 23 is configured by a series circuit of the
transistor T1 and the transistor T3. The first terminal of the
transistor T3 is connected to the internal node N1, the second
terminal of the transistor T3 is connected to the first terminal
of the transistor T1 and the first terminal of the transistor T4,
the second terminal of the transistor T4 is connected to the
source line SL, and the second terminal of the transistor T1 is
connected to the source line SL.

[0229] Furthermore, as in FIGS. 7 and 8 of the first type,
also in the second type, the arrangements of the transistor T1
and the transistor T3 in the second switch circuit 23 may be
replaced with each other, and a circuit configuration in which
the transistor T1 is interposed between the two transistors T3
may be used. The two modified circuit configurations
described above are shown in FIG. 11 and FIG. 12.

[0230] In the third type shown in FIG. 10, as the transistor
element except for the transistor T4 configuring the first
switch circuit 22, a transistor T5 having a control terminal
connected to the control terminal of the transistor T3 in the
second switch circuit 23 is used. The transistor T5 corre-
sponds to a “fifth transistor”. Since the control terminals of
the transistor T5 and the transistor T3 are connected to each
other, the transistor T5 is on/off-controlled by the selecting
line SEL like the transistor T3. Since the transistor except for
the transistor T4 configuring the first switch circuit 22 is
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on/off-controlled by the selecting line SEL, the third type is
common in the second type shown in FIG. 9.

[0231] Inthe third type, the arrangements of the transistors
T4 and T5 in the first switch circuit 22 may be replaced with
each other, or the arrangements of the transistors T1 and T3 in
the second switch circuit 23 may be replaced with each other.
The number of transistor elements in each of the switch
circuits can also be increased.

[0232] Furthermore, in the first to third types described
above, the selecting line SEL may be connected to the second
terminal of the boost capacitor element Cbst. The configura-
tions are called the fourth to sixth types, and typical circuit
configurations are shown in FIGS. 13 to 15. In each of the
types, the same modified circuits as those of the first to third
types can be obtained.

Second Embodiment

[0233] Inthesecond embodiment, as typified by the circuits
of the first to the sixth types, the pixel circuit 2A of the first
type shown in FIG. 6 will be described below with respect to
a self-refresh action with reference to the accompanying
drawings. As will be described later, also in a pixel circuit of
another type, as in the first type, the self-refresh action can be
realized.

[0234] The self-refresh action is an action in an always-on
display mode, and is an action in which the first switch circuit
22, the second switch circuit 23, and the control circuit 24 are
operated by a predetermined sequence to the plurality of pixel
circuits 2 to recover potentials (or a potential of the internal
node N1) to a potential programmed by an immediately pre-
vious programming action at the same time in a lump. The
self-refresh action is an action being unique to the present
invention and performed by the pixel circuits 2A to 2F. The
self-refresh action can achieve a very low power consumption
in comparison with an “external refresh action” that performs
a normal programming action as in the conventional tech-
nique to recover the potential of the pixel electrode 20. The
“the same time” in the “at the same time in a lump” is “the
same time” having a time range of a series of self-refresh
actions.

[0235] In the conventional technique, the programming
action is performed to perform an action (external polarity
inverting action) that inverts only a polarity of a liquid crystal
voltage Vcl applied across the pixel electrode 20 and the
counter electrode 80 while maintaining an absolute value of
the liquid crystal voltage Vcl. When the external polarity
inverting action is performed, the polarity is inverted, and the
absolute value of the liquid crystal voltage V¢l is updated to
an absolute value in a state at the time of an immediately
previous programming action. More specifically, polarity
inversion and refreshing are simultaneously performed. For
this reason, although a refresh action is not normally executed
to update only the absolute value of the liquid crystal voltage
Vel without inverting the polarity by the programming action,
in terms of comparison with the self-refresh action, such a
refresh action is called an “external refresh action” in the
following explanation for descriptive convenience.

[0236] Even though the refresh operation is executed by the
external polarity inverting action, the programming action is
still performed. More specifically, in comparison with the
conventional method, a very low power consumption can also
be achieved by the self-refresh action according to the
embodiment.
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[0237] Voltages are applied to all the gate lines GL, the
source lines SL, the selecting line SEL, the reference line
REF, the auxiliary capacitive line CSL, the boost line BST,
and the counter electrode 80 that are connected to the pixel
circuits 2 targeted by the self-refresh action at the same tim-
ing. At the same timing, the same voltage is applied to all the
gate lines GL, the same voltage is applied to all the reference
lines REF, the same voltage is applied to all the auxiliary
capacitive lines CSL, and the same voltage is applied to all the
boost lines BST. The timing control of the voltage applica-
tions is performed by the display control circuit 11 shown in
FIG. 1, and the voltage applications are performed by the
display control circuit 11, the counter electrode drive circuit
12, the source driver 13, and the gate driver 14, respectively.
[0238] In the always-on display mode according to the
embodiment, since two-tone (binary) pixel data is held in
units of pixel circuits, a pixel voltage V20 held in the pixel
electrode 20 (internal node N1) exhibits two voltage states
including a first voltage state and a second voltage state. In the
embodiment, like the counter voltage Vcom described above,
the first voltage state and the second voltage state will be
explained as a high level (5 V) and a low level (0 V), respec-
tively.

[0239] In a state immediately previous to the execution of
the self-refresh action, it is supposed that a pixel in which a
pixel electrode 20 is programmed with a high-level voltage
and a pixel in which a pixel electrode is programmed with a
low-level voltage are mixed. However, according to the self-
refresh action of the embodiment, even though the pixel elec-
trode 20 is programmed with any one of high-level and low-
level voltages, a voltage applying process based on the same
sequence is performed to make it possible to execute a refresh
action to all the pixel circuits. This will be described below
with reference to a timing chart and a circuit diagram.
[0240] A case in which a high-level voltage is programmed
in the internal node N1 by an immediately previous program-
ming action and recovered is called a “case A”, and a case in
which a low-level voltage is programmed in the internal node
N1 by the previous programming action and recovered is
called a “case B”.

[0241] FIG. 16 shows a timing chart of a self-refresh action
of a first type. As shown in FIG. 16, the self-refresh action is
exploded into two phases P1 and P2. Start times of the phases
are represented by t1 and t2, respectively. FIG. 16 shows
voltage waveforms of all the gate lines GL, the source lines
SL, the selecting line SEL, the reference line REF, the auxil-
iary capacitive line CSL, and the boost line BST that are
connected to the pixel circuits 2A targeted by the self-refresh
action, and a voltage waveform of the counter voltage Vcom.
In the embodiment, all the pixel circuits of the pixel circuit
array are targeted by the self-refresh action.

[0242] Furthermore, in FIG. 16, voltage waveforms of pixel
voltages V20 of the internal nodes N1 in the case A and the
case B, a voltage VN2 of the output node N2, and on/off states
in the phases of the transistors T1 to T4 are shown.

[0243] It is assumed that, at a point of time before time t1,
high-level programming is performed in the case A and low-
level programming is performed in the case B.

[0244] When a time has elapsed after the programming
action is executed, the pixel voltage V20 varies with genera-
tion of leakage currents of the transistors in the pixel circuit.
In the case A, the pixel voltage V20 is 5 V immediately after
the programming action. However, the value decreases to a
value lower than the initial value with time. Similarly, in the
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case B, the pixel voltage V20 is 0 V immediately after the
programming action. However, the value increases to a value
larger than the initial value with time. This is shown in the
figure such that the pixel voltage V20 in the case A exhibits a
voltage slightly lower than 5V at a point of time t1, and the
pixel voltages V20 in the case B exhibits a voltage slightly
higher than O V.

[0245] Voltage levels applied to the lines in units of phases
will be described below.

[0246] <<Phase P1>>

[0247] Inaphase P1 started from time t, a voltage is applied
to a gate line GL1 such that the transistor T4 is completely
turned off. The voltage is set to -5 V.

[0248] A voltage (5 V) corresponding to the first voltage
state is applied to the source line SL. A voltage is applied to
the selecting line SEL such that the transistor T3 is com-
pletely turned on. The voltage is set to 8 V.

[0249] The counter voltage Vcom applied to the counter
electrode 80 and a voltage applied to the auxiliary capacitive
line CSL are set to 0 V. The above description means that the
voltage is not limited to 0 V but still kept at a voltage value
obtained at a point of time before time t1.

[0250] To the reference line REF, a voltage is applied such
that the transistor T2 is set to a non-conducting state when a
voltage state of the internal node N1 is a high level (case A)
and the transistor T2 is set to a conducting state when the
voltage state is a low level (case B). The voltage is set to S V.
[0251] As will be described later in the fifth embodiment,
since the transistor T2 is in a conducting state in the program-
ming action, the nodes N1 and N2 are set to high-level poten-
tial (5 V) in the case A in which high-level programming is
performed, and the nodes N1 and N2 are set to low-level
potential (0V) in the case B in which low-level programming
is performed.

[0252] Upon completion of the programming action, the
transistor T2 is set to a non-conducting state. However, since
the node N1 is disconnected from the source line SL, the
potentials of the nodes N1 and N2 are still held. More spe-
cifically, the potentials of the nodes N1 and N2 immediately
before time t1 are approximately 5 V in the case A and are
approximately O V in the case B. The “approximately” is a
description given in consideration of a variation in potential
by generation of a leakage current.

[0253] Whenavoltage of 5V is applied to the reference line
REF at time t1, the nodes N1 and N2 are approximately 5V in
the case A. For this reason, a voltage Vgs between the gate and
the source of the transistor T2 approximately becomes 0 V
and is lower than a threshold voltage of 2 V, so that the
transistor T2 is set to a non-conducting state. In contrast to
this, in the case B, since the nodes N1 and N2 configuring the
drain or the source of the transistor T2 are approximately set
to 0V, the voltage Vgs between the gate and the source of the
transistor T2 approximately becomes 5V and is higher than a
threshold voltage of 2 V, so that the transistor is set to a
conducting state.

[0254] Specifically, in the case A, the transistor T2 need not
be completely in a non-conducting state, and electricity need
only be prevented from being conducted from the node N2 to
the node N1.

[0255] To theboostline BST, a high-level voltage is applied
such that the transistor T1 is set to a conducting state when the
voltage state of the node N1 is a high level (case A) and set to
a non-conducting state when the voltage state is a low level
(case B).
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[0256] The boost line BST is connected to one terminal of
the boost capacitor element Cbst. For this reason, when a
high-voltage level is applied to the boost line BST, the poten-
tial of the other terminal of the boost capacitor element Cbst,
i.e., the potential of the output node N2 is raised. In this
manner, it will be called “boost raising” that the voltage
applied to the boost line BST is increased to raise the potential
of the output node N2.

[0257] As described above, in the case A, the transistor T2
is in a non-conducting state at time t1 in the case A. For this
reason, a variation in potential of the node N2 caused by boost
raising is determined by a ratio of a boost capacitance Cbst to
a full capacitance parasitic in the node N2. As an example,
when the ratio is 0.7, a voltage of one electrode of a boost
capacitor element increases by AVbst, and a voltage of the
other electrode, i.e., the node N2, consequently increases by
about 0.7AVbst.

[0258] In the case A, since the pixel voltage V20 approxi-
mately exhibits 5 V at time t1, the transistor T1 is in a con-
ducting state when a high potential higher than the pixel
voltages V20 by the threshold voltage of 2 V is applied to the
gate of the transistor T1, i.e., the output node N2. In the
embodiment, a voltage applied to the boost line BST at time
tl is set to 10 V. In this case, the output node N2 consequently
increases by 7 V. At a point of time immediately before time
t1, since the node N2 exhibits a potential (5 V) almost equal to
that of the node N1, the node N2 exhibits about 12 'V by boost
raising. Thus, since a potential difference equal to or higher
than a threshold voltage is generated between the gate and the
node N1 in the transistor T1, the transistor T1 is in a conduct-
ing state.

[0259] On the other hand, in the case B, the transistor T2 is
in a conducting state at time t1. More specifically, unlike in
the case A, the output node N2 and the internal node N1 are
electrically connected to each other. In this case, a variation in
potential of the output node N2 caused by boost raising is
influenced by, in addition to a boost capacitance Cbst and a
full parasitic capacitance of the node N2, a full parasitic
capacitance of the internal node N1.

[0260] One terminal of the auxiliary capacitor element Cs
and one terminal of the liquid crystal capacitor element Clc
are connected to the internal node N1, a full capacitance Cp
being parasitic in the internal node N1 is approximately
expressed by a sum of the liquid crystal capacitance Clc and
the auxiliary capacitance Cs as described above. The boost
capacitance Cbst has a value that is considerably smaller than
that of a liquid crystal capacitance Cp. Therefore, a ratio of
the boost capacitance to the total of capacitances is very low,
for example, a value of 0.01 or less. In this case, when a
potential of one electrode of the boost capacitor element
increases by AVbst, a potential of the other electrode, i.e., the
output node N2 increases by only about 0.01AVbst at most.
More specifically, in the case B, AVbst=10V is satisfied, a
potential VN2 of the output node N2 rarely increases.
[0261] In the case B, since low-level programming is per-
formed in the immediately previous programming action, the
output node N2 exhibits about 0 V immediately before time
t1. Therefore, even though boost raising is performed at time
t1, a potential enough to set the transistor T1 to a conducting
state is not given to the gate of the transistor T1. More spe-
cifically, unlike in the case A, the transistor T1 is still in a
non-conducting state.

[0262] In the case B, a potential of the output node N2
immediately before time t1 is not necessarily 0V, and it only
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has to be a potential that does not set at least T1 to a conduct-
ing state. Similarly, in the case A, a potential of the node N1
immediately before time t1 is not necessarily 5 V, and it only
has to be a potential that sets the transistor T1 to a conducting
state by performing boost raising when the transistor T2 is in
a non-conducting state.

[0263] In the case A, boost raising is performed to set the
transistor T1 to a conducting state. Since a high-level voltage
is applied to the selecting line SEL to set the transistor T3 to
a conducting state, the second switch circuit 23 is set to a
conducting state. Thus, the high-level voltage in the first
voltage state applied to the source line SL is applied to the
internal node N1 through the second switch circuit 23. In this
manner, the potential of the internal node N1, i.e., the pixel
voltage V20 returns to the first voltage state. This is shown in
FIG. 16 such that, the value of the pixel voltage V20 returns to
5V when a short period of time has elapsed from time t1.
[0264] On the other hand, in the case B, since the transistor
T1 is still in a non-conducting state even after boost raising,
the second switch circuit 23 is in a non-conducting state.
Thus, the high-level voltage applied to the source line SL is
not given to the node N1 through the second switch circuit 23.
More specifically, the potential of the node N1 still exhibits a
value at a level almost equal to that at time t1, i.e., approxi-
mately O V.

[0265] As described above, in the phase P1, a refresh action
of the pixel voltage V20 (case A) programmed in the first
voltage state is performed.

[0266] <<Phase P2>>

[0267] In a phase P2 started from time t2, voltages applied
to the gate line GL, the reference line REF, and the auxiliary
capacitive line CSL and the counter voltage Vcom are set to
the same values as those in the phase P1.

[0268] A voltage applied to the source line SL decreases to
a voltage in the second voltage state (0 V).

[0269] A voltage to set the transistor T3 to a non-conduct-
ing state is applied to the selecting line SEL. The voltage is set
to =5 V. In this manner, the second switch circuit 23 is set to
a non-conducting state.

[0270] A voltage applied to the boost line BST is decreased
to a voltage in a state before boost raising is performed. The
voltage is set to 0 V. When the voltage of the boost line BST
decreases, a potential of the node N1 is pushed down.
[0271] Also in the phase P2, since the transistor T2 is in a
conducting state in the case B, even though the voltage of the
boost line BST changes, the potential of the node N2 is rarely
influenced. More specifically, the potential is maintained at
about 0 V. The node N1 and the node N2 exhibit the same
potential.

[0272] Inthe phase P2, the same voltage state is maintained
for a time considerably longer than that in the phase P1.
Meanwhile, a low-level voltage (0 V) is applied to the source
line SL. For this reason, due to generation of a leakage current
in this period, the pixel voltage V20 in the case B changes to
be close to 0V with time. More specifically, at a point of time
immediately before time t1, even though a potential of the
pixel voltage V20 in the case B is higher than 0V, the potential
changes to be close to 0 V in the period of the phase P2.
[0273] On the other hand, in the case A, the potential of the
pixel voltage V20 returns to 5 V by the phase P1. However,
due to the presence of a leakage current thereafter, the poten-
tial gradually decreases with time.

[0274] As described above, in the phase P2, an action to
cause the pixel voltage V20 (case B) programmed in the
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second voltage state to be gradually close to 0V is performed.
A so-called refresh action of the pixel voltage V20 pro-
grammed in the second voltage state is performed.

[0275] Thereafter, the phases P1 and P2 are repeated to
make it possible to return the pixel voltages V20 in both the
cases A and B to those in the immediately previous program-
ming state.

[0276] As in the conventional technique, when a refresh
action is to be performed by programming performed by
voltage application through the source line SL, the gate lines
GL need to be horizontally scanned one by one. For this
reason, high-level voltages the number of which is the num-
ber (n) of gate lines need to be applied to the gate lines GL.
Since a potential having the same level as a potential level
programmed in the immediately previous programming
action needs to be applied to the source lines SL, the source
driver 13 needs to be driven n times at most.

[0277] In contrast to this, according to the embodiment,
pulse voltages are simultaneously applied to the source line
SL, the selecting line SEL, and the boost line BST once while
applying a constant voltage to the reference line REF. There-
after, when a low-level potential is only maintained, the
potentials of the pixel electrodes 20 can be returned to a
potential state in the programming action with respect to all
the pixels. More specifically, in a 1-frame period, in order to
return the potentials of the pixel electrodes 20 of the pixels, it
is only necessary to change the voltages applied to the lines
once. Meanwhile, a low-level voltage need only be applied to
all the gate lines GL.

[0278] Thus, according to the self-refresh action of the
embodiment, in comparison with a normal external refresh
action, the number of times of voltage application to the gate
lines GL and the number of times of voltage application to the
source lines SL can be considerably reduced. Furthermore,
the way of controlling the voltage application can also be
simplified. For this reason, power consumptions of the gate
driver 14 and the source driver 13 can be considerably
reduced.

[0279] The self-refresh action of the embodiment will be
concluded as follows. The first switch circuit 22 is set in a
non-conducting state for the phases P1 to P2. In the phase P1,
the second switch circuit 23 is set to a conducting state in the
case A, and a high-level voltage corresponding to the first
voltage state is given from the source line SL to the internal
node N1. On the other hand, in the case B, the second switch
circuit 23 is set to a non-conducting state not to give the
high-level voltage to the internal node N1. In the phase P2, the
second switch circuits 23 both in the cases A and B are set to
a non-conducting state to give a low-level voltage to the
source line SL.

[0280] Based on the above, it can be understood that the
same timing chart as that in FIG. 16 is applied to circuits of the
second and third types to make it possible to realize all the
same self-refresh action.

[0281] As is apparent from FIG. 16, a voltage pulse is
applied to the selecting line SEL and the boost line BST at the
same timing. A voltage to set the transistor T3 to a conducting
state in the phase P1 and a voltage to set the transistor T3 to a
non-conducting state in the phase P2 may be applied to the
selecting line SEL. Thus, the voltage applied to the boost line
BST is applied to the selecting line SEL to make it possible to
realize a self-refresh action in the pixel circuits of the fourth
to sixth types. A timing chart obtained at this time is shown in
FIG. 17. Since the actions are common in the first type, an
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explanation thereof will be omitted. In FIG. 17, of voltage
applied to the SEL, a low-level voltage value may be set
within a range in which the low-level voltage is given to the
gate of the transistor T3 to make it possible to completely turn
off the transistor T3. A high-level voltage value may be set
within a range in which the high-level voltage is given to the
gate of the transistor T3 to make it possible to turn on the
transistor T3 one terminal of which +5V is applied to and to
turn on the transistor T1 by raising the potential of the output
node N2 in the case A.

Third Embodiment

[0282] In the third embodiment, as a representative of the
circuits of the first to sixth types, a self-polarity-inverting
action performed by the pixel circuit 2A of the first type
shown in FIG. 6 will be described below with reference to the
drawings. As will be described later, also in a pixel circuit of
another type, as in the first type, the self-polarity-inverting
action can be realized.

[0283] The self-polarity-inverting action is an action in an
always-on display mode, and is an action in which the first
switch circuit 22, the second switch circuit 23, and the control
circuit 24 are operated by a predetermined sequence to the
plurality of pixel circuits 2 to invert the polarity of liquid
crystal voltage Vlc applied across the pixel electrode 20 and
the counter electrode 80 at the same time in a lump while
keeping the absolute value of the liquid crystal voltage Vlc.
The self-polarity-inverting action is an action unique to the
present invention performed by the pixel circuits 2A to 2F to
make it possible to realize a very low power consumption
contrary to a conventional “external polarity inverting
action”. The “the same time” in the “at the same time in a
lump” is “the same time” having a time range of a series of
self-polarity-inverting actions.

[0284] The same voltages are applied to all the gate lines
GL, the source lines SL, the selecting line SEL, the reference
line REF, the auxiliary capacitive line CSL, the boost line
BST, and the counter electrode 80 that are connected to the
pixel circuits 2 targeted by the self-polarity-inverting action at
the same timing. The timing control of the voltage applica-
tions is performed by the display control circuit 11 shown in
FIG. 1, and the voltage applications are performed by the
display control circuit 11, the counter electrode drive circuit
12, the source driver 13, and the gate driver 14, respectively.
[0285] Voltages are applied to all the gate lines GL, the
source lines SL, the selecting line SEL, the reference line
REEF, the auxiliary capacitive line CSL, the boost line BST,
and the counter electrode 80 that are connected to the pixel
circuits 2 targeted by the self-polarity-inverting action at the
same timing. At the same timing, the same voltage is applied
to all the gate lines GL, the same voltage is applied to all the
reference lines REF, the same voltage is applied to all the
auxiliary capacitive lines CSL, and the same voltage is
applied to all the boost lines BST. The timing control of the
voltage applications is performed by the display control cir-
cuit 11, and the voltage applications are performed by the
display control circuit 11, the counter electrode drive circuit
12, the source driver 13, and the gate driver 14, respectively.
[0286] The liquid crystal voltage Vlc is expressed by the
following numerical expression 2 using a counter voltage
Vcom of the counter electrode 80 and the pixel voltage V20
held by the pixel electrode 20.

Vie=V20-Vcom (Numerical Expression 2)
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[0287] The always-on display mode of the embodiment, as
in the second embodiment, will be described such that the
pixel voltage V20 exhibits two voltage states including the
first voltage state and the second voltage state, the first voltage
state and the second voltage state being set at a high level (5
V) and a low level (0 V), respectively. At this time, liquid
crystal voltage Vicis +5 V or -5V when the pixel voltage V20
is different from the counter voltage Vcom, and is 0 V when
the pixel voltage V20 and the counter voltage Vcom are the
same voltages.

[0288] More specifically, by the self-polarity-inverting
action, the pixel circuit 2 having liquid crystal voltage Vle=+5
V has liquid crystal voltage Vle=-5 V, the pixel circuit 2
having liquid crystal voltage Vle=-5 V has liquid crystal
voltage Vle=+5V, and the pixel circuit 2 having liquid crystal
voltage VIc=0 V maintains liquid crystal voltage V1c=0 V.
[0289] More specifically, by the self-polarity-inverting
action, the counter voltage Vcom and the pixel voltage V20
transitions from a high level (5 V) to a low level (0V) or from
the low level (0V) to the high level (5 V). A case in which the
counter voltage Vcom transitions from the low level (0V) to
the high level (5 V) will be described below. In this case, a
case in which the pixel electrode 20 is programmed in a
high-level state before self-polarity-inverting action is
defined as a “‘case A”, and a case in which the pixel electrode
20 is programmed in a low level state is defined as a “case B”.
At this time, in the case A, the pixel voltage V20 transitions
from a high level to a low level by the self-polarity-inverting
action. In the case B, the pixel voltage V20 transitions from a
low level to a high level.

[0290] FIG. 18 is a timing chart of a self-polarity-inverting
action performed by the pixel circuit of the first type. As
shown in FIG. 18, the self-polarity-inverting action is
exploded into nine phases P10 to P18. Start times of the
phases are represented by t10, 111, . . . , t18, respectively. FIG.
18 shows voltage waveforms of all the gate lines GL, the
source lines SL, the selecting line SEL, the reference line
REF, the auxiliary capacitive line CSL, and the boost line
BST that are connected to the pixel circuits 2A targeted by the
self-polarity-inverting action, and a voltage waveform of the
counter voltage Vcom. In the embodiment, all the pixel cir-
cuits of the pixel circuit array are targeted by the self-polarity-
inverting action.

[0291] Furthermore, in FIG. 18, voltage waveforms of pixel
voltages V20 of the nodes N1 in the case A and the case B, a
voltage VN2 of the output node N2, and on/off states in the
phases of the transistors T1 to T4 are shown.

[0292] <<Phase P10>>

[0293] In the phase P10 started from time t10, initial state
setting for the self-polarity-inverting action is performed.
[0294] A voltageis applied to the gate line GL such that the
transistor T4 is completely turned oft. The voltage is set to -5
V. A voltage (0 V) corresponding to the second voltage state
is applied to the source line SL.

[0295] A voltage is applied to the selecting line SEL such
that the transistor T3 is completely turned off. The voltage is
set to =5 V. 0V is applied to the boost line BST.

[0296] The counter voltage Vcom applied to the counter
electrode 80 and a voltage applied to the auxiliary capacitive
line CSL are set to 0 V. In this embodiment, the voltage
applied to the auxiliary capacitive line CSL is fixed to 0 V but
is not limited to O V. The counter voltage Vcom changes into
5V to perform polarity inversion in the subsequent phases.
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[0297] To the reference line REF, a voltage is applied such
that the transistor T2 is set to a non-conducting state when a
voltage state of the node N1 is a high level (case A) and the
transistor T2 is set to a conducting state when the voltage state
is a low level (case B). The voltage is set to 5'V.

[0298] The reason a negative voltage of -5V is used as a
voltage value applied to the gate line GL to completely set the
transistor T4 to an off state is that the pixel voltage V20 may
transition to a negative voltage with a change in voltage of the
counter voltage Vcom while keeping the liquid crystal volt-
age Vlc, and, in such a state, it is necessary to prevent the first
switch circuit 22 which is in the non-conducting state from
being unnecessarily set to a conducting state. In the always-
on display mode, since the voltage of the source line SL is in
the first voltage state (5 V) or the second voltage state (0V),
even though the voltage of the internal node N1 becomes a
negative voltage, the transistor T1 of the second switch circuit
23 functions as a reverse-bias diode. For this reason, the
voltage of the selecting line SEL does not always have to be
controlled to a negative voltage like the gate line GL to turn
off the transistor T3.

[0299] <<Phase P11>>

[0300] Inaphase P11 started from time t11, an application
voltage to the source line SL shifts to the first voltage state (5
V).

[0301] A voltage is applied to the selecting line SEL such
that the transistor T3 is completely turned on. The voltage is
setto 8 V.

[0302] To theboostline BST, a high-level voltage is applied
such that the transistor T1 exhibits a conducting state by
raising the potential of the node N2 in the case A. The voltage
is set to 10 V. In the case B, since the transistor T2 is in a
conducting state, even though the potential of the node N2 is
rarely increased by boost raising, and the transistor T1 is still
kept in a non-conducting state. Therefore, the second switch
circuit 23 is set to a conducting state in the case A, and the
second switch circuit 23 is in a non-conducting state in the
case B. In both the cases, the first switch circuit 22 is in a
non-conducting state.

[0303] Inthe phase P10, when the potential of the node N2
in the case A is at a level at which the transistor T1 can be set
to a conducting state, a high-level voltage applying action to
the boost line BST does not always have to be performed. The
case will be described in detail in the fourth embodiment.
[0304] <<Phase P12>>

[0305] Inaphase P12 started from time t12, a voltage of the
reference line REF is set to a low level, and the transistor T2
is set to a non-conducting state regardless of the cases A and
B. In this manner, the output node N2 is disconnected from
the internal node N1 regardless of the cases A and B. In the
case A, the potential VN2 of the output node N2 exhibits a
high level by boost raising in the phase P11. On the other
hand, in the case B, the potential VN2 of the output node N2
exhibits a low-level potential (approximately 0 V) without
being influenced by boost raising. Since the transistor T2 is
set to a non-conducting state, even though the potential of the
node N1 changes, the potential of the node N2 is kept.
[0306] <<Phase P13>>

[0307] In a phase P13 started from time t13, the counter
voltage Vcom shifts to a high level (5 V).

[0308] Inthis manner, the potential of the counter electrode
80 increases, a potential of the other electrode of the liquid
crystal capacitor element Clc, i.e., a potential of the pixel
electrode 20 partially increases. A variation in potential at this
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time is determined by a ratio of the liquid crystal capacitance
Clc to a full parasitic capacitance being parasitic in the node
N1. The liquid crystal capacitance Clc and the auxiliary
capacitance Cs are sufficiently larger than other parasitic
capacitance. Actually, the variation in potential is determined
by a ratio of the liquid crystal capacitance Clc to a total
capacitance of the liquid crystal capacitance Clc and the
auxiliary capacitance Cs. As an example, the ratio is setto 0.2.
In this case, when the variation in potential of the counter
electrode 80 is AVcom, the potential of the pixel electrode 20
increases by 0.2AVcom. Since AVcom=5V is satisfied, at a
point of time t13, a potential V20 of the pixel electrode 20
increases by about 1V in each of the cases A and B.

[0309] However, in the case A, the second switch circuit 23
is ina conducting state. For this reason, a current flowing from
the node N1 at which the potential slightly increases from 5V
to the source line SL to which 5V is applied is generated. In
this manner, the pixel voltage V20 decreases toward 5V with
time. On the other hand, in the case B, since the second switch
circuit 23 is in a non-conducting state, the above phenomenon
does not occur.

[0310] Asaresult, in the phase P13, anabsolute value of the
liquid crystal voltage VIc is 1 V at most in the case A, and is
about 4 V in the case B. Immediately before time t10, the
absolute value of the liquid crystal voltage Vlc is 5 V in the
case A, and is 0V in the case B. More specifically, in the phase
P13, the absolute value of the liquid crystal voltage Vlc is a
value different from that obtained at a point of time t10 in each
of the cases A and B. For this reason, theoretically, after the
point of time, a displayed image changes. However, a period
until polarity inversion is finally completed is shortened to
make a time for a temporary change of the display state short,
a variation in average value of the liquid crystal voltage Vlc
becomes so small that the variation cannot be visually sensed
by a human being. For example, when the period of each of
the phases is set to about 30 usec, the temporary change of the
display state is visually neglected by a human being without
a problem.

[0311] <<Phase P14>>

[0312] In a phase P14 started from time t14, a high-level
voltage is applied to the gate line GL to set the transistor T4 to
a conducting state. The voltage is set to 8 V. The first switch
circuit 22 is set to a conducting state by the phase P14.
[0313] In the case A, the pixel voltage V20 exhibits 5 V
continuously from the phase P13. On the other hand, in the
case B, since the first switch circuit 22 is set to a conducting
state by the phase P14, a high-level voltage of the source line
SL is given to the internal node N1 through the first switch
circuit 22, and the pixel voltage V20 exhibits 5 V. More
specifically, the pixel voltage V20 is set to the first voltage
state in the phase P13 regardless of the cases A and B.
[0314] <<Phase P15>>

[0315] In a phase P15 started from time t15, a low-level
voltage is applied to the gate line GL again to set the transistor
T4 to a non-conducting state. In this manner, the first switch
circuit 22 is set to a non-conducting state. On the other hand,
the second switch circuit 23 is continuously in a conducting
state in only the case A, and is in a non-conducting state in the
case B.

[0316] At this time, when the transistor T4 is completely
turned off, the first voltage state (5 V) of the internal node N1
varies by capacitive coupling between the gate of the transis-
tor T4 and the internal node N1. In this case, a voltage of the
auxiliary capacitive line CSL may be adjusted, and the varia-
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tion in voltage of the internal node N1 may be compensated
for by capacitive coupling through a second capacitor ele-
ment C2.

[0317] <<Phase P16>>

[0318] In a phase P16 started from time t16, a low-level
voltage (0 V) corresponding to the second voltage state is
applied to the source line SL.

[0319] Inthe case A, since the second switch circuit 23 isin
a conducting state, a current flowing from the internal node
N1 exhibiting a high-voltage potential to the source line SL
through the second switch circuit 23 is generated, and the
node N1 has the same potential as that of the source line SL
exhibiting the second voltage state. More specifically, the
pixel voltage V20 decreases to 0 V.

[0320] On the other hand, in the case B, the second switch
circuit 23 is in a non-conducting state. As a matter of course,
the first switch circuit 22 is also in a non-conducting state.
Therefore, the node N1 is not electrically connected to the
source line SL, and, as in the case A, a current flowing from
the node N1 to the source line SL is not generated. Thereafter,
the pixel voltage V20 is continuously kept at 5 V.

[0321] At the point of time, -5 V is applied to the liquid
crystal voltage Vlc in the case A, and +0 V is applied in the
case B. Therefore, polarity inversion has been completed.
Thereafter, the displayed image returns to the image that is
displayed immediately before the self-polarity-inverting
action is started. After a phase P17, since the absolute value of
the Vic does not change, the displayed image does not change.
[0322] <<Phase P17>>

[0323] Inthe phase P17 started from time t17, the applica-
tion voltage to the boost line BST returns to a low-level
voltage (0V), and a low-level voltage is applied to the select-
ing line SEL to set the transistor T3 to a non-conducting state.
Since the transistor T2 is in a non-conducting state, the poten-
tial of the output node N2 is also decreased by voltage drop of
the boost line BST.

[0324] Inthe case A, at a point of time in the phase P16, the
potential VN2 of the output node N2 is about 10 V. For this
reason, in the phase P17, the potential decreases by about 7V
to exhibits about 3 V.

[0325] On the other hand, in the case B, at the point of time
in the phase P16, the potential VN2 of the output node N2 is
about 0 V. Therefore, as in the case A, the VN2 begins to
decrease toward about -7 V that is lower than 0 V by 7 V.
However, at this time, since the gate potential of the transistor
T2 1is 0V, when an absolute value of a negative potential of the
output node N2 is larger than a threshold voltage Vth of the
transistor T2, the transistor T2 is set to a conducting state in a
direction from the internal node N1 to the output node N2. As
a result, thereafter, the potential VN2 of the output node N2
begins to increase. The potential VN2 increases to a value at
which the transistor T2 is cut off, i.e., to a value that is lower
than the gate potential by the threshold voltage Vth, and then
stops. In the embodiment, since the threshold voltage Vth of
the transistor T2 is 2 V, the VN2 increases to about -2 V and
stops.

[0326] <<Phase P18>>

[0327] Inaphase P18 started from time t18, a voltage of the
reference line REF is returned to 5V in the phase P10.
[0328] Inthe case A, immediately before time t18, since a
potential of the internal node N1 serving as the source of the
transistor T2 is 0V, a potential difference Vgs with the gate of
the transistor T2 is the threshold voltage Vth or more. For this
reason, the transistor T2 is set to a conducting state in a
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direction from the output node N2 to the internal node N1.
Since a parasitic capacitance of the internal node N1 is larger
than that of the output node N2, the potential VN2 of the
output node N2 is attracted by the potential V20 of the internal
node N1 to decrease toward O V. On the other hand, the
potential of the internal node N1 rarely changes, and is still
keptatOV.

[0329] Also in the case B, immediately before time t18,
since a potential of the output node N2 serving as the source
of'the transistor T2 is -2V, a potential difference Vigs with the
gate of the transistor T2 is the threshold voltage Vth or more.
For this reason, the transistor T2 is set to a conducting state in
a direction from the internal node N1 to the output node N2.
In this manner, the potential VN2 of the output node N2
increases to a value at which the transistor T2 is cut off, i.e., to
a value that is lower than the gate potential (5 V) by the
threshold voltage Vth, and then stops. In the embodiment,
since the threshold voltage Vth is 2 V, the value of the VN2
increases to about 3 V, and then stops. The value corresponds
to the value VN2 at time t10 in the case A.

[0330] In aconventional external polarity inverting action,
since the gate lines GL need to be scanned in a vertical
direction one by one, a high-level voltage needs to be applied
to the gate lines GL the number of which is the number (n) of
gate lines. Furthermore, the source driver 13 also needs to be
driven n times at most. In contrast to this, according to the
method of the embodiment, when the voltage application
steps according to the phases P10 to P18 are commonly
performed to all the pixels, the polarity of the liquid crystal
voltage Vlc can be inverted while switching the counter volt-
age Vcom between a high level and a low level. Therefore,
since the numbers of times of voltage application to the gate
line GL and voltage application to the source line SL can be
considerably reduced, power consumptions of the gate driver
14 and the source driver 13 can be considerably reduced.

[0331] In FIG. 18, the case in which the counter voltage
Vcom transitions from the low level (0 V) to the high level (5
V) is explained. However, when the counter voltage Vcom
transitions from the high level (5 V) to the low level (0 V), the
transition timing is the same as described above. When the
phase P13 starts (t13), the transition is performed.

[0332] At this time, at a point of time before polarity inver-
sion, the liquid crystal voltage Vlc is #0V in the case A, and
is =5 Vinthe case B. In the case A, the pixel voltage V20 is set
to the second voltage state (0V) at a point of time in the phase
P16, and the liquid crystal voltage Vlc returns to =0 V. In the
case B, the pixel voltage V20 is forcibly set to the first voltage
state in the phase P14, and the liquid crystal voltage Vlc
becomes +5 V. More specifically, the voltage changes from -5
V to +5 'V, and polarity inversion is executed.

[0333] The self-polarity-inverting action according to the
embodiment will be concluded as follows.

[0334] The first switch circuit 22 is set in a non-conducting
state for the phases P10 to P13. In the phase P11, boost raising
is performed to set the transistor T1 to a conducting state in
only the case A in which the transistor T2 is in a non-con-
ducting state. A voltage of the source line SL is set to the first
voltage state (5 V), and the second switch circuit 23 is set to
a conducting state to set the node N1 to the first voltage state
(5 V). In the phase P12, the transistor T2 is set to a non-
conducting state in both the cases A and B. After the polarity
ofVcom is inverted in the phase P13, the first switch circuit 22
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is set to a conducting state in the phase P14. In this manner,
the internal node N1 is set to the first voltage state (5 V) in
both the cases.

[0335] Thereafter, after the first switch circuit 22 is setto a
non-conducting state in the phase P15, the voltage of the
source SL is set to a second voltage state (0 V) in the phase
P16. In this manner, the node N1 is set to the second voltage
stage (0 V) in only the case A in which the second switch
circuit 23 is in a conducting state. In the case B, since both the
first switch circuit 22 and the second switch circuit 23 are in
anon-conducting state at the point of time, the node N1 is kept
in the first voltage state (5 V).

[0336] The second switch circuit 23 in the case A is set to a
non-conducting state in the phase P17, and the conducting
state of the transistor T2 is returned to the state in the phase
P10 in the phase P18.

[0337] Based on the above, it can be understood that the
same timing chart as that in FIG. 18 is applied to circuits of the
second and third types to make it possible to realize all the
same self-polarity-inverting action.

[0338] Referring to FIG. 18, it is found that a voltage pulse
is applied to the selecting line SEL and the boost line BST at
the same timing. A voltage to set the transistor T3 to a con-
ducting state in the phases P11 to P16 and a voltage to set the
transistor T3 to a non-conducting state in the phases P17 to
P18 may be given to the selecting line SEL. Thus, the appli-
cation voltage of the boost line BST shown in FIG. 18 is
applied to the selecting line SEL to make it possible to realize
a self-polarity-inverting action in the pixel circuits of the
fourth to sixth types. A timing chart obtained at this time is
shown in FIG. 19. Since the actions are common in the first
type, an explanation thereof will be omitted.

[0339] In the method according to the embodiment, since
the internal node N1 is shifted to the first voltage state in both
the cases A and B by the phase P14, an application voltage to
the source line SL is not always set to the first voltage state in
a stage previous to the phase P14. As shown in the timing
charts in FIGS. 18 and 19, when application voltages to the
boost line BST and the selecting line SEL are set at a high
level in the phase P11, at the point of time, the second switch
circuit 23 is set to a conducting state in the case A. For this
reason, thereafter, when the second voltage state (0 V) is
applied to the source line SL, the internal node N1 in the case
A decreases from the first voltage state (5 V) to the second
voltage state (0V).

[0340] Sincethe internal node N1 is forcibly returned to the
first voltage state (0 V) again in the phase P14, even though
the above action is performed, polarity inversion is correctly
executed. However, in comparison with the method described
above, the potential of the internal node N1 largely varies. In
amethod of setting application voltages to the boost line BST
and the selecting line SEL at a high level in the phase P11, in
order to suppress the variation in the internal node N1 in a
self-polarity-inverting action period as much as possible, an
application voltage to the source line SL is preferably set to
the first voltage state (5 V) at a point of time in the phase P11.
[0341] When the boost line BST and the selecting line SEL
are independently configured, an application voltage to the
selecting line SEL may be set to a high-level voltage in only
the phase P16 in which the internal node N1 is set to the
second voltage state through the second switch circuit 23 in
only the case A, and may be set to a low-level voltage in other
periods. An example of a timing chart obtained at this time is
shown in FIG. 20 (the pixel circuit 2A of the first type). In this
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case, since high-level voltage application to the boost line
BST and high-level voltage application to the selecting line
SEL can be performed at different timings, also in the case A,
the second switch circuit 23 can be set to a non-conducting
state in boost raising. Thus, even though an application volt-
age to the source line SL is set to the first voltage state (0V)
in a stage previous to the phase P14, a variation in potential of
the internal node N1 in the case A does not occur.

[0342] Inthe pixel circuits of the second and third types, the
transistor T3 needs to be set to a conducting state at a point of
time in the phase P14. For this reason, in the phases P14 to
P16, a high-level voltage may be applied to the selecting line
SEL (see FIG. 21).

[0343] Inversion of the counter voltage Vcom in the phase
P13 need only be performed before high-level voltage appli-
cation to the gate line GL in the phase P14 is ended. After fall
time t12 of an application voltage to the reference line REF,
the counter voltage Vcom can be inverted before fall time t15
of an application voltage to the gate line GL.

Fourth Embodiment

[0344] In the fourth embodiment, a case in which self-
polarity inversion is performed on the basis of a sequence
different from that in the third embodiment will be described
with reference to the accompanying drawings. Even in this
embodiment, as in the third embodiment, the pixel circuit 2A
of'the first type shown in FIG. 6 will be typically explained.
[0345] As in the third embodiment, voltages are applied to
all the gate lines GL, the source lines SL, the selecting line
SEL, the reference line REF, the auxiliary capacitive line
CSL, the boost line BST, and the counter electrode 80 that are
connected to the pixel circuits 2 targeted by the self-polarity-
inverting action at the same timing. At the same timing, the
same voltage is applied to all the gate lines GL, the same
voltage is applied to all the reference lines REF, the same
voltage is applied to all the auxiliary capacitive lines CSL,
and the same voltage is applied to all the boost lines BST.
[0346] FIG. 22 is a timing chart of a self-polarity-inverting
action according to the embodiment. As shown in FIG. 22, the
self-polarity-inverting action is exploded into eight phases
P20 to P27. Start times of the phases are represented by 20,
121, . . ., 127, respectively. Items shown in FIG. 22 are the
same as those in FIG. 18. An explanation of parts common in
the third embodiment will be arbitrarily omitted.

[0347] <<Phase P20>>

[0348] In aphase P20 started from time t20, an initial state
setting operation before the self-polarity-inverting action is
started is performed.

[0349] Application voltages to the gate line GL, the source
line SL, the selecting line SEL, the boost line BST, and the
auxiliary capacitive line CSL and the counter voltage Vcom
are the same as those in the phase P10 in the third embodi-
ment.

[0350] A voltage value that sets the transistor T2 to a con-
ducting state is applied to the reference line REF regardless of
a voltage state of the internal node N1. The voltage is neces-
sarily higher than the voltage in the phase P10 in the third
embodiment. The voltage is set to 8 V. In this manner, the
transistor T2 exhibits a conducting state in both the cases A
and B.

[0351] Inthis manner, in both the cases A and B, the nodes
N1 and N2 exhibit the same potential. Both the nodes exhibit
the first voltage state in the case A, and both the nodes exhibit
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the second voltage state in the case B. At this time, the tran-
sistor T1 exhibits a cut-off state.

[0352] <<Phase P21>>

[0353] Inthephase P21 started from time t21, the reference
line REF is set at a low level (0 V), and the transistor T2 is
turned off in both the cases A and B. In this manner, the output
node N2 is disconnected from the internal node N1 in both the
cases A and B.

[0354] <<Phase P22>>

[0355] In a phase P22 started from time t22, the counter
voltage Vcom shifts to a high level (5 V). In this manner, as in
the phase P13, the potential V20 of the pixel electrode 20
increases by about 1 V in each of the cases A and B. On the
other hand, the output node N2 is not influenced by an
increase in counter voltage Vcom because the transistor T2 is
in an off state, and an immediately previous potential is kept.
Inaperiod from time t22 when the phase P22 is started to time
t25 when the phase P25 is started, an absolute value of the
liquid crystal voltage Vlc is different from that obtained at a
point of time t20. However, since the period is very short, a
change of an image cannot be visually recognized, and a
problem is not posed. After time t25, the absolute value of the
liquid crystal voltage Vlc is the same as that obtained imme-
diately before time t11 in both the cases A and B.

[0356] <<Phase P23>>

[0357] In a phase P23 started from time t23, a high-level
voltage is applied to the gate line GL to set the transistor T4 to
a conducting state. The voltage is set to 8 V. In this manner, in
the pixel circuit 2A, the first switch circuit 22 is set to a
conducting state.

[0358] Anapplication voltage to the source line SL shifts to
the first voltage state (5 V). In this manner, the potential V20
of the internal node N1 is shifted to the first voltage state
regardless of the cases A and B. Since the transistor T2 is in a
non-conducting state, the potential VN2 of the node N2 is still
kept in the state in the phase P22.

[0359] <<Phase P24>>

[0360] In a phase P24 started from time t24, a low-level
voltage is applied to the gate line GL again to set the transistor
T4 to a non-conduction state. In this manner, the first switch
circuit 22 is set to a non-conducting state. An application
voltage to the source line SL shifts to the second voltage state
(0V). Since the first switch circuit 22 is in a non-conducting
state, the potential of the internal node N1 is kept at the value
in the phase P23.

[0361] At this time, when the transistor T4 is completely
turned off, the first voltage state (5 V) of the internal node N1
may vary by capacitive coupling between the gate of the
transistor T4 and the internal node N1. In this case, a voltage
of the auxiliary capacitive line CSL may be adjusted, and the
variation in voltage of the internal node N1 may be compen-
sated for by capacitive coupling through the second capacitor
element C2.

[0362] <<Phase P25>>

[0363] In a phase P25 started from time t25, a voltage is
applied to the selecting line SEL such that the transistor T3 is
completely turned off. The voltage is set to 8 V.

[0364] At this time, in the case A, the potential VN2 of the
output node N2 is about 5V, and 0 V is applied to the source
line SL. For this reason, the transistor T1 is turned on. More
specifically, the second switch circuit 23 is set to a conducting
state. Immediately before time 25, the potential V20 of the
internal node N1 exhibits about 5V, and 0V is applied to the
source line SL.. Thus, a current is generated from the internal

Jun. 21, 2012

node N1 to the source line SL through the second switch
circuit 23. In this manner, the potential V20 of the internal
node N1 transitions to the second voltage state (0 V). On the
other hand, in the case B, since the VN2 is about 0 V, the
transistor T1 is still in an off state. That is, the second switch
circuit 23 is in a non-conducting state, and the potential of the
internal node N1 is kept at 5 V.

[0365] At the point of time, -5 V is applied to the liquid
crystal voltage Vlc in the case A, and +0 V is applied in the
case B. Therefore, polarity inversion has been completed.
Thereafter, the displayed image returns to the image that is
displayed immediately before the self-polarity-inverting
action is started. After a phase P25, since the absolute value of
the Vlc does not change, the displayed image does not change.
[0366] <<Phase P26>>

[0367] Inaphase P26 started from time t26, an application
voltage to the selecting line SEL returns to a low level (0V) to
set the transistor T3 to a non-conducting state. In this manner,
the internal node N1 is electrically separated from the source
line SL.

[0368] <<Phase P27>>

[0369] In a phase P27 started from time 27, regardless of
the cases A and B, a voltage is applied to reference line REF
such that the transistor T2 is set to a conducting state. The
voltage is set to 8 V.

[0370] Inthis manner, in both the cases A and B, the nodes
N1 and N2 are electrically connected to each other and have
the same potential. Since a parasitic capacitance of the inter-
nal node N1 is larger than that of the output node N2, the
potential of the output node N2 changes toward the potential
of the internal node N1. More specifically, the potential V20
of'the node N2 is set to a second voltage state (0 V) in the case
A, and the potential V20 is set to a first voltage state (5 V) in
the case B.

[0371] When a configuration that is shown in FIG. 7 and in
which one terminal of the transistor T1 is directly connected
to the source line SL is employed as the pixel circuit 2A of the
first type, 5V is applied to the node N2, and 0V is applied to
the source line SL. For this reason, since a potential difference
that is equal to or larger than a threshold voltage is generated
between the gate and the source of the transistor T1, the
transistor T1 is set to a conducting state in the phase P20. This
state is continued until the phase P24. After the phase P25, the
same actions as those in the pixel circuit in FIG. 6 are per-
formed.

[0372] In the method according to this embodiment, even
though the transistor T3 is in an on state in the phase P23, +5
V is applied to the source line SL at this time. For this reason,
a potential of the internal node N1 can be set to the first
voltage state. Based on this, a rise timing of the selecting line
SEL can be advanced as in the third embodiment. The case
will be described below with reference to FIG. 23.

[0373] The selecting line SEL rises to 8 V before the refer-
ence line REF is dropped to 0 V. With the rising of the
selecting line SEL, 5V is applied to the source line SL. At this
time, the transistor T3 is turned on, and 5V is applied to, of the
terminals of the transistor T1, a terminal on the opposite side
ofthe internal node N1. In the case B, since the potential of the
output node N2 is about 0V, the transistor T1 is in an off state.
Even in the case A, since the potential of the output node N2
is about 5V, a voltage that is equal to or higher than the
threshold voltage is not applied across the gate and the source,
and the transistor T1 is still in an off state.
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[0374] Thereference line REF is setto 0V in the phase P22
to set the transistor T2 to an off state. Thereafter, as in the
above embodiment, after the counter voltage Vcom is shifted
to a high level (phase P23), the gate line GL is set to a high
level (phase P24). At this time, since 5 V has been applied to
the source line SL, the potential V20 of the internal node N1
is set to the first voltage state in both the cases. Thereafter, in
the phase P25, the gate line GL is shifted to a low level, and an
application voltage to the source line SL is shifted to the
second voltage state.

[0375] At this time, since the selecting line SEL has been
set at a high level, the same voltage state as in the phase P25
in the timing chart in FIG. 22 is obtained. More specifically,
the transistor T1 is set to a conducting state in only the case A,
and the potential of the internal node N1 decreases to the
second voltage state. On the other hand, in the case B, since
the potential of the output node N2 is low, the transistor T1 is
still in a non-conducting state. For this reason, the potential of
the internal node N1 is continuously maintained in the first
voltage state.

[0376] Thereafter, the same voltages as those in the timing
chart in FIG. 22 need only be supplied. More specifically,
after the selecting line SEL is shifted to a low level in the
phase P26 to turn off the transistor T3, the reference line REF
is shifted to a high level in the phase P27 to turn on the
transistor T2. In this manner, the potential V20 of the internal
node N1 appears at the output node N2.

[0377] In this manner, when the internal node N1 is set to
the first voltage state through the transistor T4, the source line
SL can be set to the first voltage state. For this reason, the
selecting line SEL can be shifted to a high level in a stage
before the gate line GL is shifted to a high level.

[0378] Inthe method shown in the timing chart in FIG. 22,
the first switch circuit 22 needs to be set to a conducting state
in the phase P23. For this reason, when the first switch circuit
22 is the pixel circuit of the second or third type configured by
a series circuit of the transistor T4 and another transistor
element, a part of the sequence needs to be changed. The
second and third types are the same in that connection/dis-
connection control of another transistor element connected in
series with the transistor T4 is performed by the selecting line
SEL. For this reason, the pixel circuits of the second and third
types are realized by the same sequence. A timing chart to
perform a self-polarity-inverting action according to this
embodiment to pixel circuits 2B and 2C of the second and
third types is shown in FIG. 24.

[0379] FIG. 24 is different from FIG. 22 in that a high-level
voltage is applied to the selecting line SEL in the phase P23.
In this manner, the transistor T3 is set to a conducting state in
the phase P23. In the pixel circuit 2C, the transistor T5 is also
set to a conducting state. In this manner, the first switch circuit
22 is set to a conducting state, and the node N1 and the source
line SL are electrically connected to each other.

[0380] Thereafter, a high-level voltage is continuously
applied to the selecting line SEL until the phase P25. F1G. 24
is the same as FIG. 22 in that an application voltage to the
selecting line SEL is shifted to a low level in the phase P26.
[0381] In this embodiment, since the first switch circuit 22
and the second switch circuit 23 are in a non-conducting state
in a stage previous to the phase P14, an application voltage to
the source line SL may be set to the first voltage state (0 V) or
may be set to the second voltage state (5 V) during that period.
[0382] Asin the third embodiment, inversion of the counter
voltage Vcom may be performed before fall time t15 of the
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application voltage to the gate line GL after fall time t12 of the
application voltage of the reference line REF.

[0383] In the second and third types, when the first switch
circuit 22 is set to a non-conducting state, as shown in FIG.
19, the transistor T4 is completely turned off. For this reason,
avoltage of the selecting line SEL to turn off the transistor T3
may notbe -5V butOV.

[0384] On the other hand, in the method shown in FIG. 23,
5V is applied to the selecting line SEL when the gate line GL.
is shifted to a high level. Thus, it is understood that a self-
polarity-inverting action can be executed by the same voltage
applying method as that in FIG. 23 in the second and third
types. Since a timing chart to be used is the same as that in
FIG. 23, an explanation of the timing chart will be omitted.
[0385] In the method shown in the timing chart in FIG. 22,
unlike in the third embodiment, a high-level voltage is not
applied to the boost line BST. In the phase P25, a high-level
voltage is applied to the selecting line SEL to set the transistor
T3 to a conducting state. The second switch circuit 23 needs
to be set to a conducting state in the case A, and the second
switch circuit 23 needs to be set to a non-conducting state in
the case B.

[0386] However, as in pixel circuits 2D to 2F of the fourth
to sixth types, when the selecting line SEL serves as the boost
line BST, the transistor T2 is in an off state in the phase P25.
For this reason, a high-level voltage is applied to the selecting
line SEL to raise the potential of the internal node N2. In this
manner, the transistor T1 is set to a conducting state not only
in the case A but also in the case B. Thus, the method shown
in the timing chart in FIG. 22 cannot be employed in the pixel
circuits of the fourth to sixth types.

[0387] On the other hand, when the method shown in FIG.
23 is used, self-polarity inversion can be performed to the
pixel circuit 2D of the fourth type (see FIG. 13).

[0388] More specifically, after 8 V is applied to the refer-
ence line REF in the phase P20 to set the transistor T2 to a
conducting state, a high-level voltage is applied to the select-
ing line SEL in the phase P21, and 5 V is applied to the source
line SL. In the pixel circuit 2D of the fourth type, although the
selecting line SEL is connected to one terminal of a first
capacitor element Cbst, the transistor T2 is in a conducting
state in both the cases. For this reason, even though a voltage
level of the selecting line SEL rises, a potential of the output
node N2 rarely rises. At this time, the transistor T3 is turned
on, and 5V is applied to, of the terminals of the transistor T1,
a terminal on the opposite side of the internal node N1. In the
case B, since the potential of the output node N2 is about 0V,
the transistor T1 is in an off state. Even in the case A, since the
potential of the output node N2 is about 5V, a voltage that is
equal to or higher than the threshold voltage is not applied
across the gate and the source, and the transistor T1 is still in
an off state.

[0389] Thereference line REF is setto 0V in the phase P22
to set the transistor T2 to an off state. Thereafter, after the
counter voltage Vcom is shifted to a high level (phase P23),
the gate line GL is set to a high level (phase P24). At this time,
since 5V has been applied to the source line SL, the potential
V20 of the internal node N1 is set to the first voltage state in
both the cases. Thereafter, in the phase P25, the gate line GL
is shifted to a low level, and a voltage applied to the source
line SL is shifted to the second voltage state.

[0390] Atthistime, since the selecting line SEL has been at
a high level, the transistor T1 is set to a conducting state only
inthe case A, and a potential of the internal node N1 decreases
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to the second voltage state. On the other hand, in the case B,
since the potential of the output node N2 is low, the transistor
T1 is still in a non-conducting state. For this reason, the
potential of the internal node N1 is continuously maintained
in the first voltage state.

[0391] Thereafter, the reference line REF is set at a high
level, and the reference line REF in the phase P26 is set at a
high level to turn on the transistor T2. In this manner, the
potential V20 of the internal node N1 appears at the output
node N2.

[0392] After the transistor T2 is turned on in the phase P26,
the selecting line SEL is shifted to a low level in the phase
P27. In this manner, the node N2 is slightly influenced by a
variation in potential. When voltage application is performed
by the above procedures, the self-polarity-inverting action is
executed. A timing chart obtained at this time is shown in FIG.
25.

[0393] Referring to FIG. 25, when the gate line GL is
shifted to ahigh level, 5 V is applied to the selecting line SEL.
Thus, it is understood that a self-polarity-inverting action can
be executed by the same voltage applying method as that in
FIG. 25 in the fifth and sixth types. Since a timing chart to be
used is the same as that in FIG. 25, an explanation of the
timing chart will be omitted.

Fifth Embodiment

[0394] Inthe fifth embodiment, a programming action in an
always-on display mode will be described in units of types
with reference to the accompanying drawings.

[0395] Inthe programming action in the always-on display
mode, pixel data of one frame is divided in units of display
lines in a horizontal direction (row direction), and a binary
voltage corresponding to each pixel data of one display line,
i.e., a high-level voltage (5 V) or a low-level voltage (0 V) is
applied to the source lines SL of the columns for each hori-
zontal period. A selected raw voltage of 8 V is applied to the
gate line GL of a selected display line (selected row) to set the
first switch circuits 22 of all the pixel circuits 2 of the selected
row to a conducting state, and voltages of the source lines SL
ofthe columns are transferred to the internal node N1 of each
of the pixel circuits 2 of the selected row.

[0396] A non-selected row voltage of -5V is applied to the
gate lines GL of display lines (non-selected rows) except for
the selected display lines to set the first switch circuits 22 of
all the pixel circuits 2 of the non-selected row to a non-
conducting state. Timing control of a voltage application of
each signal line in a programming action (will be described
later) is performed by the display control circuit 11, and each
voltage application is performed by the display control circuit
11, the counter electrode drive circuit 12, the source driver 13,
and the gate driver 14.

[0397] <<First Type>>

[0398] FIG. 26 is a timing chart of a programming action
using the pixel circuit 2A of the first type. FIG. 26 shows
voltage waveforms of two gate lines GL1 and GL2, two
source lines SL.1 and SL2, the selecting line SEL, the refer-
ence line REF, the auxiliary capacitive line CSL, and the
boost line BST in a 1-frame period and a voltage waveform of
the counter voltage Vcom. Furthermore, in FIG. 26, voltage
waveforms of the pixel voltages V20 of the internal nodes N1
ofthe two pixel circuits 2A are additionally shown. One of the
two pixel circuits 2A is a pixel circuit 2A(a) selected by the
gate line GL1 and the source line SL1, and the other is a pixel
circuit 2A(b) selected by the gate line GL.1 and the source line
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SL2. The pixel circuits are discriminated from each other by
adding (a) and (b) to the backs of the pixel voltages V20 in
FIG. 26.

[0399] A 1-frame period is divided into horizontal periods
the number of which is the number of gate lines GL, and gate
lines GL.1 to GLn to be selected are sequentially allocated to
the horizontal periods, respectively. FIG. 26 shows changes in
voltage of the two gate lines GL1 and GL2 in the first two
horizontal periods. In the first horizontal period, a selected-
row voltage of 8 V is applied to the gate line GL1, and a
non-selected row voltage of -5V is applied to the gate line
GL2. In the second horizontal period, the selected-row volt-
age of 8V is applied to the gate line GL2, and the non-selected
row voltage of -5 V is applied to the gate line GL1. In the
subsequent horizontal periods, the non-selected row voltage
of =5V is applied to both the gate lines GL.1 and GL2.
[0400] Voltages (5V, 0V) corresponding to pixel data of a
display line corresponding to each horizontal period are
applied to the source lines SL of the respective columns. In
FIG. 26, the two source lines SL1 and SL2 are shown as
typical source lines SL. In the example shown in FIG. 26, to
explain a change of the pixel voltage V20, voltages of the two
source lines SL1 and SL2 of the first horizontal period are
separately set to 5 V and 0V, respectively.

[0401] Inthepixel circuit 2A of the first type, since the first
switch circuit 22 is configured by only the transistor T4,
connection/disconnection control of the first switch circuit 22
is sufficiently performed by on/off-controlling only the tran-
sistor T4. Furthermore, the second switch circuit 23 need not
be set to a conducting state in the programming action, and, in
order to prevent the second switch circuit 23 from being set to
a conducting state in the pixel circuit 2A of a non-selected
row, in a 1-frame period, a non-selected voltage of 0 V (may
be -5 V) is applied to the selecting line SEL connected to all
the pixel circuits 2A. The same voltage as that of the selecting
line SEL is also applied to the boost line BST.

[0402] Inorderto always set the transistor T2 to an on-state
regardless of a voltage state of the internal node N1, 8 V that
is higher than a high-level voltage (5 V) by a threshold voltage
(about 2 V) or more is applied to the reference line REF in a
1-frame period. In this manner, the output node N2 and the
internal node N1 are electrically connected, and auxiliary
capacitor element Cs connected to the internal node N1 can be
kept at the pixel voltage V20 to stabilize the pixel voltage
V20. The auxiliary capacitive line CSL is fixed to a predeter-
mined fixed voltage (for example, 0 V). Although the counter
AC drive is performed at the counter voltage Vcom, the
counter voltage Vcom is fixed to 0 V or 5V in a 1-frame
period. In FIG. 26, the counter voltage Vcom is fixed to O V.
[0403] <<Second, Third Types>>

[0404] The sequences of the second and third types are
different from the sequence of the first type in that, since the
first switch circuit 22 is configured by a series circuit of the
transistor T4 and another transistor (T3 or T5), the transistor
T3 or T5 needs to be set to a conducting state in a program-
ming action.

[0405] FIG. 27 is a timing chart of a programming action
using the pixel circuits 2B and 2C of the second and third
types. The items shown in FIG. 27 are the same as those in
FIG. 26 except that two selecting lines SEL1 and SEL2 are
shown.

[0406] Voltage application timings and voltage amplitudes
of the gate lines GL (GL1, GL2) and source lines SL (SL1,
SL.2) are all the same as those in FIG. 26.
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[0407] Inthepixel circuits 2B and 2C, since the first switch
circuit 22 is configured by the series circuit of the transistor
T4 and the transistor T3 or T5, in connection/disconnection
control of the first switch circuit 22, in addition to on/off-
control of the transistor T4, on/off-control of the transistor T3
or T5 are required. Since the transistor T5 in the pixel circuit
2C has a control terminal connected to the control terminal of
the transistor T3, the on/off-control of the transistors T3 and
T4 is actually necessary.

[0408] Therefore, in the second and third types, all the
selecting lines SEL are not controlled in a lump, but indepen-
dently controlled in units of rows like the gate lines GL. More
specifically, the selecting lines SEL the number of which is
the same as the number of gate lines GL1 to GLn are arranged
in units of rows one by one, and the selecting lines SEL are
sequentially selected like the gate lines GL1 to GLn.

[0409] FIG. 27 shows changes in voltage of the two select-
ing lines SEL1 and SEL2 in the first two horizontal periods. In
the first horizontal period, a selecting voltage of 8 V is applied
to the selecting line SEL1, and a non-selecting voltage of -5
V is applied to the selecting line SEL2. In the second hori-
zontal period, the selecting voltage of 8 V is applied to the
selecting line SEL2, and the non-selecting voltage of -5V is
applied to the selecting line SEL1. In the subsequent horizon-
tal periods, the non-selecting voltage of -5 V is applied to
both the selecting lines SEL1 and SEL2.

[0410] Application voltages to the reference line REF, the
auxiliary capacitive line CSL, and the boost line BST and the
counter voltage Vcom are the same as those in the first type
shown in FIG. 26. In a non-selected row, when the first switch
circuit 22 is set to a non-conducting state, the transistor T4 is
completely set to an off state. For this reason, a non-selecting
voltage of the selecting line SEL to turn off the transistor T3
may not be -5V but0'V.

[0411] In the first to third types, since the boost line BST
and the selecting line SEL are formed as different signal lines,
different voltages are applied to the respective lines. How-
ever, the same voltage may be applied to both the lines. More
specifically, 0 V may be applied to the selecting line SEL. In
contrast to this, a negative voltage may be applied to the boost
line BST. Since a total parasitic capacitance of the internal
node N1 is larger than that of the output node N2, even though
a negative voltage is applied to the boost line BST, an influ-
ence of a variation in potential on the node N1 can be
neglected.

[0412] <<Fourth Type>>

[0413] The pixel circuit 2D of the fourth type has a con-
figuration in which the boost line BST serves as the selecting
line SEL for the pixel circuit 2A of the first type. Since the
voltage changes of the selecting line SEL and the boost line
BST are not provided in the first type, a programming action
can be performed to the pixels 2D of the fourth type by the
same sequence as that in the first type without using the boost
line BST. At this time, 0V may be applied to the selecting line
SEL.

[0414] <<Fifth and Sixth Types>>

[0415] Pixel circuits 2E and 2F of the fifth and sixth types
have configurations in which the boost lines BST serve as the
selecting lines SEL for the pixel circuits 2B and 2C of the
second and third types.

[0416] Inthe second and third types, a high-level voltage is
applied to the gate line GL and the selecting line SEL for each
selected row to set a first switch circuit to a conducting state
at the time of selection. However, in the pixel circuits of the
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fifth and sixth types, according to this method, theoretically,
apotential of the node N2 is raised when a high-level voltage
is applied to the selecting line SEL.

[0417] However, since a high voltage to turn on the transis-
tor T2 is applied to the reference line REF, the nodes N1 and
N2 are electrically connected to each other. As described
above, since a parasitic capacitance of the internal node N1 is
considerably larger than a parasitic capacitance of the output
node N2, the potential of the internal node N1 rarely increases
even though a high-level voltage is applied to the selecting
line SEL. Consequently, a programming action can be real-
ized by the same sequence as that in the second and third

types.

Sixth Embodiment

[0418] In the sixth embodiment, a relationship between a
self-refresh action and a programming action in an always-on
display mode will be described.

[0419] Inthe always-on display mode, after a programming
action is executed to image data of one frame, display con-
tents obtained by the immediately previous programming
action can be maintained without performing the program-
ming action in a predetermined period.

[0420] By the programming action, a voltage is given to the
pixel electrode 20 in each pixel through the source line SL.
Thereafter, the gate line GL is set at a low level, and the
transistor T4 is set to a non-conducting state. However, a
potential of the pixel electrode 20 is kept by the presence of
charges accumulated in the pixel electrode 20 by the imme-
diately previous programming action. More specifically, a
voltage Vlc is maintained between the pixel electrode 20 and
the counter electrode 80. In this manner, even after the pro-
gramming action is completed, a state in which a voltage
required to display image data is applied across both the
terminals of the liquid crystal capacitance Clc continues.
[0421] Whena potential ofthe counter electrode 80 is fixed,
the liquid crystal voltage Vlc depends on the potential of the
pixel electrode 20. The potential varies with time based on
occurrence of a leakage current of a transistor in the pixel
circuit 2. For example, when a potential of the source line SL.
is lower than a potential of the internal node N1, a leakage
current flowing from the internal node N1 to the source line
SL is generated, and the pixel voltage V20 decreases with
time. In contrast to this, when the potential of the source line
SL is higher than the potential of the internal node N1, a
leakage current flowing from the source line SL to the internal
node N1 is generated, a potential of the pixel electrode 20
increases with time. More specifically, when time has elapsed
without performing an external programming action, the lig-
uid crystal voltage Vlc gradually changes. As a result, a dis-
played image changes.

[0422] In anormal display mode, a programming action is
executed to all the pixel circuits 2 for each frame even in a still
image. Therefore, electric charges accumulated in the pixel
electrode 20 need only be maintained in a one-frame period.
Since a variation in potential of the pixel electrode 20 in a
1-frame period at most is very small, the variation in potential
meanwhile does not give an influence that is enough to be
visually confirmed to image data to be displayed. For this
reason, in the normal display mode, the variation in potential
of the pixel electrode 20 does not cause a serious problem.
[0423] Incontrast to this, in the always-on display mode, a
programming action is not configured to be executed for each
frame. Therefore, while the potential of the counter electrode
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80 is fixed, depending on the circumstances, the potential of
the pixel electrode 20 needs to be kept for several frames.
However, when the pixel circuit is left without performing a
programming action for several frame periods, a potential of
the pixel electrode 20 intermittently varies due to generation
ofthe leakage current described above. As a result, image data
to be displayed may be changed enough to be visually con-
firmed.

[0424] Inorder to avoid the phenomenon, in the always-on
display mode, by the manner shown in the flow chart in FIG.
28, the self-polarity-inverting action and the programming
action are executed in combination with each other to con-
siderably reduce a power consumption while suppressing a
variation in potential of the pixel electrode.

[0425] A programming action of pixel data of one frame in
the always-on display mode is executed by the manner
described in the above fifth embodiment (step #1).

[0426] After the programming action in step #1, a self-
refresh action is executed by the manner described in the
above second embodiment (step #2). The self-refresh action
is realized by the phase P1 that applies a pulse voltage and the
phase P2 that sets a standby state.

[0427] In this case, in a period of the phase P2 of the
self-refresh action period, when a request for a programming
action (data writing) of new pixel data, an external refresh
action, or an external polarity inverting action is received
(YES in step #3), the control flow returns to step #1 to execute
the programming action of the new pixel data or previous
pixel data. In the period of the phase P2, when the request is
not received (NO in step #3), the control flow returns to step
#2 to execute the self-refresh action again. In this manner, a
change of a display image due to an influence of a leakage
current can be suppressed.

[0428] A refresh action is to be performed by a program-
ming action without performing a self-refresh action, a power
consumption expressed by the relational expression shown in
numerical expression 1 described above is obtained. How-
ever, the self-refresh action is repeated at the same refresh
rate, the number of times all source line voltages are driven is
one. For this reason, the variable n in numerical expression 1
becomes 1. When VGA is supposed as a display resolution
(the number of pixels), m=1920 and n=480. Thus, a power
consumption is expected to be reduced to one-480th of it.
[0429] In this embodiment, the self-refresh action, and the
external refresh action or the external polarity inverting action
are combined to cope with the following case. That is, even in
the pixel circuit 2 that normally operates at first, the second
switch circuit 23 or the control circuit 24 is defected by aging,
although a programming action can be performed without a
trouble, a self-refresh action cannot be normally executed in
some pixel circuits 2. More specifically, when only the self-
refresh action is performed, displays of the pixel circuits 2 are
deteriorated and the deterioration is fixed. However, when the
external polarity inverting action is additionally used, the
display defect can be prevented from being fixed.

Seventh Embodiment

[0430] Inthe seventh embodiment, a relationship between a
self-polarity-inverting action and a programming action in an
always-on display mode will be described.

[0431] In the always-on display mode, the programming
action is not executed for each frame, and, after a predeter-
mined number of frame periods have elapsed, the program-
ming action is intermittently executed. Meanwhile, all the
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pixel circuits 2A are set to a non-conducting state, a non-
selected row voltage of -5V is applied to all the gate lines GL,
and the non-selected row voltage of -5V is applied to all the
selecting lines SEL. Both the first switch circuit 22 and the
second switch circuit 23 are set to a non-conducting state, and
the internal node N1 is electrically separated from the source
lines SL.

[0432] However, as described above, by a leakage current
generated when the transistor T4 or the like connected to the
internal node N1 is turned off, the pixel voltage V20 of the
internal node N1 moderately changes. Therefore, when an
interval between frame periods in which the programming
action is stopped becomes long, a display image is changed
by a variation of the liquid crystal voltage Vlc. Before the
change exceeds a visual tolerance limit, a reprogramming
action needs to be performed again. When the reprogram-
ming action is to be performed to the same display image, the
voltage value of the counter voltage Vcom is inverted
between a high level (5 V) and a low level (0 V), and a voltage
applied to the source line SL is inverted between the high level
(5 V) and the low level (0 V) to make it possible to reprogram
the same pixel data. This corresponds to an “external polarity
inverting action” that is a polarity inverting action using a
conventional external pixel memory.

[0433] Inthe above external polarity inverting action, as in
the programming action, pixel data of one frame is pro-
grammed such that the pixel data is divided into horizontal
periods the number of which is equal to the number of gate
lines. For this reason, the source line SL of each column need
to be changed for each up to one horizontal period, a large
power consumption is required. For this reason, in this
embodiment, in the always-on display mode, by a manner
shown in the flow chart in FIG. 29, the self-polarity-inverting
action and the programming action are executed in combina-
tion with each other to considerably reduce a power consump-
tion.

[0434] First, a programming action of pixel data of one
frame in always-on display mode is executed by the manner
described in the fifth embodiment (step #11).

[0435] After the programming action in step #11, after a
standby period corresponding to a predetermined number of
frame periods has elapsed, a self-polarity-inverting action is
executed in a lump to the pixel circuits 2 of one frame in the
always-on display mode by the manner described in the third
to fourth embodiment (step #12). As a result, while the
standby period elapses, as shown in FIGS. 26 to 27, the pixel
voltage V20 slightly varies, and, accordingly, the liquid crys-
tal voltage Vlc in which a variation in voltage occurs is ini-
tialized, and the pixel voltage V20 returns to a voltage state
obtained immediately after the programming action, and the
liquid crystal voltage Vic has the same absolute value as that
of the voltage value obtained immediately after the program-
ming action is performed and an inverted polarity of the
voltage. Therefore, by the self-polarity-inverting action, the
refresh action and the polarity inverting action of the liquid
crystal voltage Vlc are simultaneously realized.

[0436] After the self-polarity-inverting action in step #12,
while the standby period elapses, a request for a programming
action (data writing) of new pixel data or an “external polarity
inverting action” is received from the outside (YES in step
#13), the control flow returns to step #11 to execute a pro-
gramming action of the new pixel data or previous pixel data.
While the standby period elapses, when the request is not
received (NO in step #13), after the standby period has
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elapsed, the control flow returns to step #12 to execute the
self-polarity-inverting action again. In this manner, each time
the standby period has elapsed, the self-polarity-inverting
action is repeatedly executed. For this reason, the refresh
action and the polarity inverting action of the liquid crystal
voltage Vlc are performed to make it possible to prevent a
liquid crystal display element and image quality from being
deteriorated.

[0437] Since the reason why a power consumption can be
reduced by a self-polarity-inverting action and the reason
why a self-polarity-inverting action and an external polarity
inverting action are combined are the same as those in the case
using a self-refresh action in the sixth embodiment, an expla-
nation of the reasons will be omitted.

Eighth Embodiment

[0438] In the eighth embodiment, a relationship between a
self-refresh action, a self-polarity-inverting action, and a pro-
gramming action in an always-on display mode will be
described. As described in the sixth and seventh embodi-
ments, a self-refresh action and a self-polarity-inverting
action can advantageously reduce power consumptions,
respectively. In this embodiment, in the always-on display
mode, by a manner shown in the flow chart in FIG. 30, the
self-refresh action, the self-polarity-inverting action, and the
programming action are executed in combination with each
other to considerably reduce a power consumption.

[0439] A programming action of pixel data of one frame in
the always-on display mode is executed by the manner
described in the above fifth embodiment (step #21).

[0440] After the programming action in step #21, a self-
refresh action is executed by the manner described in the
above second embodiment (step #22).

[0441] Next, how many times the self-refresh action has
been performed since the immediately previous program-
ming action is detected. In other word, the number of frames
of the self-refresh actions executed after the immediately
previous programming action is performed is counted. When
the count is equal to or smaller than the number of predeter-
mined critical frames (NO in step #23), the control flow
continuously returns to step #22 to execute a self-refresh
action. On the other hand, when the count exceeds the number
of critical frames (YES in step #23), a self-polarity-inverting
action is executed by the manner described in the above third
and fourth embodiments (step #24).

[0442] After the self-polarity-inverting action in step #24, a
request for a programming action (data writing) of new pixel
data or an “external polarity inverting action” is received from
the outside (YES in step #25), the control flow returns to step
#21 to execute a programming action of the new pixel data or
previous pixel data. On the other hand, when the request is not
received (NO in step #25), the control flow returns to step #22
to execute the self-refresh action again. In this manner, the
self-refresh action and the self-polarity-inverting action are
repeatedly executed. For this reason, the refresh action and
the polarity inverting action of the liquid crystal voltage Vlc
are performed to make it possible to prevent a liquid crystal
display element and image quality from being deteriorated.
[0443] In place of the flow chart in FIG. 30, by arbitrarily
combining the flowchart in FIG. 28 and the flow chart in FIG.
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29 to each other, a configuration in which a self-refresh action
and a self-polarity-inverting action are combined to each
other may be used.

Ninth Embodiment

[0444] Inthe ninth embodiment, a programming action in a
normal display mode will be described for each type with
reference to the accompanying drawings.

[0445] In the programming action in the normal display
mode, pixel data of one frame is divided in units of display
lines in a horizontal direction (row direction), and a multi-
tone analog voltage corresponding to each pixel data of one
display line is applied to the source lines SL of each column
for each horizontal period, and a selected-row voltage of 8 V
is applied to the gate line GL of a selected display line (se-
lected row) to set the first switch circuits 22 of all the pixel
circuits 2 of the selected row to a conducting state, and volt-
ages of the source lines SL of the respective columns are
transferred to the internal node N1 of each of the pixel circuits
2 of the selected row. A non-selected row voltage of -5V is
applied to the gate lines GL of display lines (non-selected
rows) except for the selected display line to set the first switch
circuits 22 of all the pixel circuits 2 of the selected row to a
non-conducting state.

[0446] Timing control of a voltage application of each sig-
nal line in a programming action (will be described later) is
performed by the display control circuit 11 shown in FIG. 1,
and each voltage application is performed by the display
control circuit 11, the counter electrode drive circuit 12, the
source driver 13, and the gate driver 14.

[0447] <<First Type>>

[0448] FIG. 31 is a timing chart of a programming action
using the pixel circuit 2A of the first type. FIG. 31 shows
voltage waveforms of the two gate lines GL1 and GL2, the
two source lines SL.1 and SL2, the selecting line SEL, the
reference line REF, the auxiliary capacitive line CSL, and the
boost line BST in a 1-frame period and a voltage waveform of
the counter voltage Vcom.

[0449] A 1-frame period is divided into horizontal periods
the number of which is the number of gate lines GL, and gate
lines GL1 to GLn to be selected are sequentially allocated to
the horizontal periods, respectively. FIG. 31 shows changes in
voltage of the two gate lines GL1 and GL2 in the first two
horizontal periods. In the first horizontal period, a selected-
row voltage of 8 V is applied to the gate line GL1, and a
non-selected row voltage of -5V is applied to the gate line
GL2. In the second horizontal period, the selected-row volt-
age of 8 Vis applied to the gate line GL2, and the non-selected
row voltage of -5 V is applied to the gate line GL1. In the
subsequent horizontal periods, the non-selected row voltage
of =5V is applied to both the gate lines GL.1 and GL2.
[0450] A multi-tone analog voltage corresponding to pixel
data of a display line corresponding to each horizontal period
is applied to the source lines SL of the respective columns. In
the normal display mode, a multi-tone analog voltage corre-
sponding to pixel data of an analog display line is applied, and
the application voltage is not uniquely specified. For this
reason, this is expressed by hatching the area in FIG. 31. In
FIG. 31, the two source lines SL1 and SL2 are shown as
typical source lines SL1,SL2, ..., SLm.

[0451] The counter voltage Vcom changes for each hori-
zontal period (counter AC drive), the analog voltage has a
voltage value corresponding to the counter voltage Vcom in
the same horizontal period. More specifically, an analog volt-
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age applied to the source line SL is set such that the voltage
Vlc given by numerical expression 2 changes in only polarity
without changing in absolute value depending on whether the
counter voltage Vcomis SV or O V.

[0452] In the pixel circuits of the first and fourth types,
since the first switch circuit 22 is configured by only the
transistor T4, connection/disconnection control of the first
switch circuit 22 is sufficiently performed by on/oft-control-
ling only the transistor T4. Furthermore, the second switch
circuit 23 need not be set to a conducting state in the program-
ming action, and, in order to prevent the second switch circuit
23 from being set to a conducting state in the pixel circuit 2A
of a non-selected row, in a 1-frame period, a non-selecting
voltage of -5V is applied to the selecting line SEL connected
to all the pixel circuits 2A. The non-selecting voltage is not
limited to a negative voltage and may be 0 V.

[0453] In the 1-frame period, a voltage to always set the
transistor T2 to an on-state regardless of a voltage state of the
internal node N1 is applied to the reference line REF. The
voltage value need only be higher than a maximum value of
voltage values given from the source line SL as multi-tone
analog voltages by a threshold voltage of the transistor T2 or
more. In FIG. 31, the maximum value is set to 5V, and the
threshold voltage is set to 2V, and 8 V that is higher than the
sum of the voltages is applied.

[0454] Since the counter AC drive is performed at the
counter voltage Vcom for each horizontal period, the auxil-
iary capacitive line CSL is driven to have a voltage equal to
the counter voltage Vcom. The pixel electrode 20 is capaci-
tively coupled to the counter electrode 80 through a liquid
crystal layer, and is also capacitivly coupled to the auxiliary
capacitive line CSL through the auxiliary capacitor element
Cs. For this reason, if the voltage of the auxiliary capacitor
element Cs is fixed, only the voltage Vcom varies in numeri-
cal expression 2, thereby inducing variations of the liquid
crystal voltages Vlc of the pixel circuits 2 of a non-selected
row. For this reason, all the auxiliary capacitive lines CSL are
driven at the same voltage as that of the counter voltage Vcom
to change the voltages of the counter electrode 80 and the
pixel electrode 20 in the same direction, thereby canceling the
influence of the counter AC drive.

[0455] <<Second, Third Types>>

[0456] The sequences of the second and third types are
different from the sequence of the first type in that, since the
first switch circuit 22 is configured by a series circuit of the
transistor T4 and another transistor (T3 or T5), the transistors
T3 or T5 needs to be set to a conducting state in a program-
ming action.

[0457] In the pixel circuit 2B of the second type, since the
first switch circuit 22 is configured by a series circuit of the
transistors T4 and T3, connection/disconnection control of
the first switch circuit 22 requires not only on/off-control of
the transistor T4 but also on/off-control of the transistor T3. In
the pixel circuit 2C of the third type, although the first switch
circuit 22 is configured by a series circuit of the transistors T4
and T5, since the gates of the transistors T5 and T3 are
connected to each other, as in the pixel circuit 2B of the
second type, on/off-control of the transistor T3 are required in
addition to on/off-control of the transistor T4.

[0458] Therefore, in the pixel circuits, unlike in the first
type, all the selecting lines SEL are not controlled in a lump,
but independently controlled in units of rows like the gate
lines GL.. More specifically, the selecting lines SEL the num-
ber of which is the same as the number of gate lines GL.1 to
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GLn are arranged in units of rows one by one, and the select-
ing lines SEL are sequentially selected like the gate lines GL.1
to GLn.

[0459] More specifically, in the first horizontal period, a
selecting voltage of 8 V is applied to the selecting line SEL1
of the same row as that of the gate line GL1, and a non-
selecting voltage of -5V is applied to the selecting line SEL2
of the same row as that of the gate line GL2. In the second
horizontal period, a selecting voltage of 8 V is applied to the
selecting line SEL2, and a non-selecting voltage of -5 V is
applied to the selecting line SEL1. In the subsequent horizon-
tal period, the non-selecting voltage of -5 V is applied to both
the selecting lines SEL1 and SEL2. Application voltages to
the reference line REF, the auxiliary capacitive line CSL, and
the boost line BST and the counter voltage Vcom are the same
as those in the first type shown in FIG. 31. The non-selecting
voltage applied to the selected line is not limited to a negative
voltage and may be 0V as in the first type.

[0460] <<Fourth Type>>

[0461] The pixel circuit 2D of the fourth type has a con-
figuration in which the boost line BST serves as the selecting
line SEL for the pixel circuit 2A of the first type. Since the
voltage changes of the selecting line SEL and the boost line
BST are not provided in the first type, a programming action
can be performed to the pixels 2D of the fourth type by the
same sequence as that in the first type without using the boost
line BST. At this time, a configuration in which 0V is applied
to the selecting line SEL may be used.

[0462] <<Fifth and Sixth Types>>

[0463] Pixel circuits 2E and 2F of the fifth and sixth types
have configurations in which the boost lines BST also serve as
the selecting lines SEL for the pixel circuits 2B and 2C of the
second and third types.

[0464] Inthe second and third types, a high-level voltage is
applied to the gate line GL and the selecting line SEL for each
selected row to set the first switch circuit 22 to a conducting
state at the time of selection. However, in the pixel circuits of
the fifth and sixth types, according to the method, theoreti-
cally, a potential of the node N2 is raised when a high-level
voltage is applied to the selecting line SEL.

[0465] However, since a high voltage to turn on the transis-
tor T2 is applied to the reference line REF, the nodes N1 and
N2 are electrically connected to each other. As described
above, since a parasitic capacitance of the internal node N1 is
considerably larger than a parasitic capacitance of the output
node N2, the potential of the internal node N1 rarely increases
even though a high-level voltage is applied to the selecting
line SEL. Consequently, a programming action can be real-
ized by the same sequence as that in the second and third
types.

[0466] In the programming action in the normal display
mode, as a method of inverting the polarity of each display
line for each horizontal period, in addition to the “counter AC
drive”, there is a method of applying a predetermined fixed
voltage to the counter electrode 80 as the counter voltage
Veom. According to the method, a voltage applied to the pixel
electrode 20 alternately changes into a positive voltage or a
negative voltage every horizontal period with reference to the
counter voltage Vcom.

[0467] Inthis case, there are a method of directly program-
ming the pixel voltage through the source line SL. and a
method of adjusting a voltage to any one of a positive voltage
and a negative voltage with reference to the counter voltage
Vcom by capacitive coupling using the auxiliary capacitor
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element Cs after a voltage falling within a voltage range
centered at the counter voltage Vcom is programmed. In this
case, the auxiliary capacitive line CSL is not driven at the
same voltage as the counter voltage Vcom, and independently
pulse-driven in units of rows.

[0468] As described above, with respect to the program-
ming action in the normal display mode, when control of the
selecting line SEL, the reference line REF, and the boost line
BST is performed by the above manner, the pixel circuits 2A
to 2F having the circuit configurations of the first to sixth
types can be applied to various programming methods.
[0469] In the embodiment, in the programming action in
the normal display mode, a method of inverting the polarity of
each display line for each horizontal line is employed. How-
ever, the method is employed to cancel a disadvantage (will
be described below) occurring when polarity inversion is
performed in units of frames. As the method of canceling the
disadvantage, there are a method of performing polarity
inversion drive for each column and a method of performing
polarity inversion drive in units of pixels in row and column
directions at the same time.

[0470] Itis assumed that the positive polarity liquid crystal
voltage Vlc is applied in all pixels in a certain frame F1 and
the negative polarity liquid crystal voltage Vic is applied in all
the pixels in the next frame F2. Even though the voltages
having the same absolute value are applied to the liquid crys-
tal layer 75, a slight difference may occur in light transmit-
tance depending on the positive polarity or the negative polar-
ity. When a high-quality still image is displayed, the presence
of the slight difference may possibly cause small changes in
display manners in the frame F1 and the frame F2. Even in a
moving image display state, in a display area in which the
same display contents should be displayed in the frames, the
display manners may be possibly slightly changed. In display
of a high-quality still image or moving image, it can be
assumed that even the slight change can be visually recog-
nized.

[0471] Since the normal display mode is a mode of display-
ing a high-quality still image or moving image, the above
slight change may be possibly visually recognized. In order to
avoid the phenomenon, in this embodiment, the polarity is
inverted for each display line in the same frame. In this
manner, since the liquid crystal voltages Vlc having polarities
different between display lines are applied in the same frame,
aninfluence on display image data based on the polarity of the
liquid crystal voltage Vic can be suppressed.

Another Embodiment

[0472] Another embodiment will be described below.
[0473] <I1>Withrespectto the pixel circuits 2A to 2D of the
first to fourth types, in programming actions in the normal
display mode and the always-on display mode, a low-level
voltage may be given to the reference line REF to set the
transistor T2 to an off state. In this manner, when the internal
node N1 and the output node N2 are electrically separated
from each other, the potential of the pixel electrode 20 is not
influenced by the voltage of the output node N2 obtained
before the programming action. In this manner, the voltage of
the pixel electrode 20 correctly reflects an application voltage
to the source line SL, and the image data can be displayed
without an error.

[0474] As described above, a total parasitic capacitance of
the node N1 is considerably larger than that of the node N2,
and the potential of the node N2 in the initial state rarely
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influence the potential of the pixel electrode 20. For this
reason, the transistor T2 may be always set in an on-state.
[0475] Furthermore, in the pixel circuits 2D to 2F of the
fifth to sixth types, when the selecting line SEL also serves as
the boost line BST, the node N2 largely varies with a variation
of'the selecting line SEL. For this reason, in each pixel circuit
of a non-selected row, a high-level voltage is applied to the
selecting line SEL to set the second switch circuit 23 to a
conducting state, and a voltage may be possibly applied from
the source line SL through the second switch circuit 23. For
this reason, in each of the pixel circuits, the transistor T2
needs to be always set in an on state at the time of program-
ming.

[0476] <2> The above embodiment explains the case in
which the self-polarity-inverting action is performed to all the
pixel circuits in units of frames. However, for example, 1
frame is divided into a plurality of row groups each including
apredetermined number of rows, and the self-polarity-invert-
ing action may be executed in units of the row groups. For
example, execution of the self-polarity-inverting action to
pixel circuits of even-numbered rows and execution of the
next self-polarity-inverting action to odd-numbered rows
may be sequentially repeated. In this manner, when the self-
polarity-inverting action is performed such that the even-
numbered rows and the odd-numbered rows are separated
from each other, even though a small display error occurs due
to the self-polarity-inverting action, the small error is diffused
in units of the even-numbered rows or the odd-numbered
rows to make it possible to further reduce an influence on a
display image. Similarly, one frame is divided into a plurality
of column groups each including a predetermined number of
columns, and self-polarity-inverting actions can be executed
in units of the column groups.

[0477] <3> In the above embodiments, the second switch
circuits 23 and the control circuits 24 are arranged in each of
all the pixel circuits 2 arranged on the active matrix substrate
10. In contrast to this, on the active matrix substrate 10, when
pixel units of two types, i.e., a transmissive pixel unit that
performs a transmissive liquid crystal display and a reflective
pixel unit that performs a reflective liquid crystal display are
provided, only pixel circuits of the reflective pixel unit may
include the second switch circuits 23 and the control circuits
24, and pixel circuits of the transmissive display unit may not
include the second switch circuits 23 and the control circuits
24.

[0478] In this case, an image display is performed by the
transmissive pixel unit in the normal display mode, and an
image display is performed by the reflective pixel unit in the
always-on display mode. With the above configuration, the
number of elements formed on the entire area of the active
matrix substrate 10 can be reduced.

[0479] <4> In the above embodiments, each of the pixel
circuits 2 includes the auxiliary capacitor element Cs. How-
ever, the pixel circuit 2 need not include the auxiliary capaci-
tor element Cs. However, in order to more stabilize the poten-
tial of the internal node N1 to reliably stabilize a display
image, the auxiliary capacitor element Cs is preferably
included.

[0480] <5> In the above embodiments, it is assumed that
the display element unit 21 of each of the pixel circuits 2 is
configured by only the unit liquid crystal display element Clc.
However, as shown in FIG. 32, an analog amplifier Amp
(voltage amplifier) may be arranged between the internal
node N1 and the pixel electrode 20. In FIG. 32, as an example,



US 2012/0154369 Al

the auxiliary capacitive line CSL and a power supply line Vce
serve as a power supply line for the analog amplifier Amp.
[0481] In this case, a voltage given to the internal node N1
is amplified by a gain m set by the analog amplifier Amp, and
the amplified voltage is supplied to the pixel electrode 20.
Thus, in the configuration, a small voltage change at the
internal node N1 can be reflected on a display image.

[0482] In this configuration, in the self-polarity-inverting
action in the always-on display mode, the voltage of the
internal node N1 is amplified by the gainm and supplied to the
pixel electrode 20. For this reason, a voltage difference
between the first and second voltage states applied to the
source line SL is adjusted to make it possible to make the
voltages in the first and second voltage states supplied to the
pixel electrode 20 equal to the high-level and low-level volt-
ages of the counter voltage Vcom.

[0483] <6> In the above embodiments, it is assumed that
the transistors T1 to T4 in the pixel circuit 2 are n-channel
polycrystalline silicon TFTs. However, a configuration using
p-channel TFTs or a configuration using amorphous silicon
TFTs can also be used. Also in a display device having a
configuration using p-channel TFTs, by inverting the polari-
ties of a power supply voltage and a voltage value shown as
the above described action condition, by reversing applica-
tion voltages in the case A and the case B, by replacing the
first voltage state (5 V) and the second voltage state (0V) with
the first voltage state (0 V) and the second voltage state (5 V),
respectively, in a programming action in an always-on display
mode, and the like, the pixel circuits 2 can be operated by the
same manner as that in each of the embodiments, and the
same effect as that in the embodiment can be obtained.
[0484] <7> In the above embodiments, as the voltage val-
ues in the first and second voltage states of the pixel voltage
V20 and the counter voltage Vcom in the always-on display
mode, 0 V and 5 V are supposed, and, accordingly, voltage
values applied to the signal lines are setto -5V, 0V, 5V, and
8V, respectively. However, the voltage values can be arbi-
trarily set depending on the characteristics (threshold volt-
ages or the like) of liquid crystal elements and transistor
elements to be used.

[0485] <8> In the above embodiments, the liquid crystal
display device is exemplified. However, the present invention
is not limited to the embodiments. The present invention can
be applied to any display device that has a capacitance corre-
sponding to the pixel capacitance Cp to hold pixel data and
displays an image based on a voltage held in the capacitance.
[0486] For example, in an organic EL (Electrolumines-
cence) display device in which a voltage corresponding to
pixel data is held in a capacitance corresponding to a pixel
capacitance to display an image, the present invention can be
especially applied to a self-refresh action. FIG. 33 is a circuit
diagram showing an example of a pixel circuit of the organic
EL display device. In the pixel circuit, a voltage held in the
auxiliary capacitance Cs as pixel data is given to a gate ter-
minal of a drive transistor Tdv configured by a TFT, and a
current corresponding to the voltage flows in a light-emitting
element OLED through the drive transistor Tdv. Thus, the
auxiliary capacitance Cs corresponds to the pixel capacitance
Cp in each of the above embodiments.

[0487] In the pixel circuit shown in FIG. 33, unlike in a
liquid crystal display device in which a voltage is applied
across electrodes to control a light transmittance to display an
image, an element itself emits light by a current flowing in the
element to display an image. For this reason, because of the
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rectification of the light-emitting element, the polarity of a
voltage applied across both the terminals of the element can-
not be inverted, and need not be inverted. For this reason, in
the pixel circuit in FIG. 33, the self-polarity-inverting action
described in the third and fourth embodiments cannot be
performed.

EXPLANATION OF REFERENCES

[0488] 1: Liquid crystal display device
[0489] 2: Pixel circuit

[0490] 2A,2B,2C,2D,2E,2F: Pixel circuit
[0491] 10: Active matrix substrate

[0492] 11: Display control circuit
[0493] 12: Counter electrode drive circuit
[0494] 13: Source driver

[0495] 14: Gate driver

[0496] 20: Pixel electrode

[0497] 21: Display element unit
[0498] 22: First switch circuit
[0499] 23: Second switch circuit
[0500] 24: Control circuit

[0501] 74: Seal member

[0502] 75: Liquid crystal layer
[0503] 80: Counter electrode
[0504] 81: Counter substrate

[0505] Amp: Analog amplifier

[0506] BST: Boost line

[0507] Cbst: Boost capacitor element

[0508] Clc: Liquid crystal display element

[0509] CML: Counter electrode wire

[0510] CSL: Auxiliary capacitive line

[0511] Cs: Auxiliary capacitor element

[0512] Ct: Timing signal

[0513] DA: Digital image signal

[0514] Dv: Data signal

[0515] GL(GL1,GL2, ..., GLn): Gate line

[0516] Gtc: Scanning-side timing control signal

[0517] N1: Internal note

[0518] N2: Output node

[0519] OLED: Light emitting element

[0520] P1,P2: Phase

[0521] P10,P11,...,P18: Phase

[0522] P20,P21,...,P27: Phase

[0523] REF: Reference line

[0524] Sc1,Sc2,. .., Scm: Source signal

[0525] SEL: Selecting line

[0526] SL(SL1,SL2,...,SLm): Source line

[0527] Stc: Data-side timing control signal

[0528] T1,T2,1T3,T4,T5: Transistor

[0529] Tdv: Drive transistor

[0530] V20: Pixel electrode potential, internal node poten-
tial

[0531] Vcom: Counter voltage

[0532] Vlc: Liquid crystal voltage

[0533] VN2: Output node potential

1. A pixel circuit comprising:

a display element unit including a unit display element;

an internal node that configures a part of the display ele-
ment unit and holds a voltage of pixel data applied to the
display element unit;

a first switch circuit that transfers the voltage of the pixel
data supplied from a data signal line to the internal node
through at least a predetermined switch element;
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a second switch circuit that transfers the voltage supplied
from the data signal line to the internal node without
passing through the predetermined switch element; and

a control circuit that holds a predetermined voltage
depending on the voltage of the pixel data held by the
internal node at one terminal of a first capacitor element
and controls connection/disconnection of the second
switch circuit, wherein

of first to third transistor elements each having a first ter-
minal, a second terminal, and a control terminal that
controls connection between the first and second termi-
nal, the first and third transistor elements are included in
the second switch circuit, and the second transistor ele-
ment is included in the control circuit,

the second switch circuit is configured by a series circuit of
the first transistor element and the third transistor ele-
ment,

the control circuit is configured by a series circuit of the
second transistor element and the first capacitor ele-
ment,

one terminals of the first and second switch circuits are
connected to the data signal line,

the other terminals of the first and second switch circuits
and the first terminal of the second transistor element are
connected to the internal node,

the control terminal of the first transistor element, the sec-
ond terminal of the second transistor element, and the
one terminal of the first capacitor element are connected
to each other,

the control terminal of the second transistor element is
connected to a first control line,

the control terminal of the third transistor element is con-
nected to a second control line, and

the other terminal of the first capacitor element is con-
nected to the second control line or a third control line.

2. The pixel circuit according to claim 1, wherein

the predetermined switch element is configured by a fourth
transistor element having a first terminal, a second ter-
minal, and a control terminal that controls connection
between the first and second terminals, and

the control terminal of the fourth transistor element is
connected to a scanning signal line.

3. The pixel circuit according to claim 1, wherein

the first switch circuit does not include a switch element
except for the predetermined switch element.

4. The pixel circuit according to claim 1, wherein

the first switch circuit is configured by a series circuit of the
third transistor element in the second switch circuit and
the predetermined switch element or a series circuit of a
fifth transistor having a control terminal connected to the
control terminal of the third transistor element in the
second switch circuit and the predetermined switch ele-
ment.

5. The pixel circuit according to claim 1, further compris-
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the pixel circuits arranged along the same column have one
terminals of the first switch circuits connected to a com-
mon data signal line,

the pixel circuits arranged along the same row or the same
column have the control terminals of the second transis-
tor elements connected to a common first control line,

the pixel circuits arranged along the same row or the same
column have the control terminals of the third transistor
elements connected to a common second control line,
and

the pixel circuits arranged along the same row or the same
column have the other terminals of the first capacitor
elements connected to the common second control line
or a common third control line,

the display device comprises:

a data signal line drive circuit that independently drives the
data signal lines; and a control line drive circuit that
independently drives the first to third control lines.

7. The display device according to claim 6, wherein

the first switch circuit does not include a switch element
except for the predetermined switch element, the prede-
termined switch element is a fourth transistor element
having a first terminal, a second terminal, and a control
terminal that controls connection between the first and
second terminals, the first terminal, the second terminal,
and the control terminal are connected to the internal
node, the data signal line, and a scanning signal line,
respectively,

the scanning signal line is arranged for each of rows one by
one, and the pixel circuits arranged along the same row
are connected to a common scanning signal line, and

a scanning signal line drive circuit that independently
drives the scanning signal lines is arranged.

8. The display device according to claim 6, wherein

the predetermined switch element is configured by a fourth
transistor element having a first terminal, a second ter-
minal, and a control terminal that controls connection
between both the terminals,

the first switch circuit is configured by a series circuit of a
third transistor element in the second switch circuit and
the fourth transistor element or a series circuit of a fifth
transistor having a control terminal connected to the
control terminal of the third transistor element in the
second switch circuit and the fourth transistor element,

a scanning signal line and the second control line are
arranged for each of rows,

the control terminal of the fourth transistor element is
connected to the scanning signal line, and

the pixel circuits arranged along the same row are con-
nected to a common scanning signal line and a common
second control line, and

a scanning signal line drive circuit that independently
drives the scanning signal lines is arranged.

ing a second capacitor element having one terminal con- 9. The display device according to claim 7, wherein
nected to the internal node and having the other terminal in a programming action to independently program the
connected to a fourth control line or a predetermined fixed pixel data in the pixel circuits arranged along one
voltage line. selected row,
6. A display device, wherein the scanning signal line drive circuit applies a predeter-
a plurality of pixel circuits according to claim 1 are mined selected row voltage to the scanning signal line of
arranged in a row direction and a column direction to the selected row to set the fourth transistor elements
configure a pixel circuit array, arranged along the selected row to a conducting state and
the data signal line is arranged for each of columns one by applies a predetermined non-selected row voltage to the
one, scanning signal line of a non-selected row to set the
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fourth transistor elements arranged along the non-se-
lected row to a non-conducting state, and

the data signal line drive circuit independently applies data
voltages corresponding to pixel data to be programmed
in the pixel circuits of the columns of the selected row to
the data signal lines, respectively.

10. The display device according to claim 9, wherein

in the programming action,

the control line drive circuit applies a predetermined volt-
age to the second control line to set the third transistor
element to a non-conducting state.

11. The display device according to claim 8, wherein

in a programming action to independently program the
pixel data in the pixel circuits arranged along one
selected row

the scanning signal line drive circuit applies a predeter-
mined selected row voltage to the scanning signal line of
the selected row to set the fourth transistor elements
arranged along the selected row to a conducting state and
applies a predetermined non-selected row voltage to the
scanning signal line of a non-selected row to set the
fourth transistor elements arranged along the non-se-
lected row to a non-conducting state, and

the control line drive circuit applies a predetermined select-
ing voltage to the second control line of the selected row
to set the third transistor element to a conducting state
and applies a predetermined non-selecting voltage to the
second control line of the non-selected row to set the
third transistor element to a non-conducting state, and

the data signal line drive circuit independently applies data
voltages corresponding to the pixel data to be pro-
grammed in the pixel circuits of the columns of the
selected row to the data signal lines, respectively.

12. The display device according to claim 9, wherein

in the programming action,

the control line drive circuit applies a predetermined volt-
age to the first control line to set the second transistor
element to a conducting state.

13. The display device according to claim 7, wherein

in a self-refresh action to operate the second switch circuits
and the control circuits to simultaneously compensate
for variations in voltage of the internal nodes in the
plurality of pixel circuits in a case where the other ter-
minals of the first capacitor elements are connected to
the third control line,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line so
that when a voltage state of binary pixel data held by the
internal node is a first voltage state, the second transistor
element blocks a current flowing from the one terminal
of the first capacitor element to the internal node, and
when the voltage state is a second voltage state, the
second transistor element is set to a conducting state,

applies a predetermined voltage to the second control line
to set the third transistor element to a conducting state,

applies a voltage pulse having a predetermined voltage
amplitude to the third control line to give a change in
voltage by a capacitive coupling through the first capaci-
tor element to the one terminal of the first capacitor
element, so that when a voltage of the internal node is in
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the first voltage state, the change in voltage is not sup-
pressed and the first transistor element is set to a con-
ducting state, and when the voltage of the internal node
is in the second voltage state, the change in voltage is
suppressed and the first transistor element is set to a
non-conducting state and

the data signal line drive circuit supplies a voltage of the
pixel data in the first voltage state to all the data signal
lines connected to the plurality of pixel circuits targeted
by the self-refresh action.

14. The display device according to claim 7, wherein

in a self-refresh action to operate the second switch circuits
and the control circuits to simultaneously compensate
for variations in voltage of the internal nodes in the
plurality of pixel circuits in a case where the other ter-
minals of the first capacitor elements are connected to
the second control line,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line so
that when a voltage state of binary pixel data held by the
internal node is a first voltage state, the second transistor
element blocks a current flowing from the one terminal
of the first capacitor element to the internal node, and
when the voltage state is a second voltage state, the
second transistor element is set to a conducting state,

applies a voltage pulse having a predetermined voltage
amplitude to the second control line to set the third
transistor element to a conducting state and give a
change in voltage by a capacitive coupling through the
first capacitor element to the one terminal of the first
capacitor element, so that when a voltage of the internal
node is in the first voltage state, the change in voltage is
not suppressed and the first transistor element is set to a
conducting state, and when the voltage of the internal
node is in the second voltage state, the change in voltage
is suppressed and the first transistor element is set to a
non-conducting state, and

the data signal line drive circuit supplies a voltage of the
pixel data in the first voltage state to all the data signal
lines connected to the plurality of pixel circuits targeted
by the self-refresh action.

15. The display device according to claim 13, wherein

in a standby state immediately after the self-refresh action
is ended,

the control line drive circuit applies a predetermined volt-
age to the second control line to set the third transistor
element to a non-conducting state, and ends application
of the voltage pulse to the third control line.

16. The display device according to claim 14, wherein

in a standby state immediately after the self-refresh action
is ended,

the control line drive circuit ends application of the voltage
pulse to the second control line to set the third transistor
element to a non-conducting state.

17. The display device according to claim 15, wherein

the self-refresh action is repeated through the standby state
that is not less than 10 times the self-refresh action
period.
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18. The display device according to claim 15, wherein

in the standby state,

the data signal line drive circuit applies a voltage in the
second voltage state to the data signal line.

19. The display device according to claim 7, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
third control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage
state of binary pixel data held by the internal node is in
a first voltage state or a second voltage state,

applies a predetermined voltage to the second control line
to set the third transistor element to a non-conducting
state, and

applies a predetermined initial voltage to the third control
line,

after the initial state setting action,

the control line drive circuit

applies a pulse having a predetermined voltage amplitude
to the third control line to give a change in voltage by a
capacitive coupling through the first capacitor element
to the one terminal of the first capacitor element, so that
when a voltage of the internal node is in the first voltage
state, since the second transistor element is set to a
non-conducting state, the change in voltage is not sup-
pressed and the first transistor element is set to a con-
ducting state, and when the voltage of the internal node
is in the second voltage state, since the second transistor
elementis set to a conducting state, the change in voltage
is suppressed and the first transistor element is set to a
non-conducting state, and,

thereafter, applies a predetermined voltage to the first con-
trol line to set the second transistor element to a non-
conducting state regardless of the voltage state of the
internal node,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
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fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit, for at least a predetermined
period after the scanning signal line drive circuit ends
application of the scanning voltage pulse, applies a pre-
determined voltage to the second control line to set the
third transistor element to a conducting state and, there-
after, stops pulse application to the third control line, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and

applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
a partial period immediately before the control line drive
circuit ends the application of the predetermined voltage
to set the third transistor element to a conducting state to
the second control line.

20. The display device according to claim 7, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
third control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage
state of binary pixel data held by the internal node is in
a first voltage state or a second voltage state,

applies a predetermined voltage to the second control line
to set the third transistor element to a non-conducting
state, and

applies a predetermined initial voltage to the third control
line,

after the initial state setting action,
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the control line drive circuit

applies a pulse having a predetermined voltage amplitude
to the second control line and the third control line to
give a change in voltage by a capacitive coupling
through the first capacitor element to the one terminal of
the first capacitor element, so that when a voltage of the
internal node is in the first voltage state, since the second
transistor element is set to a non-conducting state, the
change in voltage is not suppressed and the first transis-
tor element is set to a conducting state, and when the
voltage of'the internal node is in the second voltage state,
since the second transistor element is set to a conducting
state, the change in voltage is suppressed and the first
transistor element is set to a non-conducting state, and,

thereafter, applies a predetermined voltage to the first con-
trol line to set the second transistor element to a non-
conducting state regardless of the voltage state of the
internal node,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit stops pulse application to the
second control line and the third control line at least after
the scanning signal line drive circuit ends the application
of the scanning voltage pulse, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and

applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
apartial period immediately before the control line drive
circuit ends the pulse applications to the second control
line and the third control line.

21. The display device according to claim 7, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
second control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
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applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage
state of binary pixel data held by the internal node is in
a first voltage state or a second voltage state,

applies a predetermined voltage to the second control line
to set the third transistor element to a non-conducting
state, and

after the initial state setting action,

the control line drive circuit

applies a pulse having a predetermined voltage amplitude
to the second control line to give a change in voltage by
a capacitive coupling through the first capacitor element
to the one terminal of the first capacitor element, so that
when a voltage of the internal node is in the first voltage
state, since the second transistor element is set to a
non-conducting state, the change in voltage is not sup-
pressed and the first transistor element is set to a con-
ducting state, and when the voltage of the internal node
is in the second voltage state, since the second transistor
element is set to a conducting state, the change in voltage
is suppressed and the first transistor element is set to a
non-conducting state, and,

thereafter, applies a predetermined voltage to the first con-
trol line to set the second transistor element to a non-
conducting state regardless of a voltage state of the inter-
nal node,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit stops pulse application to the
second control line at least after the scanning signal line
drive circuit ends the application of the scanning voltage
pulse, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and

applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
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apartial period immediately before the control line drive
circuit ends the pulse application to the second control
line.

22. The display device according to claim 8, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
third control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage
state of binary pixel data held by the internal node is in
a first voltage state or a second voltage state,

applies a predetermined voltage to set the third transistor
element to a non-conducting state to the second control
line, and

applies a predetermined initial voltage to the third control
line,

after the initial state setting action,

the control line drive circuit

applies a pulse having a predetermined voltage amplitude
to the third control line to give a change in voltage by a
capacitive coupling through the first capacitor element
to the one terminal of the first capacitor element, so that
when a voltage of the internal node is in the first voltage
state, since the second transistor element is set to a
non-conducting state, the change in voltage is not sup-
pressed and the first transistor element is set to a con-
ducting state, and when the voltage of the internal node
is in the second voltage state, since the second transistor
element is set to a conducting state, the change in voltage
is suppressed and the first transistor element is set to a
non-conducting state, and,

thereafter, applies a predetermined voltage to the first con-
trol line to set the second transistor element to a non-
conducting state regardless of the voltage state of the
internal node,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,
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the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit, at least for a period when the
scanning signal line drive circuit applies the scanning
voltage pulse and a predetermined period after the pulse
application is ended, applies a predetermined voltage to
the second control line to set the third transistor element
to a conducting state, and, thereafter, stops the pulse
application to the third control line, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and

applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
a partial period immediately before the control line drive
circuit ends the application of the predetermined voltage
to set the third transistor element to a conducting state to
the second control line.

23. The display device according to claim 8, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
third control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage
state of binary pixel data held by the internal node is in
a first voltage state or a second voltage state,

applies a predetermined voltage to set the third transistor
element to a non-conducting state to the second control
line, and

applies a predetermined initial voltage to the third control
line,

after the initial state setting action,

the control line drive circuit
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applies a pulse having a predetermined voltage amplitude
to the second control line and the third control line to
give a change in voltage by a capacitive coupling
through the first capacitor element to the one terminal of
the first capacitor element, so that when a voltage of the
internal node is in the first voltage state, since the second
transistor element is set to a non-conducting state, the
change in voltage is not suppressed and the first transis-
tor element is set to a conducting state, and when the
voltage of the internal node is in the second voltage state,
since the second transistor element is set to a conducting
state, the change in voltage is suppressed and the first
transistor element is set to a non-conducting state, and,

thereafter, applies a predetermined voltage to the first con-
trol line to set the second transistor element to a non-
conducting state regardless of the voltage state of the
internal node,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit stops pulse application to the
second control line and the third control line at least after
the scanning signal line drive circuit ends the application
of the voltage pulse, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and

applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
apartial period immediately before the control line drive
circuit ends the pulse applications to the second control
line and the third control line.

24. The display device according to claim 8, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
second control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,
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as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
generate a voltage difference at the one terminal of the
first capacitor element depending on whether a voltage
state of binary pixel data held by the internal node is in
a first voltage state or a second voltage state, and

applies a predetermined voltage to the second control line
to set the third transistor element to a non-conducting
state,

after the initial state setting action,

the control line drive circuit applies a pulse having a pre-
determined voltage amplitude to the second control line
to give a change in voltage by a capacitive coupling
through the first capacitor element to the one terminal of
the first capacitor element, so that when a voltage of the
internal node is in the first voltage state, since the second
transistor element is set to a non-conducting state, the
change in voltage is not suppressed and the first transis-
tor element is set to a conducting state, and when the
voltage of the internal node is in the second voltage state,
since the second transistor element is set to a conducting
state, the change in voltage is suppressed and the first
transistor element is set to a non-conducting state, and,

thereafter, applies a predetermined voltage to the first con-
trol line to set the second transistor element to a non-
conducting state regardless of the voltage state of the
internal node,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit stops pulse application to the
second control line at least after the scanning signal line
drive circuit ends the application of the scanning voltage
pulse, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and

applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
a partial period immediately before the control line drive
circuit ends the pulse application to the second control
line.



US 2012/0154369 Al

25. The display device according to claim 7, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
third control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
set the second transistor element to a conducting state
regardless of whether the internal node is set in the first
voltage state or the second voltage state,

applies a predetermined voltage to the second control line
to set the third transistor element to a non-conducting
state, and

applies a predetermined initial voltage to the third control
line,

after the initial state setting action,

the control line drive circuit

applies a predetermined voltage to the first control line to
set the second transistor element to a non-conducting
state regardless of whether the internal node is set in the
first voltage state or the second voltage state,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit, for at least a predetermined
period after the scanning signal line drive circuit ends
application of the scanning voltage pulse, applies a pre-
determined voltage to the second control line to set the
third transistor element to a conducting state, and

the data signal line drive circuit

applies a voltage in the first voltage state, at least while the
scanning signal line drive circuit applies the scanning
voltage pulse, to all the data signal lines connected to the
plurality of pixel circuits targeted by the self-polarity-
inverting action, and
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applies a voltage in the second voltage state to all the data
signal lines connected to the plurality of pixel circuits
targeted by the self-polarity-inverting action for at least
a partial period immediately before the control line drive
circuit ends the application of the predetermined voltage
to set the third transistor element to a conducting state to
the second control line.

26. The display device according to claim 8, wherein

the pixel circuit has a configuration in which the other
terminal of the first capacitor element is connected to the
third control line,

the unit display element is configured by a liquid crystal
display element including a pixel electrode, a counter
electrode, and a liquid crystal layer interposed between
the pixel electrode and the counter electrode,

in the display element unit, the internal node is connected
to the pixel electrode directly or through a voltage ampli-
fier, and

a counter electrode voltage supply circuit that supplies a
voltage to the counter electrode is arranged,

in a self-polarity-inverting action to operate the first switch
circuits, the second switch circuits, and the control cir-
cuits to simultaneously invert polarities of voltages
applied across the pixel electrodes and the counter elec-
trodes in the plurality of pixel circuits,

as an initial state setting action performed before the self-
polarity-inverting action is started,

the scanning signal line drive circuit applies a predeter-
mined voltage to the scanning signal lines connected to
all the pixel circuits in the pixel circuit array to set the
fourth transistor element to a non-conducting state,

the control line drive circuit

applies a predetermined voltage to the first control line to
set the second transistor element to a conducting state
regardless of whether the internal node is set in the first
voltage state or the second voltage state,

applies a predetermined voltage to the second control line
to set the third transistor element to a non-conducting
state, and

applies a predetermined initial voltage to the third control
line,

after the initial state setting action,

the control line drive circuit

applies a predetermined voltage to the first control line to
set the second transistor element to a non-conducting
state regardless of whether the internal node is set in the
first voltage state or the second voltage state,

thereafter, the scanning signal line drive circuit applies a
scanning voltage pulse to all the scanning signal lines
connected to the plurality of pixel circuits targeted by the
self-polarity-inverting action to temporarily set the
fourth transistor element to a conducting state, thereaf-
ter, returns the fourth transistor element to a non-con-
ducting state,

the counter electrode voltage supply circuit changes the
voltage applied to the counter electrode between the two
voltage states after the second transistor element is set to
a non-conducting state until the scanning signal line
drive circuit ends application of the scanning voltage
pulse,

the control line drive circuit, for at least a predetermined
period from when the scanning signal line drive circuit
applies the scanning voltage pulse to when the scanning
signal line drive circuit ends the application of the pulse,
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34
applies a predetermined voltage to the second control circuit ends the application of the predetermined voltage
line to set the third transistor element to a conducting to set the third transistor element to a conducting state to
state, and the second control line.

the data signal line drive circuit 27. The display deVl.ce ac.cor(.iu.lg to claim 19, wherem.
) . . in a case where the pixel circuit includes a second capacitor
applies a voltage in the first voltage state, at least while the element having one terminal connected to the internal
scanning signal line drive cireuit 2.1pp11es the scanning node and the other terminal connected to a fixed voltage
Voltage pulse,.to all.the fiata signal lines connectedto.the line, after the scanning signal line drive circuit ends
plurality of pixel circuits targeted by the self-polarity- application of the scanning voltage pulse, a variation in
inverting action, and voltage of the internal node caused when the application
applies a voltage in the second voltage state to all the data of the voltage pulse is ended is compensated for by
signal lines connected to the plurality of pixel circuits adjusting a voltage of the fixed voltage line.

targeted by the self-polarity-inverting action for at least

apartial period immediately before the control line drive ok kR ok ok
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