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Fig. 2
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Fig. 4
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PIXEL CIRCUIT AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to display devices,
such as liquid crystal display devices, which are suitable for
portable information terminals such as mobile phones. More
specifically, the present invention relates to reduced power
consumption when displaying still images in such display
devices.

BACKGROUND ART

[0002] Portable information terminals such as mobile
phones typically employ liquid crystal display devices as
their display means. Also, since these mobile phones and
others are battery-driven, reduced power consumption is an
essential requirement. For this reason, permanent display
contents (such as current time and battery status) are typically
displayed in a reflective sub-panel. Also, as a recent trend,
there is a demand for a main panel which is capable of han-
dling both normal display and reflective permanent display.

[0003] Power consumption when driving a liquid crystal
panel is primarily the amount of power consumed by a source
driver serving as a data signal line driving circuit to drive
source lines (data signal lines). The amount is given by the
following expression:

Poef-C-V-V-rm 0

where P represents power consumption for driving the liquid
crystal panel, f represents refreshing frequency, i.e., the num-
ber of refreshing (rewriting) procedures performed to a frame
of pixel data per unit time. C represents a load capacitance
driven by the source driver; V represents a drive voltage by the
source driver; n represents a quantity of scanning lines; and m
represents a quantity of source lines.

[0004] Contents of the permanent display are still images.
In other words, the contents need not be updated. Based on
this understanding, there is an attempt for further reduction of
power consumption in the liquid crystal display device by
decreasing the refreshing frequency for permanent display.
However, decreasing the refreshing frequency results in
creeping of pixel electrode potential due to leak current, etc.
via switching elements such as thin-film transistors in the
liquid crystal display device. Thus, as the refreshing fre-
quency is decreased, display brightness in the pixels begins to
creep, and these creeps are perceived as flickering. Another
problem is that decreasing the refreshing frequency also
decreases average electric potential in each frame period,
which may lead to quality issues such as poor contrast.

[0005] Among many proposals currently made to achieve
decrease in power consumption while avoiding these prob-
lems is a liquid crystal display device which includes a dis-
play unit provided with a memory section. The memory sec-
tion digitally stores data which represents the image to be
displayed. For example, Patent Literature 1 discloses a liquid
crystal display device which includes an array substrate pro-
vided with a plurality of pixel groups arranged in a matrix
pattern, and each pixel group is provided with a static
memory. Such a liquid crystal display device as the above is
capable of maintaining a constant pixel electrode potential
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without refreshing procedure, and therefore is capable of
providing permanent display at low power consumption.

CITATION LIST
Patent Literature
[0006] Patent Literature 1: JP-A 2007-334224 Gazette

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0007] However, if the above arrangement is applied to
liquid crystal display devices in mobile phones, etc., the
device requires, in addition to voltage holding capacitances
(pixel capacitances) for holding each pixel data in the form of
analog information during normal operation, a memory for
storing pixel data for each pixel group or each pixel. This
means that additional circuit elements and signal lines must
be formed on an array substrate (active matrix substrate) as
constituent components of the display section in the liquid
crystal display device, resulting in reduced aperture ratio in
the transparent mode. Aperture ratio is reduced even further if
a polarity inversion drive circuit for AC driving the liquid
crystals is also formed together with the memories. Reduced
aperture ratio as a result of increased number of circuit ele-
ments and signal lines causes decrease in brightness in the
normal operation mode.

[0008] 1t is therefore an object of the present invention to
provide a display device capable of sufficiently decreasing
power consumption in permanent display of still images
while avoiding poor display quality caused by flickering or
decreased contrast, and while reducing decrease in the aper-
ture ratio.

Means for Solving the Problems

[0009] A first aspect of the present invention provides a
pixel circuit for formation of a pixel for an image to be
displayed in a display device. The pixel circuit includes:
[0010] a first and a second active elements; and

[0011] apredetermined electrode for formation of a capaci-
tance for holding pixel data. In this display device,

[0012] the predetermined electrode is connected to a pre-
determined first wiring via the first active element and to a
control terminal of the first active element via the second
active element;

[0013] the control terminal of the first active element has a
capacitance coupling with a predetermined second wiring;
and

[0014] the second active element has a control terminal
connected to the first wiring.

[0015] A second aspect of the present invention provides
the pixel circuit according to the first aspect of the present
invention, which further includes:

[0016] a third active element. In this display device,
[0017] the display device includes a plurality of data signal
lines and a plurality of scanning signal lines crossing the data
signal lines;

[0018] the predetermined electrode is connected to one of
the data signal lines via the third active element; and

[0019] the third active element has a control terminal con-
nected to one of the scanning signal lines.

[0020] A third aspect of the present invention provides the
pixel circuit according to the first aspect of the present inven-
tion. In this display device,
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[0021] the predetermined electrode has a capacitance cou-
pling with a predetermined third wiring.

[0022] A fourth aspect of the present invention provides a
display device, which includes:

[0023] the pixel circuit according to the first aspect of the
present invention provided for each pixel for an image to be
displayed; and

[0024] aplurality of data signal lines. In this display device,
[0025] each pixel circuit is connected to one of the data
signal lines; and

[0026] the predetermined electrodes in the pixel circuits are
arranged in a matrix pattern.

[0027] A fifth aspect of the present invention provides a
display device, which includes:

[0028] the pixel circuit according to the first aspect of the
present invention provided for each pixel for an image to be
displayed; and

[0029] aplurality of data signal lines. In this display device,
[0030] each pixel circuit is connected to one of the data
signal lines; and

[0031] at least one of the first and the second wirings is
shared by a plurality of the pixel circuits.

[0032] A sixth aspect of the present invention provides an
active matrix display device, which includes:

[0033] the pixel circuit according to the first aspect of the
present invention provided for each pixel for an image to be
displayed;

[0034] a plurality of data signal lines; and

[0035] aplurality of scanning signal lines crossing the data
signal lines. In this display device,

[0036] each pixel circuitis connected to one of the scanning
signal lines and to one of the data signal lines;

[0037] the pixel circuit further includes a third active ele-
ment which has a control terminal connected to the scanning
signal line; and

[0038] the predetermined electrode in the pixel circuit is
connected to the data signal line via the third active element.
[0039] A seventh aspect of the present invention provides
the active matrix display device according to the fourth or the
fifth aspect of the present invention. The display device fur-
ther includes:

[0040] aplurality of scanning signal lines crossing the data
signal lines. In this display device,

[0041] each pixel circuitis connected to one of the scanning
signal lines and to one of the data signal lines;

[0042] the pixel circuit further includes a third active ele-
ment which has a control terminal connected to the scanning
signal line; and

[0043] the predetermined electrode in the pixel circuit is
connected to the data signal line via the third active element.
[0044] An eighth aspect of the present invention provides
the display device according to the sixth or the seventh aspect
of the present invention. In this display device,

[0045] at least one of the first and the second wirings is
shared by a plurality of the pixel circuits which are connected
to a same scanning signal line.

[0046] A ninth aspect of the present invention provides the
display device according to the fourth or the fifth aspect of the
present invention. In this display device,

[0047] at least one of the first and the second wirings is
shared by all of the pixel circuits.

[0048] A tenth aspect of the present invention provides the
display device according to the sixth or the seventh aspect of
the present invention. In this display device,
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[0049] at least one of the first and the second wirings is
shared by all of the pixel circuits.

[0050] Aneleventh aspect ofthe present invention provides
a display device, which includes:

[0051] the pixel circuit according to the first aspect of the
present invention provided for each pixel for the image to be
displayed; and

[0052] aplurality of data signal lines. In this display device,
[0053] the display device has a first operation mode for a
voltage supply from the first wiring to the predetermined
electrode;

[0054] the pixel circuit is connected to one of the data signal
lines; and
[0055] a predetermined voltage pulse is applied to the sec-

ond wiring whereby the first active element makes the voltage
supply OFF based on a voltage value of the predetermined
electrode, in the first operation mode.

[0056] A twelfth aspect of the present invention provides
thedisplay device according to the fourth, the fifth or the ninth
aspects of the present invention. In this display device,
[0057] the display device has a first operation mode for a
voltage supply from the first wiring to the predetermined
electrode; and

[0058] a predetermined voltage pulse is applied to the sec-
ond wiring whereby the first active element makes the voltage
supply based on a voltage value of the predetermined elec-
trode relative, in the first operation mode.

[0059] A thirteenth aspect of the present invention provides
the display device according to one of the sixth through the
eighth, and the tenth aspects of the present invention. In this
display device,

[0060] the display device has a first operation mode for a
voltage supply from the first wiring to the predetermined
electrode;

[0061] a predetermined voltage pulse is applied to the sec-
ond wiring whereby the first active element makes the voltage
supply based on a voltage value of the predetermined elec-
trode, in the first operation mode.

[0062] A fourteenth aspect of the present invention pro-
vides the display device according to one of the eleventh
through the thirteenth aspects of the present invention.
[0063] In the first operation mode:

[0064] a predetermined voltage pulse is applied to the sec-
ond wiring, whereby the first active element is turned on or off
depending on a voltage value of the predetermined electrode;
and

[0065] the predetermined electrode is supplied with a volt-
age of the first wiring via the first active element when the first
active element is turned on.

[0066] A fifteenth aspect of the present invention provides
the display device according to one of the eleventh through
the thirteenth aspects of the present invention. In this display
device,

[0067] the voltage pulse is applied to all of the second
wirings simultaneously whereby these first active elements
make the voltage supply based on a voltage value of the
corresponding predetermined electrode, in the first operation
mode.

[0068] A sixteenth aspect of the present invention provides
the display device according to the thirteenth aspect of the
present invention. In this display device,

[0069] the second wiring is provided for each scanning
signal line; and
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[0070] application of the voltage pulse to the second wiring
is performed selectively in batch per scanning signal line,
whereby respective first active elements make the voltage
supply based on a voltage value of the corresponding prede-
termined electrodes, in the first operation mode.

[0071] A seventeenth aspect of the present invention pro-
vides the display device according to one of the eleventh
through the fourteenth aspects of the present invention. In this
display device,

[0072] the voltage of the second wiring when the voltage
pulse application is not performed is lower than when the
voltage pulse application is performed if the first active ele-
ment is provided by an N-channel transistor, whereas

[0073] the voltage of the second wiring when the voltage
pulse application is not performed is higher than when the
voltage pulse application is performed if the first active ele-
ment is provided by a P-channel transistor.

[0074] An eighteenth aspect of the present invention pro-
vides the display device according to the seventeenth aspect
of the present invention. In this display device,

[0075] voltage settings for the first wiring, and for the sec-
ond wiring including settings for the voltage pulse are so
made that the first active element turns on upon presence of
the voltage pulse applied to the second wiring while the first
active element turns off upon absence of the voltage pulse
applied to the second wiring if the predetermined electrode is
supplied with a voltage which lies within a predetermined
range set around a reference voltage given by the first wiring,
and that the first active element is turned off regardless of the
voltage pulse application to the second wiring if the prede-
termined electrode is supplied with a voltage which lies out of
the said predetermined range but lies within a different pre-
determined range.

[0076] A nineteenth aspect of the present invention pro-
vides the display device according to one of the sixth through
the eighth, and the tenth aspects of the present invention. In
this display device,

[0077] the display device has a first operation mode for a
voltage supply from the first wiring to the predetermined
electrode.

[0078] In the first operation mode:

[0079] a deactivation signal is supplied to the scanning
signal line connected to the control terminal of the third active
element, whereby the third active element is turned off; and
[0080] the data signal lines has a predetermined fixed volt-
age.

[0081] A twentieth aspect of the present invention provides
the display device according to the nineteenth aspect of the
present invention. In this display device,

[0082] the predetermined electrode is supplied with a volt-
age which is given by a proportional division of a difference
between a voltage of the first wiring and the said predeter-
mined voltage by an off resistance of the first active element
and an off resistance of the third active element if the first
active element is in an off state, in the first operation mode.
[0083] A twenty-first aspect of the present invention pro-
vides the display device according to the twentieth aspect of
the present invention. In this display device,

[0084] the said predetermined voltage is set to a voltage
value which satisfies a condition that a voltage value given by
a proportional division of a difference between a voltage of
the first wiring and the said predetermined voltage by an off
resistance of the first active element and an off resistance of
the third active element is approximately equal to the lowest
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of the voltages which must be supplied to the predetermined
electrode in order for the capacitance to hold pixel data.
[0085] A twenty-second aspect of the present invention
provides the display device according to the twenty-first
aspect of the present invention. In this display device,
[0086] the said predetermined voltage is set to a voltage
value which satisfies a condition that a voltage value given by
a proportional division of a difference between a voltage of
the first wiring and the said predetermined voltage by an off
resistance of the first active element and an off resistance of
the third active element is approximately equal to zero.
[0087] A twenty-third aspect of the present invention pro-
vides the display device according to one of the sixth through
the eighth, the tenth, the thirteenth, and the nineteenth
through the twenty-second aspects of the present invention. In
this display device,

[0088] the display device has a second operation mode for
supplying the predetermined electrode with data signal which
indicates a pixel to be formed by the pixel circuit.

[0089] In the second operation mode:

[0090] an activation signal is supplied to the scanning sig-
nal line connected to the control terminal of the third active
element, whereby the third active element is turned on; and
[0091] the predetermined electrode is supplied with the
data signal via the data signal line and the third active element
when the third active element is in an on state.

[0092] A twenty-fourth aspect of the present invention pro-
vides the display device according to the twenty-third aspect
of the present invention. In this display device,

[0093] the first wiring is supplied with a voltage for turning
on the second active element regardless of a voltage supplied
to the predetermined electrode, in the second operation mode.
[0094] A twenty-fifth aspect of the present invention pro-
vides the display device according to the twenty-third aspect
of the present invention. In this display device,

[0095] the first wiring is supplied with a voltage for turning
off the second active element regardless of a voltage supplied
to the predetermined electrode, in the second operation mode.
[0096] A twenty-sixth aspect of the present invention pro-
vides the display device according to one of the sixth through
the eighth, the tenth, the thirteenth, and the nineteenth
through the twenty-fifth aspects of the present invention. In
this display device,

[0097] the display device has a third operation mode for
replacing the voltage of the predetermined electrode so that
polarity of the voltage applied to the capacitance for holding
the pixel data is inverted; and

[0098] the scanning signal lines are driven so that the polar-
ity is inverted, and the predetermined electrodes are supplied
with voltages of the inverted polarity via the data signal lines,
in the third operation mode.

[0099] A twenty-seventh aspect of the present invention
provides the display device according to the twenty-sixth
aspect of the present invention. In this display device,
[0100] The predetermined electrodes are supplied with the
voltages of the inverted polarity via the data signal lines so
that the voltages have a same polarity within a given frame, in
the third operation mode.

[0101] A twenty-eighth aspect of the present invention pro-
vides the display device according to the twenty-sixth or the
twenty-seventh aspect of the present invention. In this display
device,



US 2012/0081345 Al

[0102] the display device has a first operation mode for a
voltage supply from the first wiring to the predetermined
electrode;

[0103] a predetermined voltage pulse is applied to the sec-
ond wiring in the first operation mode, whereby the first active
element makes the voltage supply based on a voltage value of
the predetermined electrode; and

[0104] atime interval for the polarity inversion in the third
operation mode is longer than ten times of a time interval for
the voltage pulse application in the first operation mode.
[0105] A twenty-ninth aspect of the present invention pro-
vides the display device according to the twenty-sixth or the
wenty-seventh aspect of the present invention. In this display
device,

[0106] the predetermined electrodes are supplied with pixel
data stored in a predetermined memory as a representation of
at least one frame-full of image data, as voltages of the
inverted polarity via the data signal lines and the third active
elements, in the third operation mode.

[0107] A thirtieth-first aspect of the present invention pro-
vides a display device, which includes:

[0108] the pixel circuit according to the first aspect of the
present invention provided for each pixel for an image to be
displayed;

[0109] a plurality of scanning signal lines;

[0110] aplurality of data signal lines crossing the scanning
signal lines; and

[0111] a third wiring. In this display device,

[0112] the pixel circuit is connected to one of the scanning
signal lines and to one of the data signal lines; and

[0113] the third wiring has a capacitance coupling with the
predetermined electrode in all of the pixel circuits.

[0114] A thirty-first aspect of the present invention pro-
vides the display device according to one of the sixth through
the twenty-ninth aspects of the present invention. In this
display device,

[0115] the display device further includes a third wiring;
and

[0116] the third wiring has a capacitance coupling with the
predetermined electrode in all of the pixel circuits.

[0117] A thirty-second aspect of the present invention pro-
vides a display device, which includes:

[0118] the pixel circuit according to the first aspect of the
present invention provided for each pixel for each image to be
displayed;

[0119] a plurality of scanning signal lines;

[0120] aplurality of data signal lines crossing the scanning
signal lines; and

[0121] a third wiring provided for each of the scanning
signal lines. In this display device,

[0122] each pixel circuitis connected to one of the scanning
signal lines and to one of the data signal lines; and

[0123] each third wiring has a capacitance coupling with
each predetermined electrode in those pixel circuits con-
nected to the scanning signal line which corresponds to the
said third wiring.

[0124] A thirty-third aspect of the present invention pro-
vides the display device according to one of the sixth through
the eighth, the tenth, the thirteenth, and the nineteenth
through the twenty-ninth aspects of the present invention. In
this display device,

[0125] the display device further includes a third wiring
provided for each of the scanning signal lines; and
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[0126] each third wiring has a capacitance coupling with
each predetermined electrode in those pixel circuits con-
nected to the scanning signal line which corresponds to the
said third wiring.

Advantages of the Invention

[0127] According to the first aspect of the present inven-
tion, a control terminal of the first active element is supplied
with a voltage in accordance with a voltage of the predeter-
mined electrode which forms a capacitance for holding pixel
data, via the second active element. If the voltage of the
predetermined electrode is within a predetermined range set
around a voltage of the first wiring, the second active element
assumes an OFF state, and when a predetermined voltage
pulse is applied to the second wiring, the voltage of the
control terminal changes (typically the voltage rises) to turn
ON the first active element. As the first active element turns
ON, a voltage of the first wiring is supplied to the predeter-
mined electrode via the first active element. Based on these
operations described above, it is possible to refresh the volt-
age of the predetermined electrode. In conventional refresh-
ing in a liquid crystal display device, a voltage which has a
different polarity from the polarity of a voltage held in a pixel
capacitance as pixel data is written as pixel data. According to
the present invention, however, refreshing means that a volt-
age of the same polarity as before is written again as pixel data
to the capacitance formed by the predetermined electrode.
With such a refreshing procedure as described, it is now
possible, for example, that even if there is voltage creep
caused in the predetermined electrode by leak current after
the predetermined electrode is supplied with a desired volt-
age, a desired voltage can be supplied from the first wiring via
the first active element by applying a voltage pulse to the
second wiring as far as the creeping voltage stays within the
predetermined range. With the refreshing operation as
described, it is now possible in display devices which use the
pixel circuit according to the present invention, to reduce
power consumption for displaying still images by increasing
polarity inversion interval in liquid crystal display while
reducing decrease in display quality. Since the above-de-
scribed refreshing operation requires only a simple configu-
ration, it is possible to reduce decrease in aperture ratio in
comparison to conventional arrangements which rely on
memories provided in the display section to display still
images with reduced power consumption in a permanent
display mode in mobile phones, etc.

[0128] According to the second aspect of the present inven-
tion, the third active element is turned ON by applying an
activation signal to a scanning signal line which is connected
to the control terminal of the third active element, whereby a
voltage is supplied to the predetermined electrode from the
data signal line which is connected to the third active element.
In other words, it is now possible to write pixel data to the
pixel circuit via the data signal line and the third active ele-
ment.

[0129] According to the third aspect of the present inven-
tion, the predetermined electrode for formation of the capaci-
tance for holding pixel data is capacitance-coupled with the
third wiring. Therefore, it is possible, by supplying the third
wiring with a predetermined voltage, to stably maintain the
voltage which has been supplied as pixel data from the data
signal line to the predetermined electrode.

[0130] According to the fourth aspect of the present inven-
tion, each of the predetermined electrodes arranged in the
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matrix pattern is included in one of the pixel circuits, and by
supplying these circuits with pixel data voltages via the data
signal lines, each pixel circuit forms a pixel in accordance
with the given voltage, whereby image display is achieved.
[0131] According to the fifth aspect of the present inven-
tion, at least one of the first and the second wirings is shared
by a plurality of the pixel circuits. Therefore, it is possible to
supply these pixel circuits with a predetermined voltage or
voltage pulse commonly and simultaneously via this at least
one wiring.

[0132] The sixth and the seventh aspects of the present
invention provide the same advantages as the second aspect of
the present invention since whichever of the proposed active
matrix display devices is constituted by using the pixel circuit
that has the same configuration as the pixel circuit according
to the second aspect of the present invention.

[0133] According to the eighth aspect of the present inven-
tion, at least one of the first and the second wirings is shared
by a plurality of the pixel circuits connected to the same
scanning signal line. Therefore, it is possible to supply these
pixel circuits with a predetermined voltage or voltage pulse
commonly and simultaneously via this at least one wiring, in
batch per scanning signal line.

[0134] Inwhicheverof the ninth and the tenth aspects of the
present invention, at least one of the first and the second
wirings is shared by all of the pixel circuits. Therefore, it is
possible to supply all of the pixel circuits with a predeter-
mined voltage or voltage pulse commonly and simulta-
neously via this at least one wiring.

[0135] In whichever of the eleventh through the thirteenth
aspects of the present invention, a predetermined voltage
pulse is applied to the second wiring in the first operation
mode, whereby the first active element makes voltage supply
from the first wiring to the pixel electrode based on a voltage
value of the predetermined electrode. Therefore, it is possible
to suppress voltage creep in the predetermined electrode
caused by leak current. As a result, it is now possible to reduce
power consumption in displaying still images by increasing
polarity inversion interval in liquid crystal display while
reducing decrease in display quality.

[0136] According to the fourteenth aspect of the present
invention, a predetermined voltage pulse is applied to the
second wiring in the first operation mode, whereby the first
active element is turned ON or OFF depending on a voltage of
the predetermined electrode. If the first active element is
turned ON; a voltage of the first wiring is supplied to the
predetermined electrode, and therefore, it is possible to sup-
press voltage creep in the predetermined electrode caused by
leak current. As a result, it is now possible to reduce power
consumption for displaying still images by increasing polar-
ity inversion interval in liquid crystal display while reducing
decrease in display quality.

[0137] According to the fifteenth aspect of the present
invention, a voltage pulse is applied simultaneously to all of
the second wirings in the first operation mode. Therefore, a
refreshing operation, i.e. voltage supply from the first wiring
to the predetermined electrode by the first active element in
accordance with a voltage value of the predetermined elec-
trode, takes place collectively for all of the pixel circuits. The
arrangement makes it possible to generate the voltage pulse
for the refreshing operation with a simple configuration.
[0138] According to the sixteenth aspect of the present
invention, a voltage pulse is applied selectively to the second
wirings in batch per scanning signal line, in the first operation
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mode. Therefore, a refreshing operation, i.e. voltage supply
from the first wiring to the predetermined electrode by the
first active element in accordance with a voltage value of the
predetermined electrode, takes place in batch of the pixel
circuits belonging to one scanning signal line as a unit. For
this reason, the arrangement decreases peak current due to the
refreshing operation in comparison to the collective refresh-
ing described above.

[0139] According to the seventeenth aspect of the present
invention, if the first active element is provided by an N-chan-
nel transistor, the voltage of the second wiring when the
voltage pulse application is not performed is lower than when
the voltage pulse application is performed, and thus, the volt-
age pulse applied to the second wiring causes the above-
described refreshing to take place. If the first active element is
provided by a P-channel transistor, the voltage of the second
wiring when the voltage pulse application is not performed is
higher than when the voltage pulse application is performed,
and thus, the voltage pulse applied to the second wiring
causes the above-described refreshing to take place.

[0140] According to the eighteenth aspect of the present
invention, if the predetermined electrode is supplied with a
voltage which lies within a predetermined range set around a
reference voltage given by the first wiring, the first active
element is turned ON when the voltage pulse is applied to the
second wiring, to supply the predetermined electrode with the
voltage of the first wiring. On the other hand, if the voltage
pulse is not applied to the second wiring or if the predeter-
mined electrode is supplied with a voltage which lies out of
the above-mentioned predetermined range but lies within a
different predetermined range, the first active element is
turned OFF, and therefore, the voltage of the first wiring is not
supplied to the predetermined electrode, so thereis no voltage
change in the predetermined electrode.

[0141] According to the nineteenth aspect of the present
invention, the voltage of each data signal line is fixed to a
predetermined value in the first operation mode. This sup-
presses operation by the data signal line driving circuit, keep-
ing output buffers and other components in the data signal
line driving circuit to stay in a deactivated state, leading to
remarkable reduction in power consumed by the display
device.

[0142] According to the twentieth aspect of the present
invention, in the first operation mode, if the first active ele-
ment is turned off, the predetermined electrode is supplied
with a voltage which is given by a proportional division of a
difference between a voltage of the first wiring and the said
predetermined voltage by an off resistance of the first active
element and an off resistance of the third active element, i.e.
an off-resistance-division voltage is supplied to the predeter-
mined electrode. The arrangement makes it possible to main-
tain the voltage of the predetermined electrode at the off-
resistance-division voltage. If the predetermined electrode is
supplied with a voltage approximately equal to the off-resis-
tance-division voltage of the voltages to be supplied to the
predetermined electrode, there is little creep in the voltage of
the predetermined electrode.

[0143] According to the twenty-first aspect of the present
invention, the voltage to be supplied from the data signal line
to the predetermined electrode in order to make the capaci-
tance in the pixel circuit hold pixel data lies within a range of
0 volt to a predetermined positive voltage value. In the first
operation mode, the above off-resistance-division voltage is
set to a voltage value (the predetermined voltage) which is
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approximately equal to the lowest of the voltages to be sup-
plied to the predetermined electrode. Therefore, the arrange-
ment makes it possible to maintain the voltage of the prede-
termined electrode closely to the voltage which was supplied
from data signal line to the predetermined electrode, by sup-
plying a voltage(s) which are not the lowest of those voltages
to be supplied to the predetermined electrode from the first
wiring, and supplying the lowest (voltage approximately
equal thereto) of the voltages from a connection point
between the first active element and the third active element,
in the first operation mode.

[0144] According to the twenty-second aspect of the
present invention, the off-resistance-division voltage
approximately equals to zero, in the first operation mode.
Therefore, the arrangement makes it possible to maintain the
voltage of the predetermined electrode closely to the voltage
which was supplied from data signal line to the predetermined
electrode, by supplying a non-near-zero voltage(s) of the
voltages to be supplied to the predetermined electrode from
the first wiring, and supplying the voltage which is approxi-
mately zero volt from a connection point between the first
active element and the third active element, in the first opera-
tion mode.

[0145] According to the twenty-third aspect of the present
invention, in the second operation mode, data signal is sup-
plied to the predetermined electrode via the data signal line
and the third active element whereby data is written from the
data signal line to the pixel circuit when the third active
element is in ON state.

[0146] According to the twenty-fourth aspect of the present
invention, the second active element is in ON state, so the
control terminal of the first active element is supplied with the
voltage of the predetermined electrode, which prevents the
first active element from tuming ON. Thus, the pixel circuit
operates in a conventional manner, and data signal is supplied
from the data signal line to the predetermined electrode.
[0147] According to the twenty-fifth aspect of the present
invention, the second active element is in OFF state in the
second operation mode. Thus, by setting the control terminal
voltage of the first active element not to turned ON regardless
of the voltage of the predetermined electrode, it becomes
possible to let the pixel circuit operate in a conventional
manner to supply data signal from the data signal line to the
predetermined electrode.

[0148] According to the twenty-sixth aspect of the present
invention, in the third operation mode, a voltage of inverted
polarity is supplied to the predetermined electrode via the
data signal line so that the voltage to be applied to the capaci-
tance to hold pixel data will have an inverted polarity. There-
fore, the arrangement provides image display by AC drive, for
example in order to prevent display quality of liquid crystal
display devices from being reduced due to ion accumulation
on the electrode side, premature deterioration of the liquid
crystal, etc. which are caused by DC voltage application to the
liquid crystal.

[0149] According to the twenty-seventh aspect of the
present invention, all voltages applied to the capacitances for
holding pixel data have the same polarity within the same
frame in the third operation mode, and polarity inversion
interval for the data signals is long. This makes possible to
reduce power consumption.

[0150] According to the twenty-eighth aspect of the present
invention, the time interval for the polarity inversion in the
third operation mode is longer than ten times the time interval
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for voltage pulse application to the second wiring in the first
operation mode. This makes it possible to drastically reduce
occasions for driving data signal lines and other components
to perform polarity inversion while suppressing voltage creep
in the predetermined electrode caused by leak current. As a
result, it is now possible to make sufficient reduction of power
consumption in displaying (permanent display of) still
images while avoiding poor display quality caused by flick-
ering or decreased contrast.

[0151] According to the twenty-ninth aspect of the present
invention, pixel data which is stored in a predetermined
memory is supplied as the above-described polarity-inverted
voltages to the predetermined electrode via the data signal
line, etc., in the third operation mode. Therefore, the polarity
inversion can be implemented without providing a separate
polarity inversion circuit.

[0152] In whichever of the thirtieth and the thirty-first
aspects of the present invention, the predetermined electrode
for formation of the capacitance for holding pixel data is
capacitance-coupled with the third wiring. Therefore, by sup-
plying the third wiring with a predetermined voltage, it is
possible to stably hold the voltage which was captured in the
pixel circuit as pixel data from the data signal line. Also, ifthis
arrangement is applied to a liquid crystal display device in
which the liquid crystal is sandwiched by the predetermined
electrode and the counter electrode opposed thereto, the volt-
age of the counter electrode may be fixed, with the voltage of
the third wiring changed. This also improves display quality
while reducing power consumption.

[0153] In whichever of the thirty-second and the thirty-
third aspects of the present invention, the predetermined elec-
trode for formation of the capacitance for holding pixel datais
capacitance-coupled with the third wiring. Therefore, by sup-
plying the third wiring with a predetermined voltage, the
arrangement makes it possible to stably hold the voltage
captured as pixel data in the pixel circuit from the data signal
line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0154] FIG. 1 is a block diagram showing an overall con-
figuration of a liquid crystal display device according to a first
embodiment of the present invention.

[0155] FIG. 2 is a circuit diagram showing a configuration
of a pixel circuit according to the first embodiment.

[0156] FIG. 3 is a chart showing operating conditions for a
writing period and a self-refreshing period in a permanent
display mode according to the first embodiment.

[0157] FIG. 4 is a timing block diagram for describing
operating periods involved in the permanent display mode
according to the first embodiment.

[0158] FIG. 5 shows a signal waveform charts (A through
H) for describing operations in a writing period in the perma-
nent display mode according to the first embodiment.
[0159] FIG. 6 shows a signal waveform charts (A through
G) for describing operations in a self-refreshing period in the
permanent display mode according to the first embodiment.
[0160] FIG. 7 shows circuit diagrams (A through D) for
describing operations when applying a positive high voltage
to a pixel liquid crystal in the permanent display mode
according to the first embodiment.

[0161] FIG. 8 shows circuit diagrams (A through D) for
describing operations when applying a positive low voltageto
a pixel liquid crystal in the permanent display mode accord-
ing to the first embodiment.
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[0162] FIG. 9 shows circuit diagrams (A through D) for
describing operations when applying a negative low voltage
to a pixel liquid crystal in the permanent display mode
according to the first embodiment.

[0163] FIG. 10 shows circuit diagrams (A through D) for
describing operations when applying a negative high voltage
to a pixel liquid crystal in the permanent display mode
according to the first embodiment.

[0164] FIG.11isablock diagram for describing a variation
of the first embodiment.

[0165] FIG. 12 is a circuit diagram for describing another
variation of the first embodiment.

[0166] FIG.13isa circuit diagram showing a configuration
of a pixel circuit in a case where the present invention is
applied to a different liquid crystal display device.

[0167] FIG. 14 isa circuit diagram showing a configuration
of a pixel circuit in a case where the present invention is
applied to still another different liquid crystal display device.
[0168] FIG.15isa circuit diagram showing a configuration
of a pixel circuit in a case where the present invention is
applied to an organic EL display device.

MODE FOR CARRYING OUT THE INVENTION

[0169] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.

1. First Embodiment
1.1 Configuration of Liquid Crystal Display Device

[0170] FIG.1isablock diagram showinga configuration of
aliquid crystal display device according to a first embodiment
of the present invention. FIG. 2 is a circuit diagram showing
a configuration of a pixel circuit 111 according to the embodi-
ment. The liquid crystal display device according to the
present embodiment has a transparent, normal display mode,
and a reflective, permanent display mode. The permanent
display mode has a writing mode, a refreshing mode and a
polarity inverting mode. The normal display mode is an
operation mode employed in normal use, e.g., for movie
display when this liquid crystal display device is incorporated
in a mobile phone and is required to operate in a transparent
mode, whereas the permanent display mode is an operation
mode when still images are displayed in a reflective mode
under low power consumption. Note, however, that the
present invention is not limited to such an application and/or
configuration as the above.

[0171] Asshown inFIG. 1, the liquid crystal display device
according to the present embodiment includes an active
matrix display section 100 utilizing an active matrix substrate
101; a source driver 300 as a data signal line driving circuit; a
gate driver 410 as a scanning signal line driving circuit; a
common electrode driving circuit 600; and in addition, a
display control circuit 200 for controlling the source driver
300, the gate driver 410 and the common electrode driving
circuit 600. It should be noted here that although F1G. 1 shows
the source driver 300, the gate driver 410 and the common
electrode driving circuit 600 as separate constituent elements
from the active matrix substrate 101 in the display section
100, part or all of these may be formed on the active matrix
substrate 101, integrally with the pixel circuit 111. This also
applies to other embodiments.

[0172] Thedisplay section 100 in the liquid crystal display
device is constituted by a pair of electrode substrates which
sandwich a liquid crystal layer. Each electrode substrate has a
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polarization plate attached to its outer surface. One of the
electrode substrates is the active matrix substrate 101. As
shown in FIG. 1 and FIG. 2, the active matrix substrate 101 is
an insulating substrate made of glass for example, which is
formed with a plurality (N) of gate lines GL(1) through
GL(N) as scanning signal lines; a plurality (N) of CS lines as
auxiliary capacitance lines each corresponding to one of the
gate lines GL(1) through GL(N); a plurality (M) of source
lines SL1 through SLM as data signal lines each crossing each
of the gate lines GL(1) through GL(N); and a plurality (N
times M) of the pixel circuits 111 arranged in a matrix pattern
so that each corresponds to one of the intersections made by
the gate lines GL(1) through GL(N) and the source lines SL1
through SLM. In the present embodiment, the CS lines are
connected to each other. Thus, they will be represented by a
single reference symbol “CSL”, and hereinafter, a voltage
applied to the CS lines CSL will be represented by a reference
symbol “CS”. In the present embodiment, the CS lines CSL
are given a common voltage Veom (CS=Vcom) which will be
described later.

[0173] In the configuration described above, each of the
pixel circuits 111 corresponds to one of the gate lines GL(1)
through GL(N), and one of the source lines SL1 through
SLM; each pixel circuit 111 is connected with the corre-
sponding gate line GL(i) and the corresponding source line
SLj, as well as with one of the CS lines CSL which corre-
sponds to the gate line GL(i). As shown in FIG. 2, each pixel
circuit 111 includes a main circuit 111a which has essentially
the same configuration as a pixel circuit in conventional liquid
crystal display devices, and a self-refreshing circuit 1115.
[0174] The main circuit 111q in the pixel circuit 111 has a
pixel electrode Ep, and a thin-film transistor T3 having its
gate terminal connected to the corresponding gate line GL(1)
and serving as an active element. The thin-film transistor T3
serves as a switching element. The pixel electrode Ep is
connected to the corresponding source line SIj via the thin-
film transistor T3.

[0175] Also, as shown in FIG. 1 and FIG. 2, the active
matrix substrate 101 is further formed with a reference line
RFL and a boosting signal line BSL along each of the gate
lines GL(1) through GL(N). As shown in FIG. 1, the reference
lines RFL formed along the respective gate lines GL(i) are
connected with each other, and then with the display control
circuit 200. Likewise, the boosting signal lines BSL formed
along the respective gate lines GL(i) are connected with each
other, and then with the display control circuit 200.

[0176] The other one of the electrode substrates in the dis-
play section 100 is called counter substrate 102, and the
present counter substrate 102 is a transparent, insulating sub-
strate made of glass for example, having its entire surface
formed with a common electrode (also called “counter elec-
trode”) Ec. The common electrode Ec is formed commonly to
the plurality (N times M) of pixel circuits 111, and is opposed
to the plurality of pixel electrodes Ep in the pixel circuits 111
via the liquid crystal layer. With the above, each pixel circuit
111 in the active matrix substrate 101 constitutes a pixel
formation section, with its common electrode Ec which is a
shared electrode, as well as with the liquid crystal layer. In
this pixel formation section, the pixel electrode Ep and the
common electrode Ec constitute a liquid crystal capacitance
Cle. Also, in order to achieve assured holding of a voltage in
the liquid crystal capacitance Clc, an auxiliary capacitance
element Cs is formed in parallel to the liquid crystal capaci-
tance Clc. Specifically, in the active matrix substrate 101, the
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CS lines CSL and the pixel electrodes Ep which are opposed
thereto with an insulation film, etc. in between constitute the
auxiliary capacitance elements Cs. Therefore, the liquid crys-
tal capacitance Clc and the auxiliary capacitance element
(hereinafter also called “auxiliary capacitance”) Cs constitute
a capacitance where a data signal S(j) as a pixel data is to be
written and stored (and hereinafter, this capacitance will be
called “pixel capacitance” and represented with a symbol
“Cp”). Specifically, by using these symbols “Cp”, “Clc” and
“Cs” also as representations of capacitance values, the fol-
lowing expression is true: Cp=Clc+Cs. Hereinafter, the liquid
crystal capacitance Clc will also be included in the pixel
circuit 111 when describing operations, etc. of the pixel cir-
cuit 111.

[0177] In each pixel circuit 111 in the active matrix sub-
strate 101, the main circuit 1114 mentioned earlier receives
and holds a data signal S(j) as pixel data. On the other hand,
the self-refreshing circuit 1115 functions as an active pull-up
circuit for performing refreshing operations to be described
later. The self-refreshing circuit includes a thin-film transistor
(hereinafter called “first transistor”) T1 as a first active ele-
ment; a thin-film transistor (hereinafter called “the second
transistor”) T2 as a second active element; and a boosting
capacitance element Chst. The boosting capacitance element
Cbst has a capacitance value which is sufficiently smaller
than a capacitance value of the pixel capacitance Cp which is
made of the auxiliary capacitance element Cs and the liquid
crystal capacitance Cle (Cbst<<Cp).

[0178] The main circuit 111a has an active element pro-
vided by a thin-film transistor (hereinafter called “the third
transistor”) T3, which has a connecting point (hereinafter
called “node N1”) with the pixel electrode Ep, and this node
is connected to the reference line RFL via the first transistor
T1 of the self-refreshing circuit 1115 whereas the first tran-
sistor T1 has its gate terminal connected to an end of the
boosting capacitance element Chst (hereinafter a node
including this end will be called “node N27). The earlier-
mentioned end (node N2) of the boosting capacitance ele-
ment Chst is connected to the pixel electrode Ep via the
second transistor T2, whereas the other end of the boosting
capacitance element Cbst is connected to the boosting signal
lines BSL. The second transistor T2 has its gate terminal
connected to the reference line RFL.

[0179] As shown in FIG. 1 and FIG. 2, the pixel electrode
Ep in each pixel circuit 111 receives an electric potential in
accordance with an image to be displayed, from the source
driver 300 and the gate driver 410 whose operations will be
described later, whereas the common electrode Ec receives a
common potential Vcom generated by the common electrode
driving circuit 600 (the common potential Vcom is also called
“counter voltage” or “common voltage”). Thus, a voltage in
accordance with a potential difference between the pixel elec-
trode Ep and the common electrode Ec is applied to the liquid
crystal. The applied voltage controls the amount of light
passing through the liquid crystal layer, thereby achieving an
image display. Note, however, that polarization plates are
utilized to control the amount of light passed upon voltage
application to the liquid crystal layer. In the liquid crystal
display device according to the present embodiment, polar-
ization plates constitute a normally black configuration.
[0180] In the present embodiment, the common voltage
Vcom is not a fixed value but takes alternating values, i.e. a
predetermined H level value (5 volts) and a predetermined L.
level value (0 volt), which are generated by the common
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electrode driving circuit 600 (method of driving the common
electrode (counter electrode) Ec in such a manner as
described here by the common voltage Veom is called
“counter AC driving”). More specifically, the common volt-
age Vcom is generated to alternate between the predeter-
mined H level and the predetermined L level for each hori-
zontal period in the normal display mode, while in the
permanent display mode, to alternate between the predeter-
mined H level and the predetermined L level for each period
which is equal to the frame period multiplied by an integer. In
the permanent display mode hereinafter, the common voltage
Veom will alternate between the predetermined H level and
the predetermined L level for each p frame periods (p repre-
sents an integer not smaller than two, typically being in a
range from several tens through several hundreds).

[0181] Inthe normal display mode in the present embodi-
ment, the source lines SL1 through SLM, gate lines GL(1)
through GL(N) and the common electrode Ec are driven in
such a way that polarity of the voltage applied to the liquid
crystal will be inverted for each frame period, as well as
inverted for each display line (for each scanning line) in each
frame. Specifically, in a horizontal period where the common
voltage Vcom takes the predetermined L level, a positive
voltage is applied to the pixel liquid crystal (pixel capacitance
Clc) in each pixel circuit 111 as a result of the above-de-
scribed driving operation to give each pixel electrode Ep a
voltage which represents pixel data via the source line SIj.
Also, in ahorizontal period where the common voltage Veom
takes the predetermined H level, a negative voltage is applied
to the pixel liquid crystal in each pixel circuit 111 as each
pixel electrode Ep is given a voltage which represents pixel
data via each source line SLj. Then, polarity of the voltage
applied to the pixel liquid crystal in each pixel circuit 111 is
inverted for each frame period. On the other hand, as will be
described later, in the writing period of the permanent display
mode in the present embodiment, the source lines SL1
through SLM, the gate lines GL(1) through GL(N) and the
common electrode Ec are driven in such a way that polarity of
the voltage applied to the liquid crystal will be inverted for
each p frame periods (p is an integer not smaller than two).
Specifically, in a frame period where the common voltage
Veom takes the predetermined L level, a positive voltage is
applied to the pixel liquid crystal (pixel capacitance Clc) in
each pixel circuit 111 as a result of the above-described driv-
ing operations to give each pixel electrode Ep a voltage which
represents pixel data via the source line SLj. Also, in a frame
period where the common voltage Vcom takes the predeter-
mined H level, a negative voltage is applied to each pixel
liquid crystal in each pixel circuit 111 as each pixel electrode
Ep is given a voltage which represents pixel data via each
source line SLj.

[0182] Thedisplay controlcircuit 200 receives a data signal
Dv which represents an image to be displayed, and a timing
signal Ct, from an outside signal source; and then generates
the following signals based on these signals Dv and Ct for
displaying the image in the display section 100: a digital
image signal DA and a data-line timing control signal Stc to
be supplied to the source driver 300; a scanning-line timing
control signal Gtc to be supplied to the gate driver 410; a
common voltage control signal to be supplied to the common
electrode driving circuit 600; and a boosting signal BST and
a reference voltage REF to be supplied to the boosting signal
lines BSL and the reference lines RFL respectively in the
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active matrix substrate 101. It should be noted here that, as
will be described, the reference voltage REF 1s also used as a
refreshing voltage.

[0183] The source driver 300 in the normal display mode
generates, based on the digital image signal DA and the
data-line timing control signal Stc, analog voltages which
represent pixel values for one display line of the image rep-
resented by the digital image signal DA, as data signals S(1)
through S(M) for each horizontal period (for each 1H), and
applies these data signals S(1) through S(M) to the respective
source lines SL1 through SLM. On the other hand, in the
permanent display mode, the source driver 300 generates
voltages which take one of two values instead of the analog
voltages, as the data signals S(1) through S(M) for each
horizontal period, and applies these data signals S(1) through
S(M) to the respective source lines SL1 through SLM (details
to be described later).

[0184] Inthenormal display mode according to the present
embodiment, the data signals S(1) through S(M) are output-
ted in such a way that polarity of the voltage applied to the
liquid crystal layer is inverted for each frame period, as well
as for each display line in each frame (hereinafter this method
will be called “line inversion driving”). Therefore, the source
driver 300 inverts the polarity (determined with reference to
the common voltage Veom) of the data signal S(j) which is
applied to each source line SLj, for each horizontal period in
the normal display mode. On the other hand as will be
described later, in the writing period in the permanent display
mode according to the present embodiment, data signals S(1)
through S(M) are outputted in such a way that polarity of the
voltage applied to the liquid crystal layer is inverted for each
p frame periods (p represents an integer not smaller than two),
in such a way that the voltages applied to the pixel liquid
crystals based on the pixel data written to the respective pixel
circuits 111 in each frame period have the same polarity
within the same frame (hereinafter this method will be called
“frame inversion driving”). Therefore, during the writing
period of the permanent display mode, the source driver 300
inverts polarity (determined with reference to the common
voltage Vcom) of the data signal S(j) which is applied to each
source line SLj for each p frame periods.

[0185] The gate driver 410 selects the gate lines GL(1)
through GL(N) sequentially for substantially one horizontal
period based on the scanning-line timing control signal Gtc in
each frame period (each vertical scanning period) of the digi-
tal image signal DA, for writing of data signals S(1) through
S(M) to the respective pixel circuits 111.

[0186] Hence, as the source lines SL1 through SLM, the
gate lines GL(1) through GL(N) and the common electrode
Ec (CS lines CSL) are driven in the manner as described
above, each pixel data, which is a constituent data of the
image data that represent the image to be displayed, is sup-
plied to the corresponding pixel circuit 111 as the data signal
S(j), whereby light transmission ratio in the liquid crystal is
controlled, resulting in display of the image. More specifi-
cally in the present embodiment, full-color movies and still
images aredisplayed in the normal display mode whereas still
images in limited colors, 1.e. multi-colored still images, are
displayed in the permanent display mode.

1.2 Operations in Permanent Display Mode

[0187] FIG. 3 is achart showing operating conditions in the
permanent display mode in the present embodiment. FIG. 4 is
atiming block diagram for describing operating periods in the
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permanent display mode in the liquid crystal display device
according to the present embodiment. When operation shifts
from the normal display mode to the permanent display mode
in the present embodiment, first, pixel data constituting a still
image to be displayed is written to each corresponding pixel
circuit 111 (i.e. to pixel capacitance Cp thereof) in the form of
two-value data (the same applies to all of the variations).
Hereinafter, this writing operation will be called “permanent
display mode writing operation”. On the other hand, writing
operation in the normal display mode to give pixel data which
constitutes an image to be displayed to each corresponding
pixel circuit 111 (i.e. to pixel capacitance Cp thereof) will be
called “normal display mode writing operation”. However, a
simple term of “writing operation” will be used when there is
no room for confusion, e.g. when context gives a clear indi-
cation which mode is being discussed, or when there is no
need for differentiating between the two writing modes. Also,
a period during which the permanent display mode writing
operation is performed will be called “permanent display
mode writing period” or simply “writing period”, whereas an
operation mode for the permanent display mode writing
period will be called “writing mode”. In the permanent dis-
play mode writing period, pixel data for one display line is
written to the pixel circuits 111 for each horizontal period
(also called “1H period”), and therefore writing of pixel data
for one screen is completed in one vertical period (also called
“1V period” or 1 frame period”).

[0188] FIG. 5 shows a signal waveform charts for describ-
ing operations in the permanent display mode writing period
in the present embodiment. In the permanent display mode,
each pixel can only take either one of the two displays, black
display or white display. The term “black display” is a state of
blocking light, 1.e. Turn-OFF state whereas “white display” is
a state of allowing light to pass through, i.e. Turn-ON state.
Therefore, “white display” includes, for example, those states
where red, green or blue light can pass through. In the per-
manent display mode of the present embodiment, pixel liquid
crystals representing those pixels for black display receive a
low voltage V1 or -V1 whereas pixel liquid crystals repre-
senting those pixels for white display receive a high voltage
V2 or -V2. Under these operating presumptions, operating
conditions in the present embodiment are as shown in FIG. 3,
with V1=0V, and V2=5V. However, the present invention is
not limited to these operating conditions. Operating condi-
tions for the present invention may be whatsoever, as long as
they are adequate for a liquid crystal display device in which
the present invention is embodied, with a set of appropriate
conditions covering such a characteristic as relationship
between voltage applied to the liquid crystal and brightness.
[0189] In the permanent display mode writing period
according to the present embodiment, a scanning signal G(1)
as shown in FIG. 5(A) is applied to each gate line GL(i) (i=1
through N), whereby sequential selection is made to the gate
lines GL(1) through GL(N). On the other hand, the source
lines SL.1 through SLM receive data signals S(1) through
S(M) as shown in FIG. 5(B) and (C) which represent the
image to be displayed. Each pixel circuit 111 has its third
transistor T3 turned ON ifits corresponding gate line GL(i) is
in the selected state (i.e. during the time when the scanning
signal G(i) assumes an activated state or H level). Under this
state, a voltage of the corresponding source line SLj is sup-
plied to the pixel electrode Ep via the third transistor T3. As a
result, data signal S(j) in the form of the voltage of the source



US 2012/0081345 Al

line SLj is written as pixel data, to the corresponding pixel
capacitance Cp associated with the pixel electrode Ep.
[0190] This voltage ofthe data signal S(j)is held until a new
data signal S(j) is written to the pixel capacitance Cp in the
next frame period. In the above-described process, the liquid
crystal receives a voltage which is equal to the difference
between an electric potential of the pixel electrode Ep repre-
senting the voltage of the data signal S(j) and the common
potential Vcom, whereby light transmissivity in the liquid
crystal is controlled. It should be noted here that in the per-
manent display mode, pixel data (data signal S(j)) which is
written to each pixel circuit 111 is two-value data.

[0191] In the pixel data writing operation in the normal
display mode as well as in the permanent display mode, the
reference line RFL is supplied with a voltage which always
turns ON the second transistor T2 regardless of the voltage
given to the pixel electrode Ep, whereby the first transistor T1
1s prevented from being turned ON regardless of whether the
boosting signal BST is active or not (regardless of whether or
nota voltage pulse is applied to the boosting signal line BSL).
Thus, the self-refreshing circuit 1115 does not operate. How-
ever, this is not the only way to prevent the self-refreshing
circuit 1115 from operating at the time of pixel data writing
operation. One alternative, for example, is to give the refer-
ence lines RFL a reference voltage REF which always turns
OFF the second transistor T2 regardless of the voltage sup-
plied to the pixel electrode Ep in the pixel data writing opera-
tion, and apply a low voltage to the boosting signal lines BSL,
so that the first transistor T1 is kept in OFF state. This arrange-
ment also keeps the self-refreshing circuit 1114 deactivated.
Another alternative is to supply the reference line RFL with a
voltage which always turns OFF the second transistor T2
regardless of the voltage given to the pixel electrode Ep in the
pixel data writing operation, change the voltage of the node
N2 (the gate terminal ofthe first transistor T1) so as to prevent
the first transistor T1 from being turned ON, immediately
before the second transistor T2 is turned OFF, and keep the
boosting signal BST deactivated. This arrangement also
keeps the self-refreshing circuit 1115 deactivated.

[0192] AsshowninFIG. 4, in the permanent display mode,
the writing mode comes to an end when the writing operations
for one frame are completed. Then, the self-refreshing period
starts to perform a refreshing operation to suppress voltage
creep (caused by leak current) in the pixel electrode Ep in
each pixel circuit 111. The operation mode for the self-re-
freshing period will be called “refreshing mode”. FIG. 6
shows signal waveform charts for describing the refreshing
operation. FIG. 3 lists voltage values of each signal as oper-
ating conditions in the self-refreshing period where the
refreshing operation is performed, together with operation
conditions for the writing period. Hereinafter, the pixel circuit
111 may be denoted by using a reference symbol “P(, j)”
when it is necessary to clarify the location of the pixel circuit:
The “pixel circuit P(j, j)” means a pixel circuit 111 which is
connected to the i-th gate line GL(i) and the j-th source line
SLj (see FIG. 1). Also, a voltage at the pixel electrode Ep in
the pixel circuit P(i, j) (hereinafter this voltage will also be
called “pixel voltage™) will be denoted by using a symbol
“Vpix(i, j)” or “Vpix” (see FIGS. 5(G) and (H); FIGS. 6(F)
and (G)).

[0193] AsshowninFIG. 6(E), a voltage pulse as a boosting
signal BST is applied to the boosting signal line BSL for each
frame period, whereby a refreshing procedure is performed to
all of the pixel circuits P(i, j) in one entire screen. The refresh-
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ing procedure for one full screen (frame refreshing) constitute
one cycle, and as shown in FIG. 4, n cycles of refreshing
procedures are performed after the permanent display mode
writing period, in the present embodiment (n=59 in the
present embodiment). Once the n cycles of refreshing proce-
dures are complete, polarity inversion driving is performed
for inverting polarity of the voltage applied to each pixel
liquid crystal in the display section 100, i.e. of the voltage
applied to the liquid crystal capacitance Clec in each pixel
circuit P(i, j). (Details of the polarity inversion drive will be
described later.) Thereafter, the polarity inversion drive is
performed for each completion of n cycles of full screen
refreshing. A specific value of n depends on such factors as
liquid crystal deterioration severity caused by repeated appli-
cation of consistent polarity voltage; acceptable power con-
sumption; etc. In the present embodiment, n=59.

[0194] FIG. 7 through FIG. 10 are circuit diagrams for
describing operations of the pixel circuit 111 in the permanent
display mode writing period and the self-refreshing period
according to the present embodiment. In these figures, signal
lines and voltage lines are associated with numbers indicating
voltage values listed as operating conditions in FIG. 3. A
circle drawn in broken lines means that the associated tran-
sistor is in ON state whereas a cross symbol drawn in broken
lines means that the associated transistor is in OFF state.

[0195] FIG. 7 shows a case where the voltage applied to the
pixel liquid crystal (voltage applied to the liquid crystal
capacitance Clc) is a positive high voltage (5 volts); FIG. 8
shows a case where the voltage applied to the pixel liquid
crystal is a positive low voltage (0 volt); FIG. 9 shows a case
where the voltage applied to the pixel liquid crystal is a
negative low voltage (0 volt); and FIG. 10 shows a case where
the voltage applied to the pixel liquid crystal is a negative high
voltage (=5 volts). FIG. 7(A), F1G. 8(A), F1G. 9(A) and FIG.
10(A) show the writing operations in the permanent display
mode writing period (writing mode); FIG. 7(B), FIG. 8(B),
FIG. 9(B) and FIG. 10(B) show the holding operations in the
permanent display mode writing period; FIG. 7(C), FIG.
8(C), FIG. 9(C) and FIG. 10(C) show the refreshing opera-
tions in the self-refreshing period (self-refreshing mode); and
FIG. 7(D), FIG. 8(D), FIG. 9(D) and FIG. 10(D) show the
holding operations in the self-refreshing period. It should be
noted here that the liquid crystal display device according to
the present embodiment is a normally-black type, where dis-
play in black is achieved by a liquid-crystal application-volt-
age having a low voltage value (0 volt), which will be called
“L level liquid-crystal application-voltage” and display in
white is achieved by a liquid-crystal application-voltage hav-
ing a high voltage value (5 volts, =5 volts), which will be
called “H level liquid-crystal application-voltage”. Note,
however, that the present invention is not limited to normally-
black types.

[0196] Hereinafter, reference will be made to FIG. 7
through FIG. 10 to describe operations in the permanent
display mode according to the present embodiment. It should
be noted here that of all the periods in the permanent display
mode, the self-refreshing period is the period when the source
driver 300 stops at least its output buffers necessary for out-
putting data signals S(1) through S(M), and as shown in FIG.
3 and FIG. 6, the source lines SL1 through SLM are supplied
with =5 volts as a fixed voltage. The circuit for this may be
implemented as an individual component separate from the
source driver 300. For example, the circuit can be imple-
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mented using a thin-film transistor formed on the active
matrix substrate 101 integrally with the pixel circuit 111.
[0197] <1.2.1 Operations for Applying Positive High Volt-
age to Pixel Liquid Crystal>

[0198] When a pixel circuit P(i, j) applies a positive high
voltage to the pixel liquid crystal, the common voltage Vcom
(=CS) is 0 volt as shown in FIG. 7(A). When the scanning
signal G(i) is in H level (8V: Activating) and the gate line
GL(1) is in the selected state, the third transistor T3 is turned
ON to supply the positive H level liquid-crystal application-
voltage in the form ofa 5-volt data signal S(j) from the source
line SLj via the third transistor T3, to the pixel electrode Ep.
Thereafter, as the scanning signal G(i) assumes L level (-5V:
Deactivating), the pixel voltage Vpix=5V is held at the pixel
capacitance Cp as pixel data as shown in FIG. 7(B).

[0199] Inthe permanent display mode writing period, writ-
ing and holding of pixel data as described above is performed
sequentially to the pixel circuit P(,j) (=1 through M) in batch
ofthe pixel circuits belonging to one scanning signal line as a
unit; and when pixel data is written and held by the pixel
circuit P(N, j) (j=1 through M) in the N-th scanning line, the
permanent display mode writing period comes to an end.
[0200] Upon completion of the permanent display mode
writing period, the self-refreshing period is started to perform
a refreshing operation first. In the refreshing operation, all
scanning signals G(1) through G(N) assume an L level (=5V),
bringing the third transistors T3 into OFF state during the
self-refreshing period (FIGS. 7(C) and (D)). In the present
embodiment, the boosting signal lines BSL, which are
formed along respective gate lines GL(i) and then connected
with each other, are supplied with the same boosting signal
BST (FIG. 1). Specifically, the present embodiment employs
a collective refreshing method. For this operation, in the
self-refreshing period, a voltage pulse is applied to the boost-
ing signal lines BSL as shown in FIG. 6(E) as the boosting
signal BST, for each frame period (1 vertical period: 1V
period), i.e. the boosting signal BST assumes H level (5 volts)
for each frame period. The positive H level liquid-crystal
application-voltage is a 5-volt data signal, and this is written
to the pixel circuit P(i, j) as pixel data. Thus in this pixel
circuit, before the voltage pulse is applied to the boosting
signal lines BSL, the gate terminal of the first transistor T1 is
supplied with a voltage in accordance with the voltage (5V) at
the pixel electrode Ep and the second transistor T2 is in OFF
state. Therefore, application of the voltage pulse to the boost-
ing signal line BSL raises the voltage at the node N2, to turn
ON the first transistor T1 as shown in FIG. 7(C). As a result,
the reference voltage REF (=5V) as a refreshing voltage is
supplied from the reference line RFL via the first transistor
T1, to the pixel electrode Ep. Therefore, even if a leak current
has caused a voltage drop from the pixel voltage Vpix (i. j) to
below the norm voltage (5 volts) of the H level during the
period when the boosting signal BST is at the L level (FIG.
7(D)), the H level boosting signal BST causes a current flow
Iref as shown in FIG. 7(C), and brings the pixel voltage
Vpix(i, j) back to the H level norm voltage (5 volts) (FIG.
6(F)).

[0201] As described above, when a pixel circuit P(i, j) is in
the state shown in FIG. 7, i.e. when the pixel circuit P(i, j)
supplies the pixel liquid crystal with a positive high voltage or
when a 5-volt data signal is written as the pixel data, the pixel
data is refreshed since a voltage pulse as a boosting signal
BST is applied to the boosting signal line BSL for each
predetermined period (for each frame period of 16.7 ms in the
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present embodiment) as shown in FIG. 6(E). Therefore, even
if there is a leak current as described above, the pixel voltage
Vpix does not drop significantly from the H level norm volt-
age (5 volts) (FIG. 6(F)), and the voltage applied to the pixel
liquid crystal is maintained substantially at the positive H
level liquid-crystal application-voltage (5 volts).

[0202] <1.2.2 Operations for Applying Positive Low Volt-
age to Pixel Liquid Crystal>

[0203] In the step where a pixel circuit P(i, j) applies a
positive low voltage to the pixel liquid crystal, the common
voltage Veom (=CS) is 0 volt as shown in FIG. 8§(A), and a
0-volt data signal S(j) which represents the positive L level
liquid-crystal application-voltage (0 volt) is applied to the
pixel electrode Ep when the scanning signal G(i) is in H level
in the permanent display mode writing period. Thereafter, as
the scanning signal G(i) assumes L level (-5V), the third
transistor T3 turns OFF as shown in FIG. 8(B), and the volt-
age at the pixel electrode Ep, i.e. the pixel voltage Vpix=0V,
is held at the pixel capacitance Cp as pixel data. Thus, the
positive low voltage (0 volt) is applied to the pixel liquid
crystal of the pixel circuit P(j, j).

[0204] Inthe pixel circuit P(i, }) where the positive L level
liquid-crystal application-voltage or a 0-volt data signal S(i)
is written as pixel data as described above, even if the voltage
pulse is applied to the boosting signal lines BSL as the boost-
ing signal BST in the self-refreshing period, the second tran-
sistor T2 stays ON as shown in FIG. 8(C). Hence, the first
transistor T1 stays OFF during the self-refreshing period, and
so the refreshing operation as shown in FIG. 7(C) does not
take place.

[0205] However, the source line SLj keeps its voltage (S(j))
at =5 volts during the self-refreshing period (FIG. 6(B)). For
this reason, a voltage which is obtained by dividing the dif-
ference between the voltage of the reference line RFL, 1.e. the
reference voltage REF (5 volts), and the voltage of the source
line SLj, i.e. the voltage (-5 volts) of the data signal S(j), by
a resistance ratio between an off resistance of the first tran-
sistor T1 and an off resistance of the third transistor T3 (here-
inafter the voltage obtained this way will be called “off-
resistance-division voltage™)is approximately O volt, with the
first and the third transistors T1, T3 having substantially the
same off resistance. In other words, the off-resistance-divi-
sion voltage is substantially equal to a voltage (0 volt) at the
pixel electrode Ep which is connected to the connecting point
(node N1) between the first transistor T1 and the third tran-
sistor T3. Therefore, any slight change in the voltage at the
pixel electrode Ep, i.e. any slight change in the pixel voltage
Vpix, from the positive L level norm voltage (0 volt) during
the holding operation in e.g. the writing period (FIG. 8(B)),
the change is nullified in the self-refreshing period (FIGS.
8(C) and 8(D)). Also, an equivalent resistance in the pixel
liquid crystal is sufficiently smaller (smaller by two orders of
magnitude, for example) than the off resistances of the first
and the third transistors T1, T3, so leak current in the pixel
liquid crystal is negligible in the present embodiment. There-
fore, the voltage Vpix of the pixel electrode Ep changes very
little during the refreshing period (F1G. 6(G)), and the voltage
applied to the pixel liquid crystal stays substantially at 0 volt
(positive L level liquid-crystal application-voltage).

[0206] As described above, setting the voltage of each
source line SLj for the self-refreshing period to -5 volts also
makes it possible to suppress pixel voltage creep caused by
leak current. Regarding the voltage setting for each source
line SLj, a procedure from a more general perspective will be
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as follows: First, see the two kinds of voltages (0 volt and 5
volts in the present embodiment) which are applied to each
source line S[j as data signal S(j) in accordance with the still
image to be displayed in the permanent display mode writing
period,; and then take one which is different from the refresh-
ing voltage (5 volts) equal to the reference voltage REF, i.e.
take the voltage (0 volt). In other words, of the voltages which
are supplied as the data signal S(j) to the pixel electrode Ep,
call the higher voltage as a first voltage (5 volts) and the lower
voltage a second voltage (0 volt); and then take the second
voltage. Then, determine a voltage to be supplied to each
source line SLj so that a voltage obtained by dividing the
difference between the voltage (refreshing voltage) of the
reference line RFL and the voltage of the source line SLj by a
resistance ratio between the off resistance of the first transis-
tor T1 and the off resistance of the third transistor T3 (off-
resistance-division voltage) be approximately equal to the
second voltage (0 volt) during the holding operation state in
the self-refreshing period. Here is a more general description:
If the voltage to be supplied to the pixel electrode Ep takes a
plurality of values, make the off-resistance-division voltage
value substantially equal to the lowest of these plural values.
Such a voltage setting will maintain a voltage at the pixel
electrode Ep with very little creep during the self-refreshing
period when the pixel electrode Ep, which is supplied with a
plurality of voltage values, is supplied with a voltage that is
substantially equal to the off-resistance-division voltage.

[0207] As aresult of combination of the voltage setting for
each source line SIj as described above and the refreshing
operations as shown in FIG. 7(C), pixel voltage creep due to
leak current is suppressed during the self-refreshing period,
and therefore the pixel voltage Vpix stay within a predeter-
mined range around the norm voltage (0 volt or 5 volts) (FIG.
6(F) and (G)).

[0208] <1.2.3 Operations for Applying Negative Low Volt-
age to Pixel Liquid Crystal>

[0209] In the step where a pixel circuit P(j, j) applies a
negative low voltage to the pixel liquid crystal, the common
voltage Veom (=CS) is 5 volts as shown in FIG. 9(A), and a
5-volt data signal S(j) which represents the negative L level
liquid-crystal application-voltage (0 volt) is applied to the
pixel electrode Ep in the permanent display mode writing
period. Accordingly, operations of the pixel circuit P(j, j) in
the permanent display mode writing period and the self-
refreshing period are as shown in FIG. 9, being virtually the
same as of the pixel circuit P(i, j) when applying a positive
high voltage to the pixel liquid crystal as shown in FIG. 7,
except that the common voltage Vcom is 5 volts.

[0210] <1.2.4 Operations for Applying Negative High Volt-
age to Pixel Liquid Crystal>

[0211] In the step where a pixel circuit P(i, j) applies a
negative high voltage to the pixel liquid crystal, the common
voltage Vcom (=CS) is 5 volts as shown in FIG. 10(A), and a
0-volt data signal S(j) which represents the negative H level
liquid-crystal application-voltage (=5 volt) is applied to the
pixel electrode Ep in the permanent display mode writing
period. Accordingly, operations of the pixel circuit P(i, j) in
the permanent display mode writing period and the self-
refreshing period are as shown in FIG. 10, being virtually the
same as of the pixel circuit P(i, j) when applying a positive
low voltage to the pixel liquid crystal as shown in FIG. §,
except that the common voltage Vcom is 5 volts.
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[0212] <1.2.5 Operations in the Polarity Inverting Period>
[0213] In the polarity inverting period according to the
presentembodiment, essentially the same operations as in the
permanent display mode writing period (see FIG. 5, etc.) are
performed to replace the voltage of each pixel electrode so
that the new voltage has an inverted polarity of the old voltage
which has been applied to each pixel liquid crystal. The
operation mode for the polarity inverting petiod will be called
“polarity inverting mode”. In this mode, absolute value of the
voltage applied to each pixel liquid crystal is not changed
before or after the polarity inverting period but the polarity is
inversed. Meanwhile, the electronic product which incorpo-
rates the liquid crystal display device according to the present
embodiment is provided with a memory (hereinafter called
“external memory”) which stores image data (at least data for
one frame) of a still image to be displayed in the permanent
display mode. In the polarity inverting period, the liquid
crystal display device according to the present embodiment
receives this image data from the external memory, and per-
forms essentially the same operations as the permanent dis-
play mode writing operation using the source driver 300,
based on pixel data which constitute the supplied image data
while taking into account that all operations are performed
under the polarity inverting scheme. It should be noted here
that if the source driver 300 includes a memory which is
capable of storing at least one frame-full of image data, this
memory may be utilized instead of the external memory, as a
storage of the image data of the still image.

[0214] The present embodiment utilizes counter AC driv-
ing method in which voltage inversion is performed in such a
way that all voltages applied to the pixel liquid crystals have
the same polarity within the same frame. For this reason, the
common voltage Vcom and the voltage CS of the CS lines
CSL are changed when starting the polarity inverting period.
Specifically, if, for example, the common voltage Vcom
(=CS) is 0 volt as shown in FIG. 5(D) in the permanent
display mode writing period, the common voltage Vecom
(=CS) stays at 0 volt also in the self-refreshing period which
is started immediately after this permanent display mode
writing period, and then after this self-refreshing period, the
common voltage Vecom (=CS) is changed from 0 volt to 5
volts when the polarity inverting period is started. Thereafter,
at the time when the next polarity inverting period is started
following the cycles of self-refreshing periods, the common
voltage Vecom (=CS) is changed from 5 volts to 0 volt. As
understood, the common voltage Vcom (=CS) is alternated
between 0 volt and 5 volts every time the polarity inverting
period begins, during the permanent display mode.

1.3 Advantages

[0215] As described above, according to the present
embodiment, creep of the pixel voltage Vpix caused by leak
current in the pixel circuit 111 is suppressed by the refreshing
operations as shown in FIGS. 6(F) and (G), or the creep is
nullified by the supply of an off-resistance-division voltage
based on the voltage setting for the source line SLj to the pixel
electrode Ep. Thus, the pixel voltage Vpix is maintained
within a range around the norm voltage (0 volt or 5 volts in the
present embodiment) which was utilized at the time of writ-
ing, so the voltage applied to each pixel liquid crystal is also
maintained at a voltage corresponding to its norm voltage.
Therefore, it is now possible to increase the interval between
polarity inverting periods in the permanent display mode,
within a range that the increase will not cause problems from
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a perspective of liquid crystal deterioration. The present
invention thus makes it possible to perform a polarity inver-
sion drive by the source driver 300 at an interval of 16.7
msx(59+1)=1000 ms (one second) as in the present embodi-
ment while avoiding poor display quality caused by flickering
or decreased contrast. The arrangement achieves sufficient
decrease in power necessary for displaying (permanent dis-
play of) still images in the permanent display mode while
avoiding decrease in display quality. It should be noted here
that in the present embodiment, polarity inversion drive inter-
val is 1000 ms (one second) as described above, which is 60
times the refreshing operation interval (the interval for apply-
ing the voltage pulse to the boosting signal lines BST=16.7
ms). However, ten-time multiplication for example is suffi-
cient to achieve reduction in power consumption in display-
ing still images in the permanent display mode.

[0216] Also, according to the present embodiment, the only
requirement is addition of a simple self-refreshing circuit to a
conventional pixel circuit (see FIG. 2). Therefore, pixel cir-
cuit configuration is simpler than conventional ones which
rely on memories provided in the display section in order to
achieve still image display with reduced power consumption.
Ags a result, the present embodiment reduces decrease in
aperture ratio, and therefore makes it possible to eliminate
brightness drop in the displayed image, and keep high quality
display in the normal display mode (e.g. for movie display).

1.4 Variations of First Embodiment

[0217] In the above embodiment, the boosting signal lines
BSL which are formed along respective gate lines GL(1)
through GL(N) in the active mattix substrate 101 are con-
nected with each other, and then with the display control
circuit 200. Alternatively however, as shown in FIG. 11, the
boosting signal lines BSL(1) through BSL(N) may be pro-
vided as N, individual control signal lines each formed along
one of the gate lines GL(1) through GL(N), and these boost-
ing signal lines BSL(1) through BSL(N) may be controlled
individually by a gate driver 412 without connecting the lines
with each other. In this case, the gate driver 412 functions as
a scanning signal line driving circuit as well as a boost driving
circuit, and generates boosting signals BS(1) through BS(N)
for application to the respective boosting signal lines BSL(1)
through BSL(N), as sequential activation signals. In this case,
one cycle of sequential application of the active boosting
signals BS(1) through BS(N) to the boosting signal lines
BSL(1) through BSL(N) represents refreshing of one screen
(frame refreshing). Such a sequential refreshing by individu-
ally driving the boosting signal lines BSL(1) through BSL(N)
decreases peak current in comparison to cases of collective
refreshing by driving one, commonly-connected bundle of
boosting signal lines BSL.

[0218] According to the embodiment, CS lines CSL which
are formed along the respective gate lines GL(1) through
GL(N) in the active matrix substrate 101 are connected to
each other, and then connected also to the common electrode
Ec. The CS lines CSL and the common electrode Ec are
supplied with a common voltage Vecom (FIG. 1). Alterna-
tively, however, CS lines CS(1) through CS(N) may be pro-
vided as N, individual lines each formed along one of the gate
lines GL(1) through GL(N), so that these CS lines CS(1)
through CS(N) can be driven individually from each other and
separately from the common electrode Ec. The arrangement
as the above allows a region of the panel, for example, to
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display movies in the normal display mode in the embodi-
ment. In other words, partial driving for movie display
becomes possible.

[0219] Inthe embodiment, as shown in FIG. 1 and F1G. 11,
boosting signal lines BSL or BSL(i) are formed along respec-
tive gate lines GL(i). One boosting signal line BSL or BSL(i)
which corresponds to one gate line GL(i) is formed as a
continuous wire, and can be understood as being shared by all
pixel circuits P(i, j) G=1 through M) in one display line which
are connected to this particular gate line GL(i). Also, in the
example shown in FIG. 1, the boosting signal lines BSL each
formed along one of the gate lines GL(1) through GL(N) are
connected with each other, and can be understood as being
shared by all the pixel circuits P(i, j) (i=1 through N, j=1
through M). However, the boosting signal lines BSL or BSL
(i) are not limited to the above-described configuration. For
example, each boosting signal line BSL corresponding to one
of the gate line GL(i) may be divided into two portions (into
left and right portions). Further, for example, there may be an
arrangement that those boosting signal lines BSL which run
along odd-numbered gate lines GL(1), GL(3), . . . are con-
nected with each other on one side (on the left side for
example) of the active matrix substrate 101 whereas those
boosting signal lines BSL which run along even-numbered
gate lines GL(2), GL(4), . . . are connected with each other on
the other side (on the right side for example) of the active
matrix substrate 101. Variations in the configuration of boost-
ing signal lines BSL or BSL(i) have been described but simi-
lar variations are also possible to the reference lines RFL.

[0220] If the lastly-described variation (division into left
and right portions) is used to configure boosting signal lines
BSL or BSL(i) and reference lines RFL, simultaneous display
of movies in the normal display mode and of still images in
the permanent display mode (partial driving for movie dis-
play) in the embodiment becomes easy, which leads to
reduced power consumption in image display including mov-
ies.

[0221] In the embodiment, the reference voltage REF as a
refreshing voltage supplied from the reference line RFL to the
pixel electrode Ep via the first transistor T1 in the self-refresh-
ing period is equal to the voltage of the data signal S(j) (5-volt
norm voltage) that was supplied to pixel electrode Ep via the
source line SLj in the previous permanent display mode writ-
ing period or polarity inverting period. Preferably, however, a
lower voltage than that of the data signal S(j) is set for the
reference voltage REF (refreshing voltage). A reason for this
is that the common voltage Vcom receives a correction based
on what is called pull-in voltage, and the same correction
should be made to the voltage (refreshing voltage) of the
reference line RFL which works as a video voltage supply
line. Specifically, it is preferable that a pull-in voltage caused
by parasite capacitance between the gate and drain in the third
transistor T3 should be taken into account, and the reference
voltage REF (refreshing voltage) should be set to a voltage
which is lower than the voltage of the data signal S(j) by that
pull-in voltage. Additionally, in cases where the voltage of
data signal S(j) to be supplied to the pixel electrode Ep in a
normally-black type liquid crystal display device is set to a
higher voltage than necessary for making white display
because of a characteristic which governs a relationship
between liquid-crystal application-voltage and brightness,
(i-e. in cases of overdrive configuration), the reference volt-
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age REF (refreshing voltage) may be set to a lower voltage
which is capable of making white-color display.

2. Other Embodiments

[0222] As described earlier, the first embodiment makes
use of counter AC driving method. However, the present
invention is not limited to this. An example of other driving
methods which may be employed is to fix the potential at the
common electrode Ec while changing the potential in the CS
lines CSL so that the potential difference between the pixel
electrode Ep and the common electrode Ec will be increased
after the voltage of the data signal S(j) has been supplied to the
pixel electrode.

[0223] In the first embodiment, polarity inversion of the
voltage applied to the liquid crystal is performed by line
inversion method in the normal display mode, and by frame
inversion method in the permanent display mode as already
described. However, the present invention is not limited to
such a configuration as this. For example, line inversion
method may be used in both of the normal display mode and
the permanent display mode, or frame inversion driving
method may be used in both of the normal display mode and
the permanent display mode.

[0224] In the first embodiment, each pixel circuit 111 can
only make two kinds of display, in black (OFF state) or in
white (ON state). However, gradation display based on area
coverage modulation is also possible by using two or a greater
predetermined number of adjacent pixel circuits P(i, j) as a
display unit.

[0225] Inthe first embodiment, a boosting capacitance ele-
ment Cbst is provided for each pixel circuit 111 for refreshing
operation in the pixel circuit 111. Alternatively, however, a
boosting capacitance element Cbst may be provided for two
or a greater predetermined number of pixel circuits 111. For
example, in a color display configuration where three pixel
cireuits P(i, j), P(i, j+1), P(i, j+2) constitute a display unit for
R (red), G (green) and B (blue) pixels respectively, if perma-
nent display mode only requires two-tone, black-and-white
images to be displayed, the three pixel circuits P(i, j), P(j,
J+1). P@i, j+2) may share one boosting capacitance element
Cbst as shown in FIG. 12. Such a configuration as described
has a better aperture ratio than the first embodiment, making
it possible to reduce decrease in brightness caused by the
added self-refreshing function.

[0226] In the first embodiment, every pixel circuit 111
formed in the active matrix substrate 101 has an arrangement
for self-refreshing function (self-refreshing circuit 1115).
However, for those liquid crystal display devices such as one
disclosed in Patent Literature 1 (JP-A 2007-334224 Gazette)
where the display device has two kinds of pixel sections
called a transparent pixel section and a reflective pixel section
and the reflective pixel section is utilized for making display
in the permanent display mode, the arrangement for self-
refreshing function may only be provided for the reflective
pixel section.

[0227] In the first embodiment, the pixel circuit 111 is
constituted by using N-channel type thin-film transistors as
shown in FIG. 2. However, instead of using N-channel type
thin-film transistors, P-channel type thin-film transistors may
be utilized. Such a liquid crystal display device using the
configuration mentioned above can drive their pixel circuits
in the same manner and provide the same advantages as the
first embodiment, by performing polarity inversion to the
power voltage and to the voltages listed earlier as operating
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conditions. Further, the present invention does not limit the
transistors T1 through T3 in the pixel circuit 111 to the thin-
film transistors as mentioned above. Other active elements
than thin-film transistors may be used as constituent elements
of the pixel circuit 111.

[0228] Inthe liquid crystal display device according to the
first embodiment, the pixel capacitance Cp for holding the
pixel data in the pixel circuit 111 is constituted by the liquid
crystal capacitance Clc and the auxiliary capacitance Cs.
However, there may be different configurations such as
shown in FIG. 13, where the pixel capacitance Cp consists
only of a liquid crystal capacitance Clc (i.e. a configuration
which does not include an auxiliary capacitance Cs). Specifi-
cally, the capacitance for holding pixel data may be consti-
tuted by the pixel electrode Ep and the common electrode
(counter electrode) Ec opposed thereto via liquid crystal
layer. The present invention is also applicable to such a con-
figuration as shown in FIG. 14, where an analog amplifier
Amp is incorporated in the pixel circuit, and a voltage which
is held as pixel data in an auxiliary capacitance (holding
capacitance) Cs is supplied via the analog amplifier Amp, to
the pixel electrode Ep which constitutes the liquid crystal
capacitance Clc. In this case, the pixel capacitance Cp for
holding the pixel data consists only of the auxiliary capaci-
tance (holding capacitance) Cs.

[0229] Although the first embodiment was described as a
liquid crystal display device, the present invention is not
limited to this. The present invention is applicable to any
display device as far as it has a capacitance which serves as
the pixel capacitance Cp for holding pixel data, and display of
image is based on a voltage held in this capacitance. For
example, the present invention is applicable also to organic
EL (Electroluminescenece) display devices in which image
display is based on holding a voltage which represents pixel
data in a capacitance serving as a pixel capacitance. FIG. 15
is a circuit diagram showing an example of pixel circuit in
such an organic EL display device. In this pixel circuit, a
voltage held by a holding capacitance Cs as pixel data is
supplied to a gate terminal of a driving thin-film transistor
Tdv, and a current in accordance with this voltage flows from
a power source line VL, via a driving thin-film transistor Tdv,
to a light-emitting element OLED. Therefore, the holding
capacitance Cs is the equivalent to the pixel capacitance Cp in
the first embodiment. It should be noted here that in the pixel
circuits shown in FIG. 13, FIG. 14 and FIG. 15, components
which are identical with or equivalent to those of the pixel
circuit 111 (FIG. 2) in the first embodiment are indicated by
the same reference symbols. Each of these pixel circuits has a
self-refreshing circuit including the first and the second tran-
sistors T1, T2 and the boosting capacitance element Cbst.

INDUSTRIAL APPLICABILITY

[0230] The present invention is applicable to display
devices and their pixel circuits, and particularly advanta-
geously to liquid crystal display devices and their pixel cir-
cuits which are suitably used for portable information termi-
nals such as mobile phones.

LEGEND
[0231] 100 Display section
[0232] 101 Active matrix substrate
[0233] 102 Counter substrate
[0234] 111 Pixel circuit
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[0235] 111a Main circuit

[0236] 1115 Self-refreshing circuit

[0237] 200 Display control circuit

[0238] 300 Source driver (data signal line driving circuit)

[0239] 410 Gate driver (scanning signal line driving circuit)

[0240] 412 Gatedriver (scanning signal line driving circuit,
boost driving circuit)

[0241] 600 Common electrode driving circuit

[0242] GL(i) Gate line (i=1 through N) (scanning signal
line)

[0243] CSL CS lines (third wiring)

[0244] VL Power source lines (third wiring)

[0245] BSL Boosting signal lines (second wiring)

[0246] BSL(i) Boosting signal lines (i=1 through N) (sec-
ond wiring)

[0247] RFL Reference lines (first wiring)

[0248] SL;j Source line (j=1 through M) (data signal line)

[0249] P(i, j) Pixel circuit (i=1 through N, j=1 through M)

[0250] Ep Pixel electrode

[0251] Ec Common electrode (counter electrode)

[0252] Clc Liquid crystal capacitance

[0253] Cs Auxiliary capacitance (auxiliary capacitance ele-
ment)

[0254] Cbst Boosting capacitance element

[0255] T1 First transistor (first active element)

[0256] T2 Second transistor (second active element)

[0257] T3 Third transistor (third active element)

[0258] Vcom Common voltage

[0259] Vpix Pixel voltage

[0260] G(i) Scanning signal (i=1 through N)

[0261] CS CS line voltage (CS signal)

[0262] BST Boosting signal

[0263] BS(i) Boosting signal (i=1 through N)

[0264] S(j) Data signal (j=1 through M)

[0265] REF Reference voltage

1. A pixel circuit for formation of a pixel for an image to be
displayed in a display device, comprising:

a first and a second active elements; and

a predetermined electrode for formation of a capacitance

for holding pixel data;

the predetermined electrode being connected to a predeter-

mined first wiring via the first active element and to a
control terminal ofthe first active element via the second
active element,

the control terminal of the first active element having a

capacitance coupling with a predetermined second wir-
mg,

the second active element having a control terminal con-

nected to the first wiring.

2. The pixel circuit according to claim 1, further compris-
ing a third active element, wherein

the display device includes a plurality of data signal lines

and a plurality of scanning signal lines crossing the data
signal lines,

the predetermined electrode being connected to one of the

data signal lines via the third active element,

the third active element having a control terminal being

connected to one of the scanning signal lines.

3. The pixel circuit according to claim 1, wherein the
predetermined electrode has a capacitance coupling with a
predetermined third wiring.

4. A display device comprising:

the pixel circuit according to claim 1 provided for each

pixel for an image to be displayed; and
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a plurality of data signal lines;

wherein the pixel circuit is connected to one of the data
signal lines,

the predetermined electrodes in the pixel circuits being
arranged in a matrix pattern.

5. A display device comprising:

the pixel circuit according to claim 1 provided for each

pixel for an image to be displayed; and

a plurality of data signal lines; wherein

the pixel circuit is connected to one of the data signal
lines,

at least one of the first and the second wirings being
shared by a plurality of the pixel circuits.

6. An active matrix display device comprising:

the pixel circuit according to claim 1 provided for each

pixel for an image to be displayed,;

a plurality of data signal lines; and

a plurality of scanning signal lines crossing the data signal

lines, wherein

the pixel circuit is connected to one of the scanning signal

lines and to one of the data signal lines,

the pixel circuit further including a third active element

having a control terminal connected to the scanning
signal line,

the predetermined electrode in the pixel circuit being con-

nected to the data signal line via the third active element.

7. The active matrix display device according to claim 4,

further comprising a plurality of scanning signal lines

crossing the data signal lines, wherein

the pixel circuit is connected to one of the scanning signal

lines and to one of the data signal lines,

the pixel circuit further including a third active element

having a control terminal connected to the scanning
signal line,

the predetermined electrode in the pixel circuit being con-

nected to the data signal line via the third active element.

8. The display device according to claim 6, wherein at least
one of the first and the second wirings is shared by a plurality
of the pixel circuits which are connected to a same scanning
signal line.

9. The display device according to claim 4, wherein at least
one of the first and the second wirings is shared by all of the
pixel circuits.

10. The display device according to claim 6, wherein at
least one of the first and the second wirings is shared by all of
the pixel circuits.

11. A display device comprising:

the pixel circuit according to claim 1 provided for each

pixel for an image to be displayed; and

a plurality of data signal lines;

wherein the display device has a first operation mode for a

voltage supply from the first wiring to the predetermined
electrode,

wherein the pixel circuit is connected to one of the data

signal lines, and

wherein a predetermined voltage pulse is applied to the

second wiring whereby the first active element makes
the voltage supply based on a voltage value of the pre-
determined electrode, in the first operation mode.

12. The display device according to claim 4, having a first
operation mode for a voltage supply from the first wiring to
the predetermined electrode,

wherein a predetermined voltage pulse is applied to the

second wiring, whereby the first active element makes
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the voltage supply based on a voltage value of the pre-
determined electrode, in the first operation mode.

13. The display device according to claim 6, having a first
operation mode for a voltage supply from the first wiring to
the predetermined electrode,

wherein a predetermined voltage pulse is applied to the
second wiring, whereby the first active element makes
the voltage supply based on a voltage value of the pre-
determined electrode, in the first operation mode.

14. The display device according to claim 11, wherein in

the first operation mode:

a predetermined voltage pulse is applied to the second
wiring, whereby the first active element is turned on or
off depending on a voltage value of the predetermined
electrode, and

the predetermined electrode is supplied with a voltage of
the first wiring via the first active element when the first
active element is turned on.

15. The display device according to claim 11, wherein the
voltage pulse is applied to all of the second wirings simulta-
neously whereby the first active element makes the voltage
supply based on a voltage value of the predetermined elec-
trode, in the first operation mode.

16. The display device according to claim 13,

wherein the second wiring is provided for each scanning
signal line, and

wherein application of the voltage pulse to the second
wiring is performed selectively in batch per scanning
signal line, whereby the first active element makes the
voltage supply based on a voltage value of the predeter-
mined electrode, in the first operation mode.

17. The display device according to claim 11, wherein the
voltage of the second wiring when the voltage pulse applica-
tion is not performed is lower than when the voltage pulse
application is performed if the first active element is provided
by an N-channel transistor, whereas

the voltage of the second wiring when the voltage pulse
application is not performed is higher than when the
voltage pulse application is performed if the first active
element is provided by a P-channel transistor.

18. The display device according to claim 17, wherein
voltage settings for the first wiring, and for the second wiring
including settings for the voltage pulse are so made that the
first active element is turned on upon presence of the voltage
pulse applied to the second wiring while the first active ele-
ment is turned off upon absence of the voltage pulse applied
to the second wiring if the predetermined electrode is sup-
plied with a voltage which lies within a predetermined range
set around a reference voltage given by the first wiring, and
that the first active element is turned off regardless of the
voltage pulse application to the second wiring if the prede-
termined electrode is supplied with a voltage which lies out of
said predetermined range but lies within a different predeter-
mined range.

19. The display device according to claim 6, having a first
operation mode for a voltage supply from the first wiring to
the predetermined electrode,

wherein in the first operation mode:

a deactivation signal is supplied to the scanning signal line
connected to the control terminal of the third active
element, whereby the third active element is turned off,

the data signal lines having a predetermined fixed voltage.

20. The display device according to claim 19, wherein the
predetermined electrode is supplied with a voltage which is
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given by a proportional division of a difference between a
voltage of the first wiring and said predetermined voltage by
an off resistance of the first active element and an off resis-
tance of the third active element if the first active element is in
an off state, in the first operation mode.

21. The display device according to claim 20, wherein said
predetermined voltage is set to a voltage value which satisfies
a condition that a voltage value given by a proportional divi-
sion of a difference between a voltage of the first wiring and
said predetermined voltage by an off resistance of the first
active element and an off resistance of the third active element
is approximately equal to the lowest of the voltages to be
supplied to the predetermined electrode in order for the
capacitance to hold pixel data.

22. The display device according to claim 21, wherein said
predetermined voltage is set to a voltage value which satisfies
a condition that a voltage value given by a proportional divi-
sion of a difference between a voltage of the first wiring and
said predetermined voltage by an off resistance of the first
active element and an off resistance of the third active element
is approximately equal to zero.

23. The display device according to claim 6, having a
second operation mode for supplying the predetermined elec-
trode with data signal which indicates a pixel to be formed by
the pixel circuit,

wherein in the second operation mode:

an activation signal is supplied to the scanning signal line

connected to the control terminal of the third active
element, whereby the third active element is turned on,
and

the predetermined electrode is supplied with the data signal
via the data signal line and the third active element when
the third active element is in an on state.

24. The display device according to claim 23, wherein the
first wiring is supplied with a voltage for turning on the
second active element regardless of a voltage supplied to the
predetermined electrode, in the second operation mode.

25. The display device according to claim 23, wherein the
first wiring is supplied with a voltage for turning off the
second active element regardless of a voltage supplied to the
predetermined electrode, in the second operation mode.

26. The display device according to claim 6, having a third
operation mode for replacing the voltage of the predeter-
mined electrode so that polarity of the voltage applied to the
capacitance for holding the pixel data is inverted,

wherein the scanning signal lines are driven so that the
polarity is inverted and the predetermined electrodes are
supplied with voltages of the inverted polarity via the
data signal lines, in the third operation mode.

27. The display device according to claim 26, wherein the
predetermined electrodes are supplied with the voltages of the
inverted polarity via the data signal lines so that the voltages
have a same polarity within a given frame, in the third opera-
tion mode.

28. The display device according to claim 26, having a first
operation mode for a voltage supply from the first wiring to
the predetermined electrode,

wherein a predetermined voltage pulse is applied to the

second wiring, whereby the first active element makes
the voltage supply based on a voltage value of the pre-
determined electrode, in the first operation mode, and
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wherein a time interval for the polarity inversion in the
third operation mode is longer than ten times of a time
interval for the voltage pulse application in the first
operation mode.

29. The display device according to claim 26, wherein the
predetermined electrodes are supplied with pixel data stored
in a predetermined memory as a representation of at least one
frame-full of image data, as voltages of the inverted polarity
via the data signal lines and the third active elements, in the
third operation mode.

30. A display device comprising:

the pixel circuit according to claim 1 provided for each

pixel for an image to be displayed;

a plurality of scanning signal lines;

a plurality of data signal lines crossing the scanning signal

lines; and

a third wiring;

the pixel circuit being connected to one of the scanning

signal lines and to one of the data signal lines,

the third wiring having a capacitance coupling with the

predetermined electrodes in all of the pixel circuits.

31. The display device according to claim 6, further com-
prising a third wiring
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the third wiring having a capacitance coupling with the

predetermined electrodes in all of the pixel circuits.

32. A display device comprising:

the pixel circuit according to claim 1 provided for each

pixel for an image to be displayed,

a plurality of scanning signal lines;

a plurality of data signal lines crossing the scanning
signal lines; and

a third wiring provided for each of the scanning signal
lines;

the pixel circuit being connected to one of the scanning
signal lines and to one of the data signal lines,

each third wiring having a capacitance coupling with
each predetermined electrode in those pixel circuits
connected to the scanning signal line which corre-
sponds to said third wiring.

33. The display device according to claim 6 further com-
prising a third wiring provided for each of the scanning signal
line,

each third wiring having a capacitance coupling with each

predetermined electrode in those pixel circuits con-
nected to the scanning signal line which corresponds to
said third wiring.
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