US 20120212521A1

12y Patent Application Publication (o) Pub. No.: US 2012/0212521 A1

a9 United States

Yamauchi et al.

(43) Pub. Date: Aug. 23, 2012

(54) PIXEL CIRCUIT AND DISPLAY APPARATUS

(75) Inventors: Yoshimitsu Yamauchi, Osaka (JP);
Naoki Ueda, Osaka (JP); Fumiki

Nakano, Osaka (JP)

(73) Assignee: SHARP KABUSHIKI KAISHA,

Publication Classification

(51) Int.ClL

G09G 3/36 (2006.01)

G09G 5/02 (2006.01)

G09G 5/00 (2006.01)
(52) US.CL ... 345/690; 345/92; 345/212; 345/88
(57) ABSTRACT

Osaka (IP) Disclosed is a display device that can achieve a reduction of
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A liquid crystal capacitance element (Clc) is formed by being
(21) Appl. No.: 13/504,609 sandwiched between a pixel electrode (20) and an opposite
electrode (80). The pixel electrode (20), one end of a first
. switching circuit (22), one end of a second switching circuit
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internal node (N1). The other end of the first switching circuit
) (22) and the other end of the second switching circuit (23) are
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(23) includes a series circuit of a transistor (T1) and a diode
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PIXEL CIRCUIT AND DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a pixel circuit and a
display device equipped with the same, and more particularly
to an active matrix type display device.

BACKGROUND ART

[0002] Generally, portable devices such as mobile phones
and portable gaming devices employ liquid crystal display
devices as display units thereof. Because mobile phones and
the like are battery-powered, and low power consumption is
strongly demanded, information that needs to be displayed
constantly such as a time clock or a battery level is displayed
on a reflective sub-panel. In recent years, there has been a
demand for performing both a normal display with a full-
color display and a reflective constant display in a single main
panel.

[0003] FIG. 35 shows an equivalent circuit of a pixel circuit
of a typical active matrix type liquid crystal display device.
FIG. 36 shows a circuit arrangement example of an active
matrix type liquid crystal display device with mxn pixels.
Both m and n are integers of 2 or greater.

[0004] As shown in FIG. 36, switching elements made of
thin film transistors (TFTs) are provided at respective inter-
sections of “m” number of source lines SL.1, SL.2, ..., SLm
and “n” number of scanning lines GL.1, GL2, ..., GLn. In
FIG. 35, the respective source lines SL1,SL2, ..., SLm are
represented by source lines SL. Similarly, the respective scan-
ning lines GL1, GL2, . . ., GLn are represented by scanning
lines GL.

[0005] As shown in FIG. 35, a liquid crystal capacitance
element Clc and an auxiliary capacitance element Cs are
connected in parallel through a TFT. The liquid crystal
capacitance element Clc is made of a laminated structure that
includes a pixel electrode 20, an opposite electrode 80, and a
liquid crystal layer sandwiched therebetween. The opposite
electrode is also referred to as a common electrode.

[0006] In FIG. 36, only TFTs and pixel electrodes (black
rectangular portions) are illustrated in the respective pixel
circuits for simplification.

[0007] The auxiliary capacitance Cs has one end (one elec-
trode) connected to the pixel electrode 20, and the other end
(the other electrode) connected to an auxiliary capacitance
line CSL so as to stabilize a pixel data voltage maintained in
the pixel electrode 20. The auxiliary capacitance Cs is pro-
vided so as to suppress a change in electrical capacitance of
the liquid crystal capacitance element Clc between a black
display and a white display, which occurs due to a leakage
current of the TFT and dielectric constant anisotropy of liquid
crystal molecules. It can also prevent the pixel data voltage
held by the pixel electrode from changing due to a voltage
change and the like caused by a parasitic capacitance between
the pixel electrode and neighboring wiring lines. By sequen-
tially controlling a voltage applied to the scanning lines, TFT's
connected to a particular scanning line are turned on, and for
every scanning line, voltages that correspond to pixel data are
supplied to the respective source lines, and are written in the
corresponding pixel electrodes.

[0008] In the normal display mode with full-color display,
even when adisplayed image is a still image, the same display
content is repeatedly written in the same pixel in every frame.
By refreshing the voltage of the pixel data held by the pixel

Aug. 23,2012

electrode in this way, the change in pixel data voltage is
minimized, thereby ensuring a high-quality display of a still
image.

[0009] The power consumption for driving a liquid crystal
display device is mostly accounted for by the power used by
a source driver to drive source lines, and is substantially
represented by a relational expression shown in Formula 1
below. In Formula 1, P is power consumption, “f” is a refresh
rate (the number of refresh operations for one frame executed
per unit time), C is a load capacitance driven by the source
driver, V is a driving voltage of the source driver, “n” is the
number of the scanning lines, and “m” is the number of the
source lines, respectively. The refresh operation refers to an
operation of applying voltages to pixel electrodes through
source lines while maintaining display content.

Pocf-CVZn'm

[0010] On the other hand, in the constant display, because
the display content is a still image, the pixel data voltage does
not necessarily have to be refreshed for every single frame.
Therefore, in order to further reduce the power consumption
of the liquid crystal display device, the refresh frequency
could be reduced in the constant display. However, when the
refresh frequency is reduced, the pixel data voltage held by
the pixel electrode is changed due to the leakage current of the
TFT. This voltage change causes the display brightness (lig-
uid crystal transmittance) of each pixel to change, which is
observed as flickering. Also, because the average potential in
each frame period is lowered, degradation of the display
quality such as an insufficient contrast may occur.

[0011] As a technique to solve the problem of the display
quality degradation caused by the reduced refresh frequency
in the constant display of still images, such as the battery
level, the clock display, and the like, and to reduce the power
consumption at the same time, a configuration described in
Patent Document 1 below has been disclosed, for example.
The configuration disclosed in Patent Document 1 is capable
of performing both a transmissive liquid crystal display and a
reflective liquid crystal display. Further, pixel circuits in a
pixel region that can perform the reflective liquid crystal
display are provided with memory units, respectively. This
memory unit stores a voltage signal indicative of information
to be displayed in the reflective liquid crystal display section.
When the reflective liquid crystal display is performed, the
pixel circuit draws the voltage stored in the memory unit,
thereby displaying information corresponding to the voltage.
[0012] In Patent Document 1, the memory unit is SRAM
that allows the voltage signal to be stored statically. This
eliminates the need for the refresh operation, and therefore,
maintenance of display quality and reduction in power con-
sumption can be achieved at the same time.

Formula 1

RELATED ART DOCUMENTS
Patent Documents

[0013] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2007-334224

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0014] However, when the above-mentioned configuration
is employed in the liquid crystal display device that is used for
mobile phones or the like, the memory unit for storing pixel
data needs to be provided for each pixel or each pixel group,
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in addition to the auxiliary capacitance element for holding a
voltage of each pixel data as analog information in the normal
operation. This increases the number of elements and the
number of signal lines formed in an array substrate (active
matrix substrate) that constitutes a display section in the
liquid crystal display device, thereby lowering the aperture
ratio in the transmissive mode. If polarity reversal driver
circuits are provided together with the memory units so as to
perform AC-driving of the liquid crystals, the aperture ratio is
further reduced. As described, when the aperture ratio is
reduced by the increase in the number of elements and the
number of signal lines, the brightness of a display image in
the normal display mode is lowered.

[0015] The above-mentioned constant display mode is con-
figured to display in two gradation levels only, but there also
exists a need for a constant display mode that is capable of
multi-color display. However, if the conventional configura-
tion is employed to achieve such a display mode, the required
number of memory units is inevitably increased, causing the
number of elements and the number of signal lines to be
further increased.

[0016] The present invention was made in view of the
above-mentioned problems, and an object of the present
invention is to provide a pixel circuit and a display device that
use less power and that can prevent deterioration of liquid
crystals and degradation of display quality without reducing
the aperture ratio, and more particularly, to enable the refresh
operation even in the display mode that is capable of multi-
color display without increasing the number of elements and
the number of signals.

Means for Solving the Problems

[0017] In order to achieve the above-mentioned objects, a
pixel circuit according to the present invention includes: a
display element unit that includes a unit display element; an
internal node constituting a part of the display element unit,
the internal node holding a pixel data voltage applied to the
display element unit; a first switching circuit that transfers the
pixel data voltage supplied by a data signal line to the internal
node through at least a prescribed switching element; a sec-
ond switching circuit that transfers the pixel data voltage
supplied by the data signal line to the internal node without
passing through the prescribed switching element; and a con-
trol circuit that holds, at one end of a first capacitance ele-
ment, a prescribed voltage corresponding to the pixel data
voltage held by the internal node, the control circuit control-
ling a conducting and non-conducting state of the second
switching circuit, wherein the second switching circuit
includes a series circuit of a first transistor element and a
diode element, the first transistor element having a first ter-
minal, a second terminal, and a control terminal that controls
electrical continuity between the first and second terminals,
wherein the control circuit includes a series circuit of a second
transistor element and the first capacitance element, the sec-
ond transistor element having a first terminal, a second ter-
minal, and a control terminal that controls electrical continu-
ity between the first and second terminals, wherein respective
one ends of the first and second switching circuits are con-
nected to the data signal line, wherein respective other ends of
the first and second switching circuits and the first terminal of
the second transistor element are connected to the internal
node, wherein the diode element serves as a rectifier in a
direction from the data signal line to the internal node,
wherein the control terminal of the first transistor element, the
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second terminal of the second transistor element, and the one
end of the first capacitance element are connected to each
other, forming an output node of the control circuit, wherein
the control terminal of the second transistor element is con-
nected to a first control line, and wherein another end of the
first capacitance element is connected to a second control
line.

[0018] The prescribed switching element is a third transis-
tor element that has a first terminal, a second terminal, and a
control terminal that controls electrical continuity between
the first and second terminals, and wherein the control termi-
nal of the third transistor element is connected to a scanning
signal line.

[0019] The second switching circuit may also include a
series circuit of the first transistor element, the diode element,
and a fourth transistor element that has a first terminal, a
second terminal, and a control terminal that controls electrical
continuity between the first and second terminals, and the
control terminal may be connected to a second control line.
Alternatively, the control terminal may be connected to a third
control line that is different from the second control line.

[0020] In the above-mentioned configuration, the first
switching circuit may also include a series circuit of the fourth
transistor element in the second switching circuit and the
prescribed switching element. Alternatively, it may include a
series circuit of a fifth transistor element having a control
terminal thereof connected to the control terminal of the
fourth transistor element in the second switching circuit, and
the prescribed switching element.

[0021] In addition to the respective configurations above,
the pixel circuit according to the present invention further
includes a second capacitance element having one end con-
nected to the internal node, and the other end connected to a
fourth control line or a prescribed fixed voltage line.

[0022] A display device according to the present invention
includes a pixel circuit array in which a plurality of pixel
circuits described above are arranged in a row direction and a
column direction, respectively, wherein the data signal line is
provided in each column, wherein the pixel circuits arranged
in a same column have respective one ends of the first switch-
ing circuits thereof connected to the same data signal line,
wherein the pixel circuits arranged in a same row or in a same
column have the respective control terminals of the second
transistor elements thereof connected to the same first control
line, wherein the pixel circuits arranged in the same row or in
the same column have the respective other ends of the first
capacitance elements connected to the same second control
line, and wherein the display device further comprises a data
signal line driver circuit for driving the data signal lines
individually, and a control line driver circuit for driving the
first and second control lines individually.

[0023] In addition to the above-mentioned features, the
display device according to the present invention has a con-
figuration where the prescribed switching element is the third
transistor element that has a first terminal, a second terminal,
and a control terminal that controls electrical continuity
between the first and second terminals, and the control termi-
nal thereof is connected to the scanning signal line, wherein
the scanning signal line is arranged in each row, wherein the
pixel circuits arranged in the same row are connected to the
same scanning signal line, and wherein the display device
further comprises a scanning signal line driver circuit for
driving each scanning signal line individually.
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[0024] When the second switching circuit includes a series
circuit of the first transistor element, the diode element, and
the fourth transistor element that has a first terminal, a second
terminal, and a control terminal that controls electrical con-
tinuity between the first and second terminals, in the pixel
circuits arranged in the same row or the same column, the
control terminals of the fourth transistor elements may be
connected to the same second control line. Alternatively, the
control terminals of the fourth transistor elements may be
connected to the same third control line. In this case, the third
control line is controlled by the control line driver circuit.
[0025] Further, in the above-mentioned configuration, the
first switching circuit may also include a series circuit of the
fourth transistor element in the second switching circuit and
the third transistor element. Alternatively, it may include a
series circuit of the fifth transistor element having the control
terminal thereof connected to the control terminal of the
fourth transistor element in the second switching circuit, and
the third transistor element.

[0026] In addition to the above-mentioned features, in the
display device according to the present invention, when a
writing operation to write the pixel data in the respective pixel
circuits arranged in one selected row is performed, the scan-
ning signal line driver circuit applies a prescribed selected
row voltage to the scanning signal line of the selected row so
as to turn on the third transistor elements arranged in the
selected row, and applies a prescribed non-selected row volt-
age to the scanning signal lines of non-selected rows so as to
turn off the third transistor elements arranged in the non-
selected rows, and the data signal line driver circuit applies, to
the respective data signal lines, data voltages corresponding
to the pixel data that are to be written in the pixel circuits in the
respective columns of the selected row, respectively.

[0027] It is preferable that, in the writing operation, the
control line driver circuit applies a prescribed voltage that
turns on the second transistor element to the first control line.
[0028] Inthe display device according to the present inven-
tion, when a writing operation for writing the pixel data in the
respective pixel circuits arranged in one selected row is per-
formed, the scanning signal line driver circuit applies a pre-
scribed selected row voltage to the scanning signal line of the
selected row so as to turn on the third transistor elements
arranged in the selected row, and applies a prescribed non-
selected row voltage to the scanning signal lines of non-
selected rows so as to turn off the third transistor elements
arranged in the non-selected rows, the control line driver
circuit applies, to the second control line of the selected row,
a prescribed select voltage that turns on the fourth transistor
element, and applies, to the second control line of the non-
selected rows, a prescribed non-select voltage that turns off
the fourth transistor element, and the data signal line driver
circuit applies, to the respective data signal lines, data volt-
ages that correspond to the pixel data that are to be written in
the pixel circuits in the respective columns of the selected
row, respectively.

[0029] When the pixel circuit has a configuration where the
control terminal of the fourth transistor element is connected
to the third control line, the control line driver circuit may
apply the select voltage to the third control line of the selected
row, and apply the non-select voltage to the third control lines
of the non-selected rows.

[0030] Inthe display device according to the present inven-
tion, the internal node of each pixel circuit in the pixel circuit
array is configured to be capable of holding one voltage state
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among a plurality of voltage states that are mutually different
to achieve a multi-gradation display. In a self-refresh opera-
tion that activates the second switching circuits and the con-
trol circuits in a plurality of pixel circuits so as to simulta-
neously compensate voltage changes in the internal nodes
thereof, the display device performs a refresh operation for
the pixel circuits that have the internal node in a voltage state
of a target gradation level as follows: the scanning signal line
driver circuit applies a prescribed voltage to the scanning
signal lines connected to all of the pixel circuits in the pixel
circuit array so as to turn the third transistor elements off; the
data signal line driver circuit applies a refresh input voltage to
the data signal lines, the refresh input voltage being a sum of
a refresh target voltage and a prescribed first adjusting volt-
age, the refresh target voltage corresponding to a voltage state
of a target gradation level for which the refresh operation is
performed, the prescribed first adjusting voltage correspond-
ing to an amount of voltage decrease in the second switching
circuit; and the control line driver circuit applies a boost
voltage of a prescribed amplitude to the second control line
while applying a refresh reference voltage to the first control
line so as to change a voltage of the output node by capaci-
tance-coupling through the first capacitance element, the
refresh reference voltage being a sum of a refresh isolation
voltage and a prescribed second adjusting voltage, the refresh
isolation voltage being defined by an intermediate voltage
between a voltage state that is one level lower than the target
gradation level and a voltage state of the target gradation
level, the prescribed second adjusting voltage corresponding
to an amount of voltage decrease in the first control line and
the internal node, so that: when the voltage state of the inter-
nal node is higher than the refresh target voltage, the diode
element becomes reverse-biased in a direction from the data
signal line to the internal node, thereby breaking electrical
continuity between the data signal line and the internal node,
when the voltage state of the internal node is lower than the
refresh isolation voltage, the potential change of the output
node by the application of the boost voltage is suppressed, and
the first transistor element is turned off, thereby breaking the
electrical continuity between the data signal line and the
internal node, and when the voltage state of the internal node
is at least the refresh isolation voltage and no more than the
refresh target voltage, the diode element becomes forward-
biased in a direction from the data signal line to the internal
node, and the potential change in the output node is not
suppressed, which turns the first transistor element on,
thereby providing the refresh target voltage to the internal
node.

[0031] Alternatively, when the first switching circuit of the
pixel circuit includes the fourth transistor element or the fifth
transistor element, the display device performs the refresh
operation for the pixel circuits that have the internal node in
the voltage state of the target gradation as follows: the control
line driver circuit applies a boost voltage of a prescribed
amplitude to the second control line while applying, to the
third control line, a prescribed voltage that turns on the fourth
transistor element so as to change a voltage of the output node
by capacitance-coupling through the first capacitance ele-
ment.

[0032] Inthiscase,itis also preferable to apply a prescribed
voltage to the third control line after applying the refresh
reference voltage to the first control line and applying the
boost voltage to the second control line.
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[0033] In addition to the above-mentioned configuration,
the display device is configured such that the refresh opera-
tion is sequentially performed for the pixel circuits that
respectively have the internal nodes in voltage states of dif-
ferent gradation levels by repeatedly conducting the follow-
ing operation while changing values of the refresh input volt-
age and the refresh isolation voltage each time: applying the
boost voltage to the second control line while turning the third
transistor element off, and applying the refresh input voltage
and the refresh reference voltage to the date signal line and the
first control line, respectively.

[0034] In this case, the display device can be configured to
apply the boost voltage while changing values of the refresh
input voltage and the refresh isolation voltage a certain num-
ber of times that is one less than the number of gradation
levels, the number of gradation levels being the number of
voltage states that can be held by the internal node of each
pixel circuit in the pixel circuit array.

[0035] In addition to the above-mentioned configurations,
in the display device according to the present invention, after
a completion of a refresh step that includes the operation of
repeatedly conducting an operation of turning the third tran-
sistor element off, applying the refresh input voltage and the
refresh reference voltage to the date signal line and the first
control line, respectively, and applying the boost voltage to
the second control line, while changing values of the refresh
input voltage and the refresh isolation voltage each time, the
display device performs a stand-by step in which: the data
signal line driver circuit applies a voltage that corresponds to
a smallest value of a voltage state that can be held by the
internal node to the data signal line; and the control line driver
circuit applies a voltage that can turn on the second transistor
regardless of the voltage state of the internal node to the first
control line at least for a certain period of time, instead of
applying the boost voltage to the second control line.

[0036] In this case, it is preferable that the refresh step be
performed again after performing the stand-by step for a
period of time that is at least ten times as long as that of the
refresh step.

[0037] In the above-mentioned configuration, the first
adjusting voltage is preferably a turn-on voltage of the diode
element, and the second adjusting voltage is preferably a
threshold voltage of the second transistor element.

[0038] Alternatively, according to the present invention, in
the self-refresh operation, a refresh operation is sequentially
performed for the pixel circuits that include the internal nodes
in voltage states of different gradation levels as follows: set-
ting a first gradation level as the target gradation and applying
the boost voltage to the second control line while applying the
refresh input voltage and the refresh reference voltage to the
data signal line and the first control line, respectively; and
while continuously applying the boost voltage, setting a sec-
ond gradation level that is one level higher than the first
gradation level as the target gradation level, changing the
refresh reference voltage applied to the first control line, and
thereafter changing the refresh input voltage applied to the
data signal line.

[0039] When there exists a gradation that is even higher
than the second gradation level, after a completion of the
refresh operation for the second gradation level, the display
device repeats the refresh operation for the higher gradation
level by performing, while continuously applying the boost
voltage, setting the target gradation level to a gradation level
that is one level higher than the second gradation level, chang-
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ing the refresh reference voltage applied to the first control
line, and thereafter changing the refresh input voltage applied
to the data signal line.

[0040] In the above-mentioned method, when the control
terminals of the fourth transistor elements are connected to
the same third control line, in addition to applying the boost
voltage to the second control line, a prescribed voltage that
turns on the fourth transistor elements may also be applied to
the third control line. In this case, after the target gradation is
changed to the second gradation, the boost voltage is continu-
ously applied to the second control line, and the prescribed
voltage that turns on the fourth transistor elements is continu-
ously applied to the third control lines.

[0041] When there exists a gradation level that is even
higher than the second gradation level, after a completion of
the refresh operation for the second gradation level, the dis-
play device repeats the refresh operation for the higher gra-
dation level by performing, while continuously applying the
boost voltage and the prescribed voltage that turns the fourth
transistor element on, setting the target gradation level to a
gradation level that is one level higher than the second gra-
dation level, changing the refresh reference voltage applied to
the first control line, and thereafter changing the refresh input
voltage applied to the data signal line.

[0042] By performing the self-refresh operation in the
above-mentioned method, the refresh operations for different
gradation levels can be performed while reducing the number
of times the boost voltage needs to be changed, thereby
achieving the further reduction in power consumption.

Effects of the Invention

[0043] According to the configuration of the present inven-
tion, in addition to a normal writing operation, an operation
(self-refresh operation) to restore an absolute value of a volt-
age applied across both ends of the display element unit to the
value provided by the last writing operation without perform-
ing the writing operation can be performed. According to the
present invention, in particular, among a plurality of pixel
circuits, only the pixel circuits that have the internal nodes
that need to be restored to a voltage state of a target gradation
can be automatically refreshed with a single application of a
pulse voltage. This enables a self-refresh operation under the
circumstances where the internal nodes hold voltage states of
multiple different levels.

[0044] When a plurality of pixel circuits are arranged, the
normal writing operation is generally performed for every
row. Therefore, it is necessary to drive the driver circuit as
many times as the number of rows in the pixel circuit array at
a maximum.

[0045] According to the pixel circuit of the present inven-
tion, by performing the self-refresh operation, a group of
pixels among the plurality of arrayed pixels, which hold the
same voltage state, can be refreshed at once. This makes it
possible to significantly reduce the number of times that the
driver circuit needs to be driven from a start to a finish of the
refresh operation, resulting in the reduction in power con-
sumption.

[0046] The present invention also differs from the conven-
tional technology in that it is no longer necessary to provide
memory units such as SRAMs in the pixel circuits, and there-
fore, the significant reduction in the aperture ratio is avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a block diagram showing an example of a
schematic configuration of a display device of the present
invention.
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[0048] FIG. 2 is a schematic structural diagram showing a
partial cross-section of a liquid crystal display device.
[0049] FIG. 3 is a block diagram showing an example of a
schematic configuration of a display device of the present
invention.

[0050] FIG. 4 is a circuit diagram showing a basic circuit
configuration of a pixel circuit of the present invention.
[0051] FIG. 5 is a circuit diagram showing another basic
circuit configuration of the pixel circuit of the present inven-
tion.

[0052] FIG. 6 is a circuit diagram showing another basic
circuit configuration of the pixel circuit of the present inven-
tion.

[0053] FIG. 7 is a circuit diagram showing a configuration
example ofa Type 1 circuit among pixel circuits of the present
invention.

[0054] FIG. 8isacircuit diagram showing another configu-
ration example of the Type 1 circuit among the pixel circuits
of the present invention.

[0055] FIG. 9 is a circuit diagram showing a configuration
example of Type 2 circuit among the pixel circuits of the
present invention.

[0056] FIG.10is a circuit diagram showing a configuration
example of the Type 2 circuit among the pixel circuits of the
present invention.

[0057] FIG.11is acircuit diagram showing a configuration
example of the Type 2 circuit among the pixel circuits of the
present invention.

[0058] FIG.12is acircuit diagram showing a configuration
example of the Type 2 circuit among the pixel circuits of the
present invention.

[0059] FIG.13 s acircuit diagram showing a configuration
example of the Type 2 circuit among the pixel circuits of the
present invention.

[0060] FIG.14 is a circuit diagram showing a configuration
example of the Type 2 circuit among the pixel circuits of the
present invention.

[0061] FIG.151is acircuit diagram showing a configuration
example of the Type 2 circuit among the pixel circuits of the
present invention.

[0062] FIG.16is a circuit diagram showing a configuration
example of a Type 3 circuit among the pixel circuits of the
present invention.

[0063] FIG.17is acircuit diagram showing a configuration
example of the Type 3 circuit among the pixel circuits of the
present invention.

[0064] FIG. 18 is a timing chart of a self-refresh operation
according to Embodiment 2 with the pixel circuits of Type 1
and Type 3.

[0065] FIG. 19 is another timing chart of the self-refresh
operation according to Embodiment 2 with the pixel circuits
of Type 1 and Type 3.

[0066] FIG. 20 is another timing chart of the self-refresh
operation according to Embodiment 2 with the pixel circuits
of Type 1 and Type 3.

[0067] FIG. 21 is a timing chart of a self-refresh operation
according to Embodiment 2 with the Type 2 pixel circuit.
[0068] FIG. 22 is another timing chart of the self-refresh
operation according to Embodiment 2 with the Type 2 pixel
circuit.

[0069] FIG. 23 is a timing chart of a self-refresh operation
according to Embodiment 3 with the Type 1 pixel circuit.
[0070] FIG. 24 is a timing chart of a self-refresh operation
according to Embodiment 3 with the Type 2 pixel circuit.

Aug. 23,2012

[0071] FIG. 25 is another timing chart of the self-refresh
operation according to Embodiment 3 with the Type 2 pixel
circuit.

[0072] FIG. 26 is a timing chart of a writing operation in a
constant display mode with the Type 1 pixel circuit.

[0073] FIG.27is atiming chart of a writing operation in the
constant display mode with the Type 2 pixel circuit.

[0074] FIG. 28 is atiming chart of a writing operation in the
constant display mode with the Type 2 pixel circuit.

[0075] FIG.29is atiming chart of a writing operation in the
constant display mode with the Type 3 pixel circuit.

[0076] FIG. 30 is a flowchart illustrating implementation
steps of a writing operation and a self-refresh operation in the
constant display mode.

[0077] FIG. 31 is an example of a timing chart of a writing
operation in a normal display mode with the Type 1 pixel
circuit.

[0078] FIG. 32 is an example of a timing chart of a writing
operation in the normal display mode with the Type 2 pixel
circuit.

[0079] FIG. 33 is a circuit diagram showing yet another
basic circuit configuration of the pixel circuit of the present
invention.

[0080] FIG. 34 is a circuit diagram showing yet another
basic circuit configuration of the pixel circuit of the present
invention.

[0081] FIG. 35 is an equivalent circuit diagram of a pixel
circuit of a typical active matrix type liquid crystal display
device.

[0082] FIG. 36 is a block diagram showing a circuit
arrangement example of an active matrix type liquid crystal
display device having mxn pixels.

DETAILED DESCRIPTION OF EMBODIMENTS

[0083] Respective embodiments of a pixel circuit and a
display device of the present invention will be explained
below with reference to figures. The same reference charac-
ters are given to the same constituting elements as those in
FIGS. 35 and 36.

Embodiment 1

[0084] InEmbodiment 1, configurations of adisplay device
ofthe present invention (hereinafter simply referred to as “the
display device”) and of a pixel circuit of the present invention
(hereinafter simply referred to as “the pixel circuit”) will be

explained.
[0085] Display Device
[0086] FIG. 1 shows a schematic configuration of a display

device 1. The display device 1 includes an active matrix
substrate 10, an opposite electrode 80, a display control cir-
cuit 11, an opposite electrode driver circuit 12, a source driver
13, a gate driver 14, and various signal lines that will be later
described. On the active matrix substrate 10, a plurality of
pixel circuits 2 are arranged in the row and column directions,
respectively, thereby forming a pixel circuit array.

[0087] InFIG. 1, in order to avoid making the figure com-
plicated, the pixel circuits 2 are shown as blocks. In the figure,
the active matrix substrate 10 is shown to be on top of the
opposite electrode 80 for convenience in order to clearly show
that the various signal lines are formed on the active matrix
substrate 10.

[0088] In this embodiment, the display device 1 is config-
ured to be capable of performing a screen display in two
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display modes, which are a normal display mode and a con-
stant display mode, through the same pixel circuits 2. In the
normal display mode, a moving image or a still image is
displayed in a full-color display, and the transmissive liquid
crystal display that employs a backlight is utilized. On the
other hand, in the constant display mode of this embodiment,
each pixel circuit is configured to display a plurality of gra-
dation levels, which are three gradation levels or more, and
three adjacent pixel circuits 2 are respectively assigned to
three primary colors (R, G, and B). When the number of
gradation levels is three, 27 colors are displayed, and in a case
of four gradation levels, 64 colors are displayed, for example.
However, the number of gradation levels is configured to be
less than that of the normal display mode.

[0089] Further, in the constant display mode, it is possible
to increase the number of display colors through the area
gradation by further combining a plurality of sets of the three
adjacent pixel circuits. The constant display mode of this
embodiment is a technology that can be employed for either
the transmissive liquid crystal display or the reflective liquid
crystal display.

[0090] Inexplanations below, for convenience, the smallest
display unit corresponding to a single pixel circuit 2 is
referred to as a “pixel,” and “pixel data” written in the respec-
tive pixel circuits is gradation data of the respective three
primary colors (R, G, and B) when the color display is per-
formed with these three colors. In case of displaying not only
the three primary colors, but also other colors by including
brightness data of multiple gradation levels, the brightness
data is also included in the pixel data.

[0091] FIG. 2 is a cross-sectional structure diagram sche-
matically showing a relationship between the active matrix
substrate 10 and the opposite electrode 80. The figure shows
a structure of a display element unit 21 (see FIG. 4) that is a
constituting element of the pixel circuit 2. The active matrix
substrate 10 is a light-transmissive transparent substrate, and
is made of glass or plastic, for example.

[0092] AsshowninFIG. 1, the pixel circuits 2 including the
respective signal lines are formed on the active matrix sub-
strate 10. FIG. 2 shows a pixel electrode 20 as a representative
of constituting elements of the pixel circuit 2. The pixel
electrode 20 is made of a light-transmissive transparent con-
ductive material such as ITO (indium tin oxide).

[0093] A light-transmissive opposite substrate 81 is dis-
posed so as to face the active matrix substrate 10, and a liquid
crystal layer 75 is interposed between the two substrates. On
the outer surfaces of the two substrates, polarizers (not
shown) are bonded.

[0094] The liquid crystal layer 75 is sealed by a sealing
material 74 at the periphery of the two substrates. On the
opposite substrate 81, the opposite electrode 80 that is made
of a light-transmissive transparent conductive material such
as ITO is formed so as to face the pixel electrode 20. This
opposite electrode 80 is formed as a single film that covers the
surface of the opposite substrate 81 almost entirely. A unit
liquid crystal display element Clc (see FIG. 4) is formed by
one pixel electrode 20, the opposite electrode 80, and the
liquid crystal layer 75 sandwiched therebetween.

[0095] A backlight device (not shown) is arranged on a rear
surface side of the active matrix substrate 10 so as to emit light
in a direction from the active matrix substrate 10 toward the
opposite substrate 81.

[0096] As shown in FIG. 1, on the active matrix substrate
10, a plurality of signal lines are formed in the vertical and
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horizontal directions. A plurality of pixel circuits 2 are
arranged in a matrix so as to be disposed at respective inter-
sections of “m” number of source lines (SL1, SL.2, ..., SLm)
that extend in the vertical direction (column direction) and
“n” number of gate lines (GL1, GL2, . . ., GLn) that extend in
the horizontal direction (row direction). Both “m™ and “n” are
integers of two or greater. The respective source lines are
represented by “source lines SL,” and the respective gate lines
are represented by “gate lines GL.”

[0097] The source lines SL correspond to “data signal
lines,” and the gate lines GL correspond to “scanning signal
lines.” A source driver 13 corresponds to a “data signal line
driver circuit,” and a gate driver 14 corresponds to a “scanning
signal line driver circuit.” An opposite electrode driver circuit
12 corresponds to an “opposite electrode voltage supply cir-
cuit,” and a part of a display control circuit 11 corresponds to
a “control line driver circuit.”

[0098] FIG. 1 illustrates the display control circuit 11 and
the opposite electrode driver circuit 12 so as to be disposed
independently and separately from the source driver 13 and
the gate driver 14, respectively. However, a configuration
where the display control circuit 11 and the opposite elec-
trode driver circuit 12 are included in these drivers is also
possible.

[0099] In this embodiment, in addition to the source lines
SL and the gate lines GL, reference lines REF, auxiliary
capacitance lines CSL, and boost lines BST are provided as
signal lines for driving the pixel circuits 2. An example of
another configuration is a configuration where select lines
SEL are further provided. FIG. 3 shows a configuration of the
display device in such a case.

[0100] The reference lines REF, the boost lines BST, and
the select lines SEL correspond to “first control lines,” “sec-
ond control lines,” and “third control lines,” respectively, and
are driven by the display control circuit 11. The auxiliary
capacitance lines CSL correspond to “fourth control lines,” or
“fixed voltage lines,” and are driven by the display control
circuit 11, for example.

[0101] InFIGS. 1 and 3, the reference lines REF, the boost
lines BST, and the auxiliary capacitance lines CSL are respec-
tively provided in the respective rows so as to be extended in
the row direction. These wiring lines in the respective rows
are respectively connected and unified in a peripheral section
of'the pixel circuit array, but a configuration where the wiring
lines in the respective rows are driven individually so that
common voltages can be applied in accordance with an opera-
tion mode is also possible. These wiring lines may also be
arranged in the respective columns so as to be extended in the
column direction. Generally, each reference line REF, each
boost line BST, and each auxiliary capacitance line CSL are
configured to be commonly used by a plurality of pixel cir-
cuits 2, respectively. When the select lines SEL are further
provided, they may be arranged in the same manner as the
boost lines BST.

[0102] The display control circuit 11 is a circuit that con-
trols respective writing operations in the normal display mode
and in the constant display mode and a self-refresh operation
in the constant display mode, which will be later described.
[0103] In the writing operation, the display control circuit
11 receives a data signal Dv and a timing signal Ct indicative
of an image that is to be displayed from an external signal
source, and based on these signals Dv and Ct, generates: a
digital image signal DA and a data timing control signal Stc
that are to be provided to the source driver 13; a scanning
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timing control signal Gtc that is to be provided to the gate
driver 14; an opposite voltage control signal Sec that is to be
provided to the opposite electrode driver circuit 12; and
respective signal voltages that are to be applied to the refer-
ence line REF, the boost line BST, the auxiliary capacitance
line CSL, and to the select line SEL, if provided, respectively,
as signals that are used to display the image in the display
element unit 21 (see FIG. 4) of the pixel circuit array.
[0104] The source driver 13 is a circuit that is controlled by
the display control circuit 11 to apply a source signal of a
prescribed voltage amplitude to each source line SL at a
prescribed timing in the writing operation and in the self-
refresh operation.

[0105] In the writing operation, based on the digital image
signal DA and the data timing control signal Stc, the source
driver 13 generates voltages, as determined relative to the
voltage level of the opposite voltage Vcom, that correspond to
pixel values for one display line, which are represented by the
digital signal DA, in every horizontal period (also referred to
as a “1H period”). The voltages generated here are source
signals Scl, Sc2, . . ., Scm. These voltages correspond to
multiple gradation levels in both the normal display mode and
the constant display mode, but in this embodiment, the con-
stant display mode is configured to have a fewer number of
gradation levels, and the voltages thereof are for three grada-
tion levels (three values), for example. These source signals
are applied to the corresponding source lines SL.1, SL2, . . .,
SLm.

[0106] In the self-refresh operation, the source driver 13 is
controlled by the display control circuit 11 to simultaneously
apply the same voltage to all of the source lines SL that are
connected to target pixel circuits 2 (the details will be given
below).

[0107] The gatedriver 14 is a circuit that is controlled by the
display control circuit 11 to apply a gate signal of a prescribed
voltage amplitude to each gate line GL at a prescribed timing
in the writing operation and in the self-refresh operation. This
gate driver 14 may be formed on the active matrix substrate 10
together with the pixel circuits 2.

[0108] Inthe writing operation, based on the scanning tim-
ing control signal Gtc, the gate driver 14 sequentially selects
the gate lines GL1, GL2, . . ., GLn, one line at a time during
each period that approximates the horizontal period, in each
frame period of the digital image signal DA so that the source

signals Scl, Sc2, . . ., Scm are written in the respective pixel
circuits 2.
[0109] In the self-refresh operation, the gate driver 14 is

controlled by the display control circuit 11 to simultaneously
apply the same voltage to all of the gate lines GL connected to
target pixel circuits 2 (the details will be given below).
[0110] The opposite electrode driver circuit 12 applies the
opposite voltage Vcom to the opposite electrode 80 through
the opposite electrode wiring line CML. In this embodiment,
the opposite electrode driver circuit 12 alternately switches
the output between a prescribed high level (5V) and a pre-
scribed low level (OV) in the normal display mode and in the
constant display mode to output the opposite voltage Vcom.
The above-mentioned operation for driving the opposite elec-
trode 80 with the opposite voltage Vcom alternating between
the high level and the low level is referred to as “opposite AC
driving.”

[0111] With the “opposite AC driving” in the normal dis-
play mode, the opposite voltage Vcom is switched between
the high level and the low level for every horizontal period and
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for every frame period. That is, in one frame period, the
polarity of the voltage applied between the opposite electrode
80 and the pixel electrode 20 differs between two successive
horizontal periods. For the same horizontal period, the polar-
ity of the voltage applied between the opposite electrode 80
and the pixel electrode 20 differs between two successive
frame periods.

[0112] On the other hand, in the constant display mode, the
same voltage level is maintained during one frame period, but
between two successive writing operations, the polarity of the
voltage applied between the opposite electrode 80 and the
pixel electrode 20 is changed.

[0113] The polarity reversal operation is necessary to pre-
vent the display screen burn-in (surface burn-in) that occurs
when a voltage of the same polarity is continuously applied
between the opposite electrode 80 and the pixel electrode 20.
However, by employing the “opposite AC driving,” the ampli-
tude of the voltage applied to the pixel electrode 20 in the
polarity reversal operation can be reduced.

[0114] Pixel Circuit

[0115] Next, a configuration of the pixel circuit 2 will be
explained with reference to FIGS. 4 to 17. FIGS. 4 to 6 show
basic circuit configurations of the pixel circuit 2 of the present
invention. The pixel circuit 2 is configured to include a dis-
play element unit 21 that has the unit liquid crystal display
element Clc, a first switching circuit 22, a second switching
circuit 23, a control circuit 24, and an auxiliary capacitance
element Cs. All of the pixel circuits 2 have this configuration
in common. The auxiliary capacitance element Cs corre-
sponds to a “second capacitance element.”

[0116] The basic circuit configurations shown in FIGS. 4 to
6 respectively encompass circuit configurations common to
Types 1 to 3, respectively, which will be later described. The
unit liquid crystal display element Clc is the same as the one
that has been described with reference to FIG. 2, and there-
fore, the explanation thereof will be omitted.

[0117] The pixel electrode 20 is connected to respective
one ends of'the first switching circuit 22, the second switching
circuit 23, and the control circuit 24, thereby forming an
internal node N1. The internal node N1 holds a pixel data
voltage supplied from the source line SL in the writing opera-
tion.

[0118] The auxiliary capacitance element Cs has one end
thereof connected to the internal node N1, and the other end
thereof connected to the auxiliary capacitance line CSL. This
auxiliary capacitance element Cs is additionally provided so
that the internal node N1 can hold the pixel data voltage
stably.

[0119] Inthe first switching circuit 22, one end thereof that
does not form the internal node N1 is connected to the source
line SL. The first switching circuit 22 includes a transistor T3
that functions as a switching element. The transistor T3 is a
transistor that has the control terminal connected to the gate
line, and corresponds to a “third transistor element.” At least
when the transistor T3 is off, the first switching circuit 22 is
turned into a non-conducting state, thereby breaking electri-
cal continuity between the source line SL and the internal
node N1.

[0120] Oneend ofthe second switching circuit 23 that does
not form the internal node N1 is connected to the source line
SL. The second switching circuit 23 includes a series circuit
of a transistor T1 and a diode D1. The transistor T1 is a
transistor that has the control terminal connected to an output
node N2 of the control circuit 24, and corresponds to a “first
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transistor element.” The diode D1 has a rectifying function in
a direction from the source line SL toward the internal node
N1, and corresponds to a “diode element.” In this embodi-
ment, this diode D1 is made of a p-n junction, but it may also
be made of the Schottky junction, or a diode-connected MOS-
FET (MOSFET with the drain or the source connected to the
gate).

[0121] As shown in FIG. 4, a configuration where the sec-
ond switching circuit 23 includes a series circuit of the tran-
sistor T1 and the diode D1, and does not include a transistor
T4 will be referred to as Type 1 below.

[0122] Unlike this Type 1, the second switching circuit 23
may also include a series circuit of not only the transistor T1
and the diode D1, but also a transistor T4 as shown in FIGS.
5 and 6. This configuration has two types as respectively
shown in FIGS. 5 and 6 that differ from each other with
respect to the signal line to which the control terminal of the
transistor T4 is connected. In the pixel circuit type shown in
FIG. 5 (Type 2), the select line SEL is provided in addition to
the boost line BST, and the control terminal of the transistor
T4 is connected to this select line SEL. On the other hand, in
the pixel circuit type shown in FIG. 6 (Type 3), the control
terminal of the transistor T4 is connected to the boost line
BST. It is apparent that the select line SEL is not provided in
Type 1. This transistor T4 corresponds to a “fourth transistor
element.”

[0123] InType 1,ifapotential difference equal to or greater
than a turn-on voltage is generated across respective ends of
the diode D1 when the transistor T1 is on, a current flows
through the second switching circuit 23 in the direction from
the source line SL toward the internal node N1. On the other
hand, in Types 2 and 3, when both transistors T1 and T3 are
on, if a potential difference equal to or greater than a turn-on
voltage is generated across the respective ends of the diode
D1, a current flows through the second switching circuit 23 in
the direction from the source line SL toward the internal node
N1.

[0124] The control circuit 24 includes a series circuit of the
transistor T2 and a boost capacitance element Cbst. The first
terminal of the transistor T2 is connected to the internal node
N1, and the control terminal thereof is connected to the ref-
erence line REF. The second terminal of the transistor T2 is
connected to the first terminal of the boost capacitance ele-
ment Cbst and the control terminal of the transistor T1,
thereby forming an output node N2. The second terminal of
the boost capacitance element Cbst is connected to the boost
line BST. The transistor T2 corresponds to a “second transis-
tor element.”

[0125] Oneend of the auxiliary capacitance element Cs and
one end of the liquid crystal capacitance element Clc are
connected to the internal node N1. In order to simplify the
reference characters, an electrostatic capacitance of the aux-
iliary capacitance element (referred to as an “auxiliary
capacitance™) is denoted by Cs, and an electrostatic capaci-
tance of the liquid crystal capacitance element (referred to as
a “liquid crystal capacitance”) is denoted by Clc. The total
capacitance attributed to the internal node N1, i.e., a pixel
capacitance Cp where the pixel data is written and is held, is
approximately represented as a sum of the liquid crystal
capacitance Clc and the auxiliary capacitance Cs (Cp=~Clc+
Cs).

[0126] The boost capacitance element Cbst is set so as to
satisfy Cbst<<Cp, where Cbst is the electrostatic capacitance
of the element (referred to as a “boost capacitance”).
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[0127] When the transistor T2 is on, the output node N2
holds a voltage that corresponds to a voltage level of the
internal node N1, and when the transistor T2 is off, it main-
tains an initial holding voltage even if the voltage level of the
internal node N1 changes. The circuit is configured so that an
on or off state of the transistor T1 of the second switching
circuit 23 is controlled by this hold voltage of the output node
N2.

[0128] All of the above-mentioned four types of transistors
T1 to T4 are thin film transistors, such as polycrystalline
silicon TFTs, amorphous silicon TFTs, or the like, that are
formed on the active matrix substrate 10. In each of the
transistors, one of the first and second terminals corresponds
to the drain electrode, the other corresponds to the source
electrode, and the control terminal corresponds to the gate
electrode. Further, the respective transistors T1 to T4 may be
constituted of individual transistor elements, respectively, or
it may be configured by connecting a plurality of transistors in
series so as to commonly use the same control terminal when
the reduction of leakage current in the off state is strongly
demanded. In the explanation of an operation of the pixel
circuit 2 below, all of the transistors T1 to T4 are assumed to
be n-channel type polycrystalline silicon TFTs that have the
threshold voltage of about 2V.

[0129] In a manner similar to the transistors T1 to T4, the
diode D1 is also formed on the active matrix substrate 10. In
this embodiment, a p-n junction diode made of polycrystal-
line silicon is used as the diode D1.

[0130] Typel

[0131] First, the Type 1 pixel circuit in which the second
switching circuit 23 includes a series circuit of the transistor
T1 and the diode D1 only will be explained.

[0132] As shown in FIGS. 7 and 8, two kinds of pixel
circuits 2A can be provided, which differ from each other in
the configuration of the first switching circuit 22 as described
above.

[0133] In the Type 1 pixel circuit 2A shown in FIG. 7, the
first switching circuit 22 is constituted of the transistor T3
only.

[0134] InFIG.7,the second switching circuit 23 includes a
series circuit of the diode D1 and the transistor T1, and the
figure shows a configuration where the first terminal of the
transistor T1 is connected to the internal node N1, the second
terminal of the transistor T1 is connected to the cathode
terminal of the diode D1, and the anode terminal of the diode
D1 is connected to the source line SL as an example. How-
ever, as shown in FIG. 8, the transistor T1 and the diode D1 of
the series circuit may switch places. The circuit may also be
configured such that the transistor T1 is sandwiched by two
diodes D1.

[0135] Type2

[0136] Next, the Type 2 pixel circuit where the second
switching circuit 23 includes a series circuit of the transistor
T1, the diode D1, and the transistor T4, and the control
terminal of the transistor T4 is connected to the select line
SEL will be explained.

[0137] Possible circuit configurations of Type 2 are gener-
alized into pixel circuits 2B shown in FIGS. 9 to 11 and pixel
circuits 2C shown in FIGS. 12 to 15 in accordance with the
configuration of the first switching circuit 22.

[0138] In the pixel circuit 2B shown in FIG. 9, the first
switching circuit 22 is constituted of the transistor T3 only. In
a manner similar to Type 1, the circuit configuration of the
second switching circuit 23 can be modified so as to arrange
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the diode D1 differently (see FIGS. 10 and 11, for example).
Also, in these circuits, the transistors T1 and T4 can be
replaced with each other.

[0139] In the pixel circuit 2C shown in FIG. 12, the first
switching circuit 22 includes a series circuit of the transistor
T3 and the transistor T4. By arranging the transistor T4 in a
different position, a modification circuit shown in FIG. 13 is
provided. A modification circuit shown in FIG. 14 is obtained
by providing a plurality of transistors T4.

[0140] Further, as shown in FIG. 15, the circuit can be
modified to include a transistor T5 in the first switching
circuit 22, instead of the transistor T4. The transistor T5 has
the control terminal thereof connected to the control terminal
of the transistor T4.

[0141] Type3

[0142] Next, the Type 3 pixel circuit where the second
switching circuit 23 includes a series circuit of the transistor
T1, the diode D1, and the transistor T4, and the control
terminal of the transistor T4 is connected to the boost line
BST will be explained.

[0143] The respective Type 3 pixel circuits are configured
in a manner similar to the respective Type 2 pixel circuits, but
in Type 3, the control terminal of the transistor T4 is con-
nected to the boost line BST, and the select line SEL is not
provided. Therefore, pixel circuits that respectively corre-
spond to the pixel circuits 2B shown in FIGS. 9 to 11, and the
pixel circuits 2C shown in FIGS. 12 to 15 can be provided. As
examples, a pixel circuit 2D that corresponds to the pixel
circuit 2B in FIG. 9 is shown in FIG. 16, and a pixel circuit 2E
that corresponds to the pixel circuit 2C in FIG. 12 is shown in
FIG. 17, respectively.

[0144] The above-mentioned pixel circuits of the respec-
tive types may also include a plurality of same transistor
elements or diode elements that are connected in series,
respectively.

Embodiment 2

[0145] In Embodiment 2, self-refresh operations by the
respective pixel circuits of Types 1 to 3 above will be
explained with reference to figures.

[0146] The self-refresh operation is performed for a plural-
ity of pixel circuits 2 during the constant display mode by
operating the first switching circuits 22, the second switching
circuits 23, and the control circuits 24 in a prescribed
sequence so as to restore the potential of the pixel electrodes
20 (which also is the potential of the internal nodes N1) to the
potential of a gradation level that is written in the last writing
operation. This operation is conducted for the pixel circuits of
all of the gradation levels and separately for each target gra-
dation level, and the pixel circuits having the same gradation
level are restored at once “at the same time.” The self-refresh
operation that is conducted with the pixel circuits 2A to 2E
above is unique to the present invention, and allows for sig-
nificant reduction in power consumption as compared with
the conventional “external refresh operation” that restores the
potential of the pixel electrode 20 by performing the normal
writing operation. The term “same time” used in “at the same
time” above allows for a length of time during which a series
of self-refresh operations are performed.

[0147] Conventionally, in the writing operation, an external
polarity reversal operation for reversing only the polarity of
the liquid crystal voltage V¢l applied between the pixel elec-
trode 20 and the opposite electrode 80 without changing the
absolute value thereof was performed. When this external
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polarity reversal operation is performed, the polarity is
reversed, and the absolute value of the liquid crystal voltage
Veclis also updated to a state in the last writing operation. This
means the polarity reversal and the refresh are performed at
the same time, and thus it is unusual to perform the refresh
operation alone to renew the absolute value of the liquid
crystal voltage Vcl only without reversing the polarity in the
writing operation. However, for ease of explanation, such a
refresh operation is referred to as the “external refresh opera-
tion” below in order to make comparison with the self-refresh
operation.

[0148] Even when the refresh operation is conducted by the
external polarity reversal operation, the writing operation is
still performed, and therefore, the self-refresh operation of
this embodiment makes it possible to achieve the significant
reduction in power consumption as compared with this con-
ventional technique as well.

[0149] As described below, the self-refresh operation of
this embodiment applies the same voltage setting to all of the
pixel circuits. However, under this voltage setting, only the
pixel circuits that have a voltage state of a specific gradation
level at the internal nodes N1 are automatically selected, and
the potential of those internal nodes N1 is actually restored
(refreshed). That is, even though the voltage application is
performed on all of the pixel circuits, upon the voltage appli-
cation, the actual refresh of the potential of the internal nodes
N1 is performed in some pixel circuits, but not in other pixel
circuits.

[0150] Therefore, to avoid confusion caused by expres-
sions, the term “self-refresh (operation)” and the term
“refresh (operation)” below are used in different ways from
each other on purpose. The former is used more broadly to
indicate a series of operations for restoring the potential of the
internal nodes N1 of the respective pixel circuits. On the other
hand, the latter is used more narrowly to indicate an actual
operation of restoring the potential of the pixel electrode (the
potential of the internal node). That is, the “self-refresh opera-
tion” in this embodiment is configured to automatically and
selectively “refresh” the internal nodes having a voltage state
of a prescribed gradation level through the same voltage
application to all of the pixel circuits, and by applying differ-
ent voltages for respective target gradation levels to be
“refreshed” in a similar manner, pixel circuits of all gradation
levels are “refreshed.” As described, the “self-refresh opera-
tion” in this embodiment is configured to perform the “refresh
operation” for every gradation level, respectively.

[0151] The timing of the voltage application is configured
to be the same for all of the gate lines GL, the source lines SL,
the reference lines REF, the auxiliary capacitance lines CSL,
the boost lines BST, and the opposite electrode 80 that is
connected to the pixel circuits 2 that are to be self-refreshed.
The voltage is also applied to the select lines SEL at the same
timing in the Type 2 pixel circuit provided with the select lines
SEL.

[0152] Atthe same point in time, all of the gate lines GL are
applied with the same voltage, all of the reference lines REF
are applied with the same voltage, all of the auxiliary capaci-
tance lines CSL are applied with the same voltage, and all of
the boost lines BST are applied with the same voltage. The
timing control of these voltage applications is performed by
the display control circuit 11 shown in FIG. 1, and the indi-
vidual voltage applications are performed by the display con-
trol circuit 11, the opposite electrode driver circuit 12, the
source driver 13, and the gate driver 14, respectively.
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[0153] Inthe constant display mode of this embodiment, as
described in Embodiment 1 above, the pixel data of the three
gradation levels (three values) are held in the respective pixel
circuits. In this case, potential VN1 held in the internal node
N1 (that is, the potential of the pixel electrode 20) indicates
one of three voltage states, which are first through third volt-
age states. In this embodiment, the first voltage state (high
voltage state), the second voltage state (medium voltage
state), and the third voltage state (low voltage state) are
respectively set to 5V, 3V, and 0V, for example.

[0154] TItis expected that, at a point immediately before the
self-refresh operation is started, the first voltage state is writ-
ten in the pixel electrodes 20 of some pixels, the second
voltage state is written in the pixel electrodes 20 of other
pixels, and the third voltage state is written in the pixel elec-
trodes 20 of the rest of the pixels, respectively. However,
according to the self-refresh operation of this embodiment,
regardless of the voltage states written in the pixel electrodes
20, the refresh operation can be performed for all of the pixel
circuits by conducting the voltage application process based
on the same sequence. The details will be explained with
reference to timing charts and circuit diagrams.

[0155] Hereinafter, the “case H” refers to a case where the
voltage of the first voltage state (high level voltage) has been
written by the last writing operation and that high level volt-
age needs to be restored, the “case M” refers to a case where
the voltage of the second voltage state (medium level voltage)
has been written by the last writing operation and that
medium level voltage needs to be restored, and the “case L.”
refers to a case where the voltage of the third voltage state
(low level voltage) has been written by the last writing opera-
tion and that low level voltage needs to be restored.

[0156] As described in Embodiment 1 above, the threshold
voltage of each of the transistors is set to 2V, and the turn-on
voltage of the diode D1 is set to 0.6V.

[0157] Typel

[0158] First, the self-refresh operation of the Type 1 pixel
circuit 2A where the second switching circuit 23 includes the
series circuit of the transistor T1 and the diode D1 only will be
explained. Here, the pixel circuit 2A shown in FIG. 7 is used
as an example.

[0159] InFIG. 18, a timing chart of the self-refresh opera-
tion of Type 1 is shown. As shown in FIG. 18, the self-refresh
operation is divided into two steps S1 and S2, and the step S1
further includes two phases P1 and P2. FIG. 18 shows respec-
tive voltage waveforms of all of the gate lines GL, the source
lines SL, the boost lines BST, the reference lines REF, the
auxiliary capacitance lines CSL, and the boost line BST con-
nected to the pixel circuits 2A, which are the target of the
self-refresh operation. A voltage waveform of the opposite
voltage Vcom is also shown. In this embodiment, the self-
refresh operation is being performed for all of the pixel cir-
cuits in the pixel circuit array.

[0160] Further, FIG. 18 shows waveforms that indicate
changes in the potential (pixel voltage) VN1 of the internal
node N1, the potential VN2 of the output node N2, and on-off
states of the transistors T1 to T3 in the respective steps and the
respective phases for the respective cases H, M, and L. Ref-
erence characters in the parentheses in FIG. 18 indicate the
respective cases. VN1 (H) is a waveform that indicates a
change in the potential VN1 in the case H, for example.

[0161] Priorto atime (t1) when the self-refresh operation is
started, the high level voltage was written to pixels of the case
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H, the medium level voltage was written to pixels of the case
M, and the low level voltage was written to pixels of the case
L

[0162] After the writing operation was performed, the
potential VN1 of the internal node N1 is eventually changed
due to leakage current generated in the respective transistors
in the pixel circuit. In the case H, VN1 was 5V immediately
after the writing operation, but the voltage value of VN1
decreases over time from the initial state. Similarly, in the
case M, VN1 was 3V immediately after the writing operation,
but this voltage value decreases over time from the initial
state. As described, in the case H and the case M, the potential
of the internal node N1 is gradually decreased with time, and
this is mainly due to the leakage current flowing toward lower
potential (grounding line, for example) through off-state tran-
sistors.

[0163] In the case L, the potential VN1, which was OV
immediately after the writing operation, may slightly
increase over the course of time. This is because, even in a
non-selected pixel circuit, owing to the writing voltage
applied the source lines SL in the writing operation for other
pixel circuits, for example, the leakage current may flow
toward the internal node N1 from the source line SL through
an off-state transistor.

[0164] Taking into account the above-mentioned potential
changes, FIG. 18 describes VN1 (H) being slightly lower than
5V, VN1 (M) being slightly lower than 3V, and VN1 (L) being
slightly higher than OV at the time t1.

[0165] The self-refresh operation of this embodiment can
be broadly divided into two steps S1 and S2. The step S1
corresponds to a “refresh step,” and the step S2 corresponds to
a “stand-by step.”

[0166] Inthe step S1, the refresh operations for the case H
and the case M are directly performed by applying a pulse
voltage. On the other hand, in the step S2, the refresh opera-
tion for the case L is indirectly performed by applying a
prescribed voltage for a longer period of time than the step S1
(ten times or longer). “Directly performed” means establish-
ing electrical continuity between the internal node N1 and the
source line SL through the second switching circuit 23,
thereby providing the voltage applied to the source line SL to
the internal node N1 and setting the potential VN1 of the
internal node to a target value. “Indirectly performed” means
making the potential VN1 of the internal node N1 closer to a
target value by utilizing a small leakage current flowing from
the internal node N1 to the source line SL through the first
switching circuit 22 in a non-conducting state, instead of
establishing electrical continuity between the internal node
N1 and the source line SL through the second switching
circuit 23.

[0167] Inthe step S1, the respective phases P1 and P2 differ
from each other in that the case H is refreshed in one of the
two phases and the case M is refreshed in the other. InFIG. 18,
only the internal nodes N1 of the case H (high-voltage is
written) are refreshed in the phase P1, and only the internal
nodes N1 of the case M (medium-voltage is written) are
refreshed in the phase P2. The details of this operation will be
explained below.

[0168] Step S1/Phase P1

[0169] In the phase P1 that is started from the time t1, the
gate line GL is provided with a voltage that turns the transistor
T3 completely oft, which is set to —5V in this case. This keeps
the transistor T3 off while the self-refresh operation is per-
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formed, allowing the voltage applied to the gate line GL to
stay constant during the self-refresh operation.

[0170] The opposite voltage Vcom to be applied to the
opposite electrode 80, and a voltage to be applied to the
auxiliary capacitance line CSL are set to OV. These voltages
are not limited to 0V, and may be the same voltage values as
those prior to the time t1. These voltages may also be constant
during the self-refresh operation.

[0171] At the time t1, the source line SL is provided with a
voltage obtained by adding a turn-on voltage Vdn of the diode
D1 to a target voltage of the internal node N1 that is to be
restored by the refresh operation. In the phase P1, the refresh
target is the case H, and therefore, the target voltage of the
internal node N1 is 5V. Thus, when the turn-on voltage Vdn of
the diode D1 is 0.6V, 5.6V is applied to the source line SL.
[0172] The target voltage of the internal node N1 corre-
sponds to a “refresh target voltage.” The turn-on voltage Vdn
ofthe diode D1 corresponds to a “first adjusting voltage.” The
actual voltage that is applied to the source line SL in the
refresh step S1 corresponds to a “refresh input voltage.” In the
phase P1, this refresh input voltage is 5.6V.

[0173] At the time t1, the reference line REF is provided
with a voltage that turns the transistor T2 off when the internal
node N1 is in a voltage state (gradation level) of the refresh
target or higher (higher gradation level) and that turns the
transistor T2 on when the internal node N1 is in a voltage state
(lower gradation level) lower than the voltage state (gradation
level) of the refresh target. In the phase P1, the refresh target
is the case H (first voltage state), and because a voltage state
that is higher than that does not exist, a voltage applied to the
reference line REF is set so as to turn the transistor T2 off only
when the internal node N1 is in the first voltage state (case H),
and to turn the transistor T2 on when the internal node N1 is
in the second voltage state (case M) or the third voltage state
(case L).

[0174] More specifically, because a threshold voltage Vt2
of the transistor T2 is 2V, when a voltage that exceeds 5V is
applied to the reference line REF, the transistor T2 can be
turned on in the case M. On the other hand, if a voltage applied
to the reference line REF exceeds 7V, it even turns on the
transistor T2 in the case H, which is the target in the phase P1.
Therefore, a voltage applied to the reference line REF needs
to be greater than 5V and no more than 7V.

[0175] Itis presumed that, at a point before the self-refresh
operation is performed, the potential of the internal node N1
has become lower than a voltage state written by the last
writing operation by a certain level because of the above-
mentioned occurrence of leakage current or the like. That is,
the potential VN1 of the internal node N1 corresponding to
the case M may have been lowered to about 2.5V at the point
in time before the self-refresh operation is performed. In such
a case, if the voltage of about 5.1V is applied to the reference
line REF, the transistor T2 may be turned off even in the case
M, depending on the size of the voltage decrease in the inter-
nal node N1. For this reason, the voltage is set to 6.5V so as to
allow a certain degree of a margin.

[0176] When 6.5V is applied to the reference line REF, in
the pixel circuit with the potential VN1 of the internal node
N1 being 4.5V orhigher, the transistor T2 is turned off. On the
other hand, in the pixel circuit with VN1 being lower than
4.5V, the transistor T2 is turned on. In the internal node N1 of
the case H written to 5V by the last writing operation, if the
self-refresh operation is performed before the voltage is
decreased by 0.5V or greater due to the occurrence of the
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leakage current, VN1 becomes 4.5V or greater, and therefore,
the transistor T2 is turned off. On the other hand, in the
internal node N1 in the case M that was written to 3V by the
last writing operation, and in the internal node N1 in the case
L that was written to OV, VN1 does not reach or exceed 4.5V
even when time has passed, and therefore, in those cases, the
transistors T2 are turned on.

[0177] As described, a value obtained by subtracting the
threshold voltage Vt2 of the transistor T2 from the voltage
Vref applied to the reference line REF needs to be a value
intermediate between the internal node potential VN1 in the
case H that is the target of the refresh operation in this phase
and the internal node potential VN1 of the case M that is a
voltage state one level lower than the case H. In other words,
in this phase P1, a value of the voltage Vref applied to the
reference line REF needs to be set so as to satisfy a condition
of 3V<(Vref-Vt2)<5V. The voltage represented by “Vref-
V12” corresponds to a “refresh isolation voltage.” Vt2 corre-
sponds to a “second adjusting voltage,” and Vref corresponds
to a “refresh reference voltage.”” When the above-mentioned
condition is described by using these terms, the “refresh
reference voltage” that is to be applied to the reference line
REF in the phase P1 corresponds to a voltage value obtained
by adding the “second adjusting voltage,” which corresponds
to the threshold voltage of the transistor T2, to the “refresh
isolation voltage” that is defined by a voltage intermediate
between the voltage state (gradation level) that is the target of
the refresh operation and the voltage state (gradation level)
that is one level lower than that.

[0178] Theboostline BST is provided with a voltage within
arange that turns on the transistor T1 in the case H where the
transistor T2 was turned off in the manner described above
and that turns off the transistor T1 in the cases M and L where
the transistors T2 were turned on.

[0179] The boost line BST is connected to one end of the
boost capacitance element Cbst. Therefore, when a high-level
voltage is applied to the boost line BST, the potential of the
other end of the boost capacitance element Cbst, which is the
potential of the output node N2, is increased. As described,
increasing the voltage that is applied to the boost line BST so
as to boost the potential of the output node N2 is referred to as
“boosting” below.

[0180] In the case H, the transistor T2 remains off during
the phase P1 as described above. Therefore, the size of the
potential change in the node N2 caused by the boosting is
determined by the ratio of the boost capacitance Cbst to the
total parasitic capacitance of the node N2. When this ratio is
0.7, for example, if one electrode of the boost capacitance
element is increased by AVbst, the other electrode, which is
the node N2, is increased by about 0.7 AVbst only.

[0181] In the case H, the potential VN1 (H) of the internal
node N1 is about 5V at the time t1. When potential that is
higher than VN1(H) by the threshold voltage of 2V or greater
is applied to the gate of the transistor T1, which is the output
node N2, the transistor T1 is turned on. In this embodiment,
the voltage applied to the boost line BST at the time t1 is set
to 10V, which increases the output node N2 by 7V. As
described in Embodiment 4 below, in the writing operation,
the transistor T2 is turned on, and therefore, at a point in time
immediately before the time t1, the node N2 is at substantially
the same potential (5V) as that of the node N1. This means
that by boosting, the node N2 increases to about 12V. This
way, the potential difference between the gate of the transistor
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T1 and the node N1 becomes at least the threshold voltage,
thereby turning the transistor T1 on.

[0182] On the other hand, the case M or the case L. where
the transistor T2 is turned off in the phase P1 differs from the
case H in that the output node N2 and the internal node N1 are
electrically connected. In this case, the size of potential
change of the output node N2 caused by the boosting is
affected by not only the boost capacitance Cbst and the total
parasitic capacitance of the node N2, but also the total para-
sitic capacitance of the internal node N1.

[0183] As described above, the internal node N1 is con-
nected to one end of the auxiliary capacitance element Cs and
one end of the liquid crystal capacitance element Clc, and the
total capacitance Cp at this internal node N1 can be approxi-
mately represented by the sum of the liquid crystal capaci-
tance Clc and the auxiliary capacitance Cs. A value of the
boost capacitance Cbst is significantly smaller than that of the
liquid crystal capacitance Cp. Therefore, the ratio of the boost
capacitance to the total capacitance becomes very small,
whichis about 0.01 or smaller, for example. In this case, when
one electrode ofthe boost capacitance element is increased by
AVbst, the other electrode, which is the output node N2, is
increased only by about 0.01 AVbst at most. That is, in the
case M and the case L, even when AVbst is set to be 10V, the
potential VN2(M) and the potential VN2(L) of the output
nodes N2 show little increase.

[0184] Inthe case M, the potential VN2 (M) is about 3V at
a point immediately before the time tl1. In the case L, the
potential VN2 (L) is about OV at a point immediately before
the time t1. Therefore, in both cases, even when the boosting
is performed at the time t1, the gate of the transistor T1 is not
provided with potential that is large enough to turn the tran-
sistor on. That is, unlike the case H, the transistor T1 remains
off.

[0185] The potential of the output node N2 immediately
before the time t1 in the case M and in the case L is not limited
to 3V and 0V, respectively, and the potential may be in any
voltage levels as long as the transistor T1 is not turned on even
when the small potential change is caused by the pulse volt-
age applied to the boost line BST. Similarly, in the case H, the
potential of the node N1 immediately before the time t1 is not
limited to 5V, and the potential may be in any voltage level as
long as the transistor T1 is turned on when the potential
change occurs by performing the boosting with the transistor
T2 being in the off state.

[0186] In the case H, the transistor T1 is turned on by the
boosting. Because 5.6V is applied to the source line SL, if the
potential VN1(H) of the internal node N1 is slightly lowered
from 5V, the potential difference that is equal to or greater
than the turn-on voltage Vdn of the diode D1 has been gen-
erated between the source line SL and the internal node N1.
This turns the diode D1 on in the direction from the source
line SL toward the internal node N1, and the current flows
from the source line SL toward the internal node N1, causing
the potential VN1(H) of the internal node N1 to increase. This
potential increase continues until the potential difference
between the source line SL and the internal node N1 becomes
equal to the turn-on voltage Vdn of the diode D1, and stops
when the potential difference reaches Vdn. Because the volt-
age applied to the source line SL is 5.6V, and the turn-on
voltage Vdn of the diode D1 is 0.6V, the increase in potential
VN1(H) of the internal node N1 stops when it reaches 5V.
This way, the refresh operation in the case H is performed.
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[0187] In both cases M and L, because the transistor T1 is
turned off as described above, electrical continuity between
the source line SL and the internal node N1 is not established,
and therefore, the potential VN1(M) or the potential VN1(L)
of the internal node N1 is not affected by the voltage applied
to the source line SL.

[0188] That is, the refresh operation is performed for the
pixel circuits with the potential of the internal nodes N1 being
at least the refresh isolation voltage, but no more than the
refresh target voltage. In the phase P1, because the refresh
isolation voltage was set to 4.5V (=6.5-2V), and the refresh
target voltage was set to 5V, the operation of refreshing the
potential VN1 to 5V is performed only for the pixel circuits
with the potential VN1 of the internal nodes N1 being at least
4.5V, but no more than 5V, that is, the case H only.

[0189] When the phase P1 is completed, the voltage appli-
cation to the respective lines of the source line SL, the boost
line BST, and the reference line REF is stopped. Thereafter,
the subsequent phase P2 is started from a time t2.

[0190] Step S1/Phase P2

[0191] Inthe phase P2 starting from the time t2, the refresh
target is the case M (nodes written to the medium voltage).
[0192] Specifically, 3.6V is applied to the source line SL as
the refresh input voltage. This 3.6V is a value obtained by
adding the turn-on voltage Vdn of the diode D1 to the refresh
target voltage (3V) of the internal node N1 in the phase P2.
[0193] The reference line REF is provided with a voltage
that turns the transistor T2 off when the internal node N1 is in
a voltage state (case M) of the refresh target or a higher
voltage state (case H) and that turns the transistor T2 on when
the internal node N1 is in a voltage state (case L) that is lower
than the refresh target voltage state (case M). In the manner
similar to the phase P1, by applying a voltage that exceeds 2V
to the reference line REF, the transistor T2 in the case L can be
turned on. On the other hand, if a voltage that exceeds 5V is
applied to the reference line REF, even the transistor T2 in the
case M is turned on. Therefore, technically, a voltage inter-
mediate between 2V and 5V may be applied to the reference
line REF. However, in the manner similar to the phase P1, it is
necessary to apply a voltage with a certain degree of a margin,
and therefore, 4.5V is applied in this case, for example. This
4.5V corresponds to the refresh reference voltage in the phase
P2, and 2.5V, which is a value obtained by subtracting the
threshold voltage of the transistor T2, corresponds to the
refresh isolation voltage.

[0194] If the potential VN1 of the internal node N1 is at
least 2.5V that is the refresh isolation voltage, the transistor
T2 is turned off. On the other hand, in the pixel circuits with
VN1 being smaller than 2.5V, the transistors T2 are turned on.
That is, in the case H written to 5V by the last writing opera-
tion, or in the case M written to 3V, VN1 becomes at least
2.5V, and therefore, the transistor T2 is turned off in either
case. On the other hand, in the case L written to OV by the last
writing operation, VN1 becomes smaller than 2.5V, and
therefore, the transistor T2 is turned on.

[0195] Theboostline BST is provided with a voltage within
a range that turns on the transistor T1 in the cases H and M
where the transistor T2 is turned off and that turns off the
transistor T1 in the case L where the transistor T2 is turned on.
The voltage is set to be 10V in the same manner as the phase
P1. Inthe cases H and M, the potential of the output nodes N2
is increased by the boosting, and therefore, the transistors T1
are turned on. On the other hand, in the case L, even with the
boosting, the potential VN2(L) of the output node N2 is not
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changed almost at all, and therefore, the transistor T1 is not
turned on. Because this principle is the same as that in the
phase P1, the detailed explanation will be omitted.

[0196] In the case H, the transistor T1 is turned on by the
boosting. However, the source line SL is provided with 3.6V,
and even though the potential VN1(H) of the internal node N1
has been slightly decreased from 5V, the decrease amount is
less than 1V. This creates the reverse bias state from the
source line SL toward the internal node N1, and therefore,
owing to the rectifying function of the diode D1, electrical
continuity between the source line SL and the internal node
N1 is not established. That is, the potential VN1(H) of the
internal node N1 is not affected by the voltage applied to the
source line SL.

[0197] In the case M, the transistor T1 is turned on by the
boosting. Because 3.6V is applied to the source line SL, if the
potential VN1(M) of the internal node N1 is decreased
slightly from 3V, the potential difference that is equal to or
greater than the turn-on voltage Vdn of the diode D1 has been
generated between the source line S and the internal node
N1. This turns the diode D1 on in the direction from the
source line SL, toward the internal node N1, thereby allowing
current to flow from the source line SL toward the internal
node N1. As a result, the potential VN1(M) of the internal
node N1 increases until the potential difference between the
source line SL and the internal node N1 becomes equal to the
turn-on voltage Vdn (=0.6V). That is, VN1(M) is increased to
3V, and thereafter maintains the potential. This way, the
refresh operation for the case H is performed.

[0198] In the case L, the transistor T1 is in the off state as
described above, and therefore, electrical continuity between
the source line SL and the internal node N1 is not established.
Thus, the voltage applied to the source line S does not affect
the potential VN1(L) of the internal node N1.

[0199] That is, in the phase P2, the refresh isolation voltage
was set to 2.5V (=4.5V-2V), and the refresh target voltage
was set to 3V, and therefore, the operation of refreshing the
potential VN1 to 3V is performed only for the pixel circuits
with the potential VN1 of the internal nodes N1 being at least
2.5V, but no more than 3V, that is, the case M only.

[0200] When the phase P2 is completed, the voltage appli-
cation to the respective lines of the source line SL, the boost
line BST, and the reference line REF is stopped, and a stand-
by step S2 is started.

[0201] Step S2

[0202] In the step S2 starting from a time t3, the reference
line REF is provided with a voltage that always turns on the
transistor T2 regardless of the potential VN1 of the internal
node N1. The voltage is set to 10V here. Other signal lines
maintain the same voltage states as those at the end of the
phase P2.

[0203] When such voltage states are provided, in all of the
cases H, M, and L, the transistors T2 become on, and the
transistors T1 become off. Because the gate lines GL are still
receiving the low level voltage, the transistors T3 remain off.
Thus, the potential VN1 of the internal nodes N1 remains the
same as that immediately after the end of the refresh step S1.
Also, because the electrical continuity is established between
the output node N2 and the internal node N1, VN2 becomes
equal to VN1.

[0204] Thereafter, at a time t4, the voltage applied to the
reference lines REF is changed to a lower level (0V), thereby
turning the transistors T2 off.
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[0205] In this step S2, the same voltage states are main-
tained for a sufficiently longer period of time as compared to
the step S1. During this time, the source lines SL are provided
with 0V, and therefore, leakage current occurs in the direction
from the internal node N1 toward the source line SL through
the transistor T3 in the off state. Therefore, even if VN1(L) is
slightly higher than OV at the time t1 for the reason described
above, VN1(L) is gradually decreased to OV during this
stand-by step S2. As aresult, the refresh operation for the case
L is “indirectly” performed.

[0206] However, this leakage current occurs in not only the
case L, but also the case H and the case M. Therefore, after
being refreshed to 5V and 3V, respectively, at a point in time
immediately after the step S1, VN1 of the case H and VN1 of
the case M are gradually decreased in the step S2. Thus, it is
desirable to repeat the refresh operation for the respective
cases H and M by conducting the refresh step S1 again after
the voltage states of the stand-by step S2 have been main-
tained for a certain period of time.

[0207] As described above, by repeating the refresh steps
S1 and the stand-by steps S2, the potential VN1 of the internal
nodes N1 in the respective cases H, M, and L can be restored
to the respective states of the last writing operation.

[0208] When the refresh operation is performed for the
respective pixel circuits in the conventional manner by con-
ducting a so-called “writing operation” through the source
line SL, it is necessary to scan every gate line GL one by one
in the vertical direction. Therefore, the high level voltage
application to the gate lines GL needs to be repeated for the
number of the gate lines (n). Also, the same potential level as
the potential level that was written by the last writing opera-
tion needs to be applied to each of the source lines SL, and
therefore, the charging and discharging operations need to be
repeated “n” number of times at maximum for each source
line SL.

[0209] In contrast, according to this embodiment, the
potential of the internal node N1, which is the voltage of the
pixel electrode 20, in every pixel circuit can be restored to the
potential state established by the writing operation, regardless
of'the voltage state of each internal node N1, only by applying
the pulse voltage twice during the refresh step S1 and by
maintaining a prescribed voltage state in the stand-by step
that follows. This allows for a significant reduction in the
number of times the voltage applied to the respective lines
needs to be changed in order to restore the potential of the
pixel electrode 20 in each pixel in one frame period, and
further, the control operation can be simplified. As a result,
the power consumption of the gate driver 14 and the source
driver 13 can be significantly reduced.

[0210] The above-mentioned self-refresh operation that
has been described with reference to FIG. 18 was based on the
pixel circuit 2A in FIG. 7, but it is apparent that the self-
refresh operation can be performed in the exactly same man-
ner for the modified pixel circuit shown in FIG. 8.

[0211] When a plurality of diodes D1 are provided in the
second switching circuit 23, in order to establish electrical
continuity between the source line SL and the internal node
N1, the potential difference between the source line SL and
the internal node N1 needs to be equal to or greater than a
value obtained by multiplying the turn-on voltage Vdn by the
number of the diodes D1 in the second switching circuit 23.
Therefore, when the second switching circuit 23 is provided
with two diodes D1, for example, the refresh input voltage
that is applied to the source line SL. must be as large as a sum
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ofthe refresh target voltage of each case and the first adjusting
voltage having a value twice as large as the turn-on voltage
Vdn. Except for this point, the self-refresh operation can be
performed in the same manner as FIG. 18.

[0212] Instead of the voltage application method shown in
FIG. 18, the following methods can also be employed.
[0213] (1) Inthe phase P1in FIG. 18, the refresh operation
for the case H was performed first, and thereafter the refresh
operation for the case M was performed, but this order can be
reversed.

[0214] The order of the step S1 and the step S2 is not
significant because the steps S1 and S2 are repeatedly con-
ducted.

[0215] (2) Inboth phases P1 and P2, 10V was applied to the
boost line BST. However, the voltage in the phase P1 needs to
be large enough to turn on the transistor T1 of the case H, and
the voltage in the phase P2 needs to be large enough to turn on
the transistor T1 of the case M. In the phase P2, because the
voltage that is applied to the source line SL is 3.6V, and the
threshold voltage of the transistor T3 is 2V, the voltage
applied to the boost line BST needs to be at least 5.6V without
taking account into the turn-on voltage Vdn of the diode D1,
and therefore, as long as the transistor T1 in the case M is
turned on, the voltage applied to the boost line BST in the
phase P2 can be made smaller than that of the phase P1.

[0216] (3) In the stand-by step S2, the high level voltage
(10V) was applied to the reference line REF for the period
from the time t3 to the time t4. This voltage is applied so as to
make the potential VN2 of the output node N2 equal to the
potential VN1 of the internal node N1. Therefore, the high
level voltage can be applied to the reference line REF at any
point during the step S2.

[0217] (4) In FIG. 18, after the refresh operation of the
phase P1 is completed in the refresh step S1, the source line
SL and the reference line REF are lowered to the low level
(0OV) before the start of the refresh operation of the phase P2.
However, the voltages applied to these lines are not necessar-
ily required to be reduced to the low level. As shown in FIG.
19, for example, between the phases P1 and P2, that is, while
thelevel of the boost line BST is reduced to the low level (0V),
the source line SL and the reference line REF may also be set
to the same values as those to be applied in the phase P2. This
configuration makes it possible to reduce the size of the
change in the voltages applied to the source line SL and the
reference line REF as compared with the case of FIG. 18.

[0218] (5) The embodiments above were configured to
repeat the refresh step S1 for the cases H and M and the
subsequent stand-by step S2 as a series of self-refresh opera-
tions. In contrast, the self-refresh operation may also be con-
figured such that, in the refresh step S1 in one term, the refresh
operation is performed for a prescribed gradation level, which
is followed by the stand-by step S2, and thereafter, in the
refresh step S1 in the subsequent term, the refresh operation is
performed for another gradation level (see FIG. 20). In FIG.
20, the refresh operation is performed for the nodes N1 of the
case H (P1) during the refresh step S1 in a term T1, and after
the stand-by step S2, the refresh operation for the nodes N1 of
the case M is performed (P2) during the refresh step S1 in a
subsequent term T2. As described, the target gradation level
for the refresh operation may be changed for every term.

[0219]

[0220] Next, the pixel circuit of Type 2 where the second
switching circuit 23 includes a series circuit of the transistor

Type 2
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T1, the diode D1, and the transistor T4, and the control
terminal of the transistor T4 is connected to the select line
SEL will be explained.

[0221] First, a case where the self-refresh operation is per-
formed for the Type 2 pixel circuit 2B shown in FIG. 9 will be
explained. This circuit differs from the pixel circuit 2A shown
in FIG. 7 in that the conducting state of the second switching
circuit 23 is controlled by not only the transistor T1 and the
diode D1, but also the transistor T4.

[0222] As described in Type 1, electrical continuity
between the source line SL and the internal node N1 is estab-
lished through the second switching circuit 23 only during the
refresh step S1. In each refresh step S1, the conducting state
of'the second switching circuit 23 was controlled by the diode
D1 and the transistor T1 so that it is turned on only for the
target case of the refresh operation. In the other cases, the
second switching circuit 23 was turned off by the diode D1
being reverse-biased or by the transistor T1 being off. This
scheme remains the same in Type 2.

[0223] The Type 2 is provided with the transistor T4, and in
order to control the conducting state of this transistor T4, the
select line SEL is also provided in addition to the boost line
BST. Therefore, by applying a voltage to the select line SEL
so as to keep the transistor T4 on during the refresh step S1,
the exactly same voltage state as that of Type 1 can be
achieved. A timing chart of this configuration is shown in
FIG. 21. In this case, the voltage applied to the select line SEL
was set to 10V.

[0224] It is also possible to apply a pulse voltage to the
select line SEL at the same timing as the application of the
boost voltage to the boost line BST. A timing chart of this
configuration is shown in FIG. 22.

[0225] It is apparent that the description above can also be
applied to the pixel circuits 2B shown in FIGS. 10 and 11 and
the pixel circuits 2C shown in FIGS. 12 to 15, and therefore,
the explanations thereof are omitted.

[0226] Type3

[0227] Next, the Type 3 pixel circuit where the second
switching circuit 23 includes a series circuit of the transistor
T1, the diode D1, and the transistor T4, and the control
terminal of the transistor T4 is connected to the boost line
BST will be explained.

[0228] The respective pixel circuits of Type 3 differ from
the respective pixel circuits of Type 2 in that the control
terminal of the transistor T4 is connected to the boost line
BST, and the select line SEL is not provided. Therefore,
unlike the Type 2 pixel circuits, the conducting state of the
transistor T4 is controlled by the boost line BST.

[0229] However, as shown in FIG. 22, the select line SEL in
Type 2 can be provided with pulsed voltages having the same
timing as the boost line BST to achieve the exactly same
voltage states as those of respective pixel circuits in Type 1.
This means that the exactly same voltage state can be
achieved even with the configuration where the control ter-
minal of the transistor T4 is connected to the boost line BST.
[0230] Thus, by adopting the same voltage state as that in
FIG. 18, the self-refresh operation can be performed for the
pixel circuit 2D of FIG. 16. This also applies to the pixel
circuit 2E in FIG. 17. The detailed explanations will be omit-
ted.

Embodiment 3

[0231] In Embodiment 3, a case where the self-refresh
operationis performed by a voltage application method that is
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different from Embodiment 2 will be explained with refer-
ence to figures. The self-refresh operation of this embodiment
is divided into the refresh step S1 and the stand-by step S2 in
a manner similar to Embodiment 2.

[0232] Embodiment 2 was configured to refresh only the
internal node N1 of the case H (written to high voltage) in the
phase P1, and to refresh only the internal node N1 of the case
M (written to medium voltage) in the phase P2, and the pulse
voltage needed to be applied to the boost line BST in both
phases P1 and P2, respectively, during the step S1.

[0233] Incontrast, this embodiment is configured to refresh
only the internal node N1 of the case M (written to medium
voltage) in the phase P1, and to refresh only the internal node
N1 of the case H (written to high voltage) in the phase P2 as
described below. In the step S1, the high level voltage is
applied to the boost line BST over the course of the phase P1
and the phase P2. This makes it possible to reduce the number
of times the voltage applied to the boost line BST needs to be
changed in the step S1, and as a result, the power consumption
in the self-refresh operation can be reduced. Below, this
operation will be explained in detail.

[0234] Typel

[0235] A self-refresh operation of this embodiment for the
Type 1 pixel circuit 2A will be explained with reference to a
timing chart in FIG. 23. As in Embodiment 2, the pixel circuit
2A described below is the pixel circuit 2A shown in FIG. 7.
[0236] Step S1/Phase P1

[0237] In the phase P1, the refresh target is the writing
nodes N1 (M) in the case M (medium voltage state).

[0238] Inthe step S1 starting at the time t1, the gate line GL
is provided with a voltage that turns the transistor T3 into a
complete off state, which is set to -5V here. Because the
transistor T3 remains off throughout the self-refresh opera-
tion, it is not necessary to change the voltage applied to the
gate line GL during the self-refresh operation.

[0239] The opposite voltage Vcom that is applied to the
opposite electrode 80 and a voltage that is applied to the
auxiliary capacitance line CSL are set to OV. However, they
are not limited to OV, and may also be the same voltage values
as those prior to the time t1. These voltages may stay constant
during the self-refresh operation as well.

[0240] At the time t1, the reference line REF is provided
with a voltage that turns the transistor T2 off when the internal
node N1 is in a voltage state (gradation level) of the refresh
target or a higher voltage state (high gradation level) and that
turns the transistor T2 on when the internal node N1 is in a
voltage state (low gradation level) that is lower than the volt-
age state (gradation level) of the refresh target. In the phase
P1, the refresh target is the second voltage state (case M), and
the reference line REF is provided with a voltage that turns the
transistor T2 off when the internal node N1 is in the second
voltage state (case M) or in the first voltage state (case H) and
that turns the transistor T2 on when the internal node N1 is in
the third voltage state (case L).

[0241] More specifically, because the threshold voltage V2
of the transistor T2 is 2V, when a voltage that exceeds 2V is
applied to the reference line REF, the transistor T2 in the case
L is turned on. On the other hand, when a voltage applied to
the reference line REF exceeds 5V, even the transistor T2 of
the case M, which is the target in the phase P1, is turned on.
Therefore, a voltage applied to the reference line REF needs
to be at least 2V, but no more than 5V. In the example of FIG.
23, 4.5V is applied to the reference line REF.
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[0242] When 4.5V is applied to the reference line REF, in
the pixel circuits with the potential VN1 of the internal nodes
N1being 2.5V or greater, the transistors T2 are turned off. On
the other hand, in the pixel circuits with VN1 being lower than
2.5V, the transistors T2 are turned on.

[0243] In the internal node N1 of the case M written to 3V
by the last writing operation, if the self-refresh operation is
performed before the voltage is decreased by 0.5V or greater
due to the occurrence of the leakage current, VN1 becomes
2.5V or greater, and therefore, the transistor T2 is turned off.
In the same manner, VN1 of the internal node N1 of the case
H written to 5V by the last writing operation becomes 2.5V or
greater, and therefore, transistor T2 is turned off. On the other
hand, the internal node N1 in the case L written to OV by the
last writing operation does not reach or exceed 2.5V even
when time has passed, and therefore, in this case, the transis-
tor T2 is turned on.

[0244] The source line SL is provided with a voltage that
equals to a sum of the target voltage of the internal node N1
that is to be restored by the refresh operation and the turn-on
voltage Vdn of the diode D1 (at time t2). In this case, because
the refresh target of the phase P1 of this embodiment is the
case M, the target voltage of the internal node N1 is 3V.
Therefore, when the turn-on voltage Vdn of the diode D1 is
0.6V, 3.6V is applied to the source line SL. The time t1 where
4.5V is applied to the reference line REF and the time t2
where 3.6V is applied to the source line SL. may coincide with
each other.

[0245] The target voltage of the internal node N1 corre-
sponds to the “refresh target voltage.” The turn-on voltage
Vdn of the diode D1 corresponds to the “first adjusting volt-
age.” The voltage that is actually applied to the source line SL
in the refresh step S1 corresponds to the “refresh input volt-
age.” In the phase P1, this refresh input voltage is 3.6V.
[0246] Theboostline BST is provided with a voltage within
a range that turns on the transistor T1 in the case M and the
case H and that turns off the transistor T1 in the case L (at time
13). As described above, in the cases M and H, the transistors
T2 are turned off, and in the case L, the transistor T2 is turned
on. The boost line BST is connected to one end of the boost
capacitance element Cbst. Therefore, when a high-level volt-
age is applied to the boost line BST, the potential of the other
end of the boost capacitance element Cbst, which is the poten-
tial of the output node N2, is boosted.

[0247] As described above, in the case M and the case H,
the transistors T2 are off during the phase P1. Therefore, the
size of the potential change in the node N2 caused by the
boosting is determined by the ratio of the boost capacitance
Cbst to the total capacitance attributed to the node N2. When
this ratio is 0.7, for example, if one electrode of the boost
capacitance element is increased by AVbst, the other elec-
trode, which is the node N2, is increased by about 0.7AVbst.
[0248] Inthe case M, the potential VN1(M) of the internal
node N1 at the time t1 is about 3V. If the gate of the transistor
T1, which is the output node N2, is provided with the poten-
tial that is higher than VN1(M) by at least the threshold
voltage of 2V, the transistor T1 is turned on. In this embodi-
ment, the voltage applied to the boost line BST at the time t1
is setto 10V, and therefore, the output node N2 is increased by
7V. Because the transistor T2 is turned on during the writing
operation, the potential of the node N2 immediately before
the time t1 is almost the same as that of the node N1 (about
3V). Therefore, by the boosting, the node N2 is increased to
about 10V. This makes the potential difference between the
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gate of the transistor T1 and the node N1 equal to or greater
than the threshold voltage, thereby turning the transistor T1
on.

[0249] Similarly, in the case H, the node N2 is increased to
about 12V by the boosting, and therefore, the transistor T1 is
turned on.

[0250] On the other hand, the case I where the transistor T2
is turned on in the phase P1 differs from the case M and the
case H in that the output node N2 and the internal node N1 are
electrically connected. In this case, the size of the potential
change of the output node N2 caused by the boosting is
affected by not only the total parasitic capacitance of the
boost capacitance Cbst and the total parasitic capacitance of
the node N2, but also the total parasitic capacitance of the
internal node N1.

[0251] The internal node N1 is connected to one end of the
auxiliary capacitance element Cs and one end of the liquid
crystal capacitance element Clc, and the total parasitic
capacitance Cp of this internal node N1 can be approximately
represented by the sum of the liquid crystal capacitance Clc
and the auxiliary capacitance Cs. A value of the boost capaci-
tance Cbst is significantly smaller than that of the liquid
crystal capacitance Cp. Therefore, the ratio of the boost
capacitance to the total capacitance becomes very small,
whichisabout 0.01 or smaller, for example. In this case, when
one electrode of the boost capacitance element is increased by
AVbst, the other electrode, which is the output node N2, is
increased only by about 0.01 AVbst at most. That is, in the
case L, even when AVbst is set to be 10V, the potential
VN2(L) of the output node N2 shows little increase.

[0252] In the case L, VN2(L) is about OV immediately
before the time tl. Therefore, even when the boosting is
performed at the time t1, the gate of the transistor T1 is not
provided with the potential that is high enough to turn the
transistor on. That is, unlike the case M, the transistor T1
remains off.

[0253] In the case M, the transistor T1 is turned on by the
boosting. The source line SL is provided with 3.6V, and
therefore, if the potential VN1(M) of the internal node N1 is
decreased slightly from 3V, the potential difference that is
equal to or greater than the turn-on voltage Vdn of the diode
D1 has been generated between the source line SL and the
internal node N1. This turns the diode D1 on in the direction
from the source line SL toward the internal node N1, thereby
allowing current to flow from the source line SL. toward the
internal node N1. As a result, the potential VN1(M) of the
internal node N1 increases. This potential increase continues
until the potential difference between the source line SL and
the internal node N1 becomes equal to the turn-on voltage
Vdn of the diode D1, and stops when the potential difference
reaches Vdn. In this case, because the voltage applied to the
source line SL is 3.6V, and the turn-on voltage Vdn of the
diode D1 is 0.6V, the potential VN1(M) of the internal node
N1 stops when it reaches 3V. The refresh operation in the case
M is performed in this way.

[0254] For the case H, the transistor T1 is turned on by the
boosting. However, because the source line SL is provided
with 3.6V, and even though the potential VN1(H) of the
internal node N1 has been slightly decreased from 5V, the
decrease amount is less than 1V, and the reverse bias state
from the source line SL toward the internal node N1 is cre-
ated. Therefore, due to the rectifying function ofthe diode D1,
electrical continuity between the source line SL and the inter-
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nal node N1 is not established. That is, the potential VN1(H)
of'the internal node N1 is not affected by the voltage applied
to the source line SL.

[0255] In the case L, because the transistor T1 is off, elec-
trical continuity between the source line SL and the internal
node N1 is not established. Thus, the potential VN1(L) of the
internal node N1 is not affected by the voltage applied to the
source line SL.

[0256] That is, in the phase P1, the refresh operation is
performed for the pixel circuits with the potential of the
internal nodes N1 being at least the refresh isolation voltage,
but no more than the refresh target voltage. In the phase P1,
the refresh isolation voltage was set to 2.5V (=4.5-2V), and
the refresh target voltage was set to 3V, and therefore, the
operation of refreshing the potential VN1 to 3V is performed
only for the pixel circuits with the potential VN1 of the
internal nodes N1 being at least 2.5V, but no more than 3V,
that is, the case M only.

[0257] Step S1/Phase P2

[0258] In the phase P2, the refresh target is the writing
nodes N1 (H) in the case H (high voltage state).

[0259] The voltage applied to the boost line BST remains
10V, continued from the phase P1.

[0260] At the time t4, the reference line REF is provided
with a voltage that turns off the transistor T2 when the internal
node N1 indicates a voltage state (case H) of the refresh target
and that turns on the transistor T2 when the internal node N1
indicates a voltage state (case M or L) that is lower than the
voltage state (case H) of the refresh target.

[0261] More specifically, because the threshold voltage V2
of'the transistor T2 is 2V, and the voltage VN1(M) of the node
N1 in the case M is 3V, by applying a voltage that is greater
than 5V (=2+3) to the reference line REF, the transistor T2 in
the case M can be turned on. It is apparent that the transistor
T2 is also turned on for the case L by this voltage application.
[0262] On the other hand, if a voltage that exceeds 7V is
applied to the reference line REF, the transistor T2 is turned
oneven in the case H. Therefore, technically, any voltage may
be applied to the reference line REF as long as it is between
5V and 7V. However, in the manner similar to the phase P1, it
is necessary to allow a certain degree of a margin in the
applied voltage, and therefore, the applied voltage is set to be
6.5V in this case, for example. This 6.5V corresponds to the
refresh reference voltage in the phase P2, and 4.5V, which is
a value obtained by subtracting the threshold voltage of the
transistor T2, corresponds to the refresh isolation voltage.
[0263] Withthis voltage application, if the potential VN1 of
the internal node N1 is at least 4.5V, which is the refresh
isolation voltage, the transistor T2 is turned off. On the other
hand, if VN1 of the pixel circuit is smaller than 4.5V, the
transistor T2 is turned on. That is, in the case H written to 5V
by the last writing operation, VN1 is at least 4.5V, and there-
fore, the transistor T2 is turned off. On the other hand, in the
case L written to OV by the last writing operation and in the
case M writtento 3V, VN1 is smaller than 4.5V, and therefore,
the transistor T2 is turned on.

[0264] The source line SL is provided with a voltage that
equals a sum of the target voltage of the internal node N1 that
is to be restored by the refresh operation and the turn-on
voltage Vdn of the diode D1 (at time t5). In the phase P2 of
this embodiment, the refresh target is the case H, and there-
fore, the target voltage of the internal node N1 is 5V. Thus,
when the turn-on voltage Vdn of the diode D1 is 0.6V, the
source line SL is provided with 5.6V. In this phase P2, the
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time t5 at which 5.6V is applied to the source line SL needs to
occur after the time t4 at which 6.5V is applied to the refer-
ence line REF for the reason described below.

[0265] In the case H, because the transistor T2 remains off
since the time of the phase P1 and the internal node N2
maintains the same potential state as that in the phase P1, the
transistor T1 is turned on. When 5.6V is applied to the source
line SL in this condition, if the potential VN1(H) of the
internal node N1 has been decreased slightly from 5V, the
potential difference that is equal to or greater than the turn-on
voltage Vdn of the diode D1 is generated between the source
line SL and the internal node N1. This turns on the diode D1
in the direction from the source line SL toward the internal
node N1, thereby allowing current to flow from the source
line SL toward the internal node N1. As a result, the potential
VN1(H) of the internal node N1 increases until the potential
difference between the source line SL and the internal node
N1 becomes equal to the turn-on voltage Vdn (=0.6V). That
is, VN1(H) is increased to 5V, and thereafter maintains that
potential. This way, the refresh operation for the case H is
performed.

[0266] An operation for the case M will be explained in
detail. At a point immediately before the time t4 when 6.5V is
applied to the reference line REF, the potential VN2(M) of the
node N2 is about 12V, and VN1(M) is 3V. When 6.5V is
applied to the reference line REF at the time t4 in this condi-
tion, the transistor T2 is turned on, and establishes electrical
conductance in the direction from the node N2 toward N1,
thereby allowing a current to flow in this direction. However,
as described above, the parasitic capacitance of the node N1
is significantly greater than the parasitic capacitance of the
node N2, and therefore, while the potential of the node N2 is
lowered by the current generated here, the potential of the
node N1 is not changed at all. The potential of the node N2
continues lowering until it reaches the same potential as that
ofthe node N1 (that is, 3V), and the potential decrease there-
after stops. Because the refresh operation for the case M has
been already performed in the phase P1, the potential VN2
(M) of the node N2 becomes the same as the potential VN1
(M) after that refresh operation.

[0267] When the potential of the node N2 becomes lower
than a voltage (5V) that is equal to the sum of the threshold
voltage (2V) of the transistor T1 and the potential of the node
N1, the transistor T1 is turned off. As described above,
because the potential change in the node N2 is stopped when
the potential thereof becomes the same as the potential of the
node N1, the off state of the transistor T1 continues thereafter.
Therefore, even if 5.6V is applied to the source line SL in this
condition, this voltage is not supplied to the node N1(M)
through the transistor T1. This means that the potential VN1
(M) of the internal node N1 is not affected by the voltage
(5.6V) applied to the source line SL in the phase P2.

[0268] Inother words, in order to prevent the internal node
N1 of the case M from receiving the voltage of 5.6V when
5.6V is supplied to the source line SL at the time t5, the
transistor T1 must be off at the time t5. At a point in time
immediately before the application of 6.5V to the reference
line REF, the transistor T1 of the case M is on, and in order to
turn it off, the potential VN2 of the node N2 must be lower
thanat least 5V after 6.5V is applied to the reference line REF.
Therefore, between the point in time where 6.5V is applied to
the reference line REF at the time t4 and the point in time
where the voltage applied to the source line SL is changed to
5.6V, there needs to be an enough time for the potential VN2
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of the node N2 to go below at least 5V. This means that the
time t5 where 5.6V is applied to the source line SL needs to
occur at least after the time t4 where 6.5V is applied to the
reference line REF. This is illustrated in FIG. 23 as a slight
time lag between the time t4 and the point in time where the
transistor T1(M) is turned into the off state from the on state.
[0269] Inthe case L, because the transistor T1 has been off
since the phase P1, electrical continuity between the source
line SL and the internal node N1 is not established. Thus, the
potential VN1(L) of the internal node N1 is not affected by the
voltage applied to the source line SL.

[0270] That is, in the phase P2, the refresh operation is
performed for the pixel circuits with the potential of the
internal nodes N1 being at least the refresh isolation voltage
and no more than the refresh target voltage. Because the
refresh isolation voltage was set to 4.5V (=6.5-2V), and the
refresh target voltage was set to 5V, the operation of refresh-
ing the potential VN1 to 5V is performed only for the pixel
circuits with the potential VN1 of the internal nodes N1 being
at least 4.5V, but no more than 5V, that is, the case H only.
[0271] After the refresh operation of the case H, the voltage
application to the boost line BST is stopped (at time t6), and
a high voltage (10V, in this case) is applied to the reference
line REF so as to turn on the transistors T2 in the respective
cases H, M, and L (at time t7). Thereafter, the voltage appli-
cation to the source line SL is stopped (at time t8). The order
of the times t6 to t8 is not limited to this, and they may also
take place at the same time.

[0272] Step S2

[0273] At the time t8 and beyond, the stand-by step S2
during which the previous voltage states are simply main-
tained is performed (times t8 through t9). Here, because the
reference line REF is provided with the high voltage, the
nodes N1 and N2 have the same potential level in the respec-
tive cases H, M, and L. In the same manner as Embodiment 2,
the stand-by step S2 is maintained for a significantly longer
period of time than the reference step S1.

[0274] As described above, according to the self-refresh
operation of this embodiment shown in FIG. 23, the number
of times the voltage applied to the boost line BST needs to be
changed can be reduced as compared with Embodiment 2
shown in FIG. 18, and therefore, it becomes possible to fur-
ther reduce the power consumption. It is apparent that the
description above applies to not only the pixel circuit 2A in
FIG. 7, but also the modified pixel circuit shown in FIG. 8 in
the same manner.

[0275] InEmbodiment 2, the order of the refresh operations
for the case H and for the case M can be reversed, but in this
embodiment where the voltage applied to the boost line BST
is changed only once, the refresh operation for the case H
must be performed after the refresh operation for the case M,
and these operations cannot be performed in reverse order.
This is because, if 10V is applied to the boost line BST first so
as to perform the refresh operation for the case H, the poten-
tial of the nodes N2 in the state of the case M cannot be
boosted, which creates a need to change the voltage applied to
the boost line BST again so as to perform the refresh opera-
tion for the case M.

[0276] Although 10V (avoltage that turns on the transistors
T2 in all of the cases H, M, and L) is applied to the reference
line REF immediately before the time t1 and during the stand-
by step S2 in this embodiment, it is also possible to apply 0V
to the reference line REF so as to turn the transistors T2 off as
described in Embodiment 2. However, by applying the volt-



US 2012/0212521 Al

age in the same manner as this embodiment, the number of
times the voltage applied to the reference line REF needs to be
changed can be reduced.

[0277] Type2

[0278] The Type 2 pixel circuit 2B shown in FIG. 9 includes
the transistor T4, and is provided with the select line SEL for
controlling the conducting state of this transistor T4, in addi-
tion to the boost line BST. Therefore, by applying a voltage to
the select line SEL so as to keep the transistor T4 on during the
refresh step S1, the exactly same voltage state as that of Type
1 can be achieved. FIG. 24 shows a timing chart of this
configuration. The voltage applied to the select line SEL was
set to 10V in this case.

[0279] It is also possible to apply a pulse voltage to the
select line SEL at the same timing as the application of the
boost voltage to the boost line BST. FIG. 25 shows a timing
chart of this configuration.

[0280] It is apparent that the description above applies to
not only the pixel circuit 2B shown in FIG. 9, but also the pixel
circuits 2B shown in FIGS. 10 and 11, and the pixel circuits
2C shown in FIGS. 12 to 15 as well. The detailed explanations
are omitted.

[0281] Type3

[0282] Therespective Type 3 pixel circuits 2D and 2E differ
from the respective Type 2 pixel circuits in that the control
terminal of the transistor T4 is connected to the boost line
BST, and the select line SEL is not provided. Therefore,
unlike the Type 2 pixel circuits, the conducting state of the
transistor T4 is controlled by the boost line BST.

[0283] However, as shownin FIG. 25, the select line SEL in
Type 2 can be provided with pulsed voltages having the same
timing as the boost line BST to achieve the exactly same
voltage states as those of respective pixel circuits in Type 1.
This means that the exactly same voltage state can be
achieved even with the configuration where the control ter-
minal of the transistor T4 is connected to the boost line BST.
[0284] Thus, by adopting the same voltage state as that of
FIG. 25, the self-refresh operation can be performed for the
pixel circuit 2D in FIG. 16 as well. This also applies to the
pixel circuit 2E in FIG. 17. The detailed explanations are
omitted.

Embodiment 4

[0285] In Embodiment 4, the writing operation in the con-
stant display mode will be explained with reference to figures.
[0286] In the writing operation of the constant display
mode, the pixel data for one frame is divided into respective
display lines extended in the horizontal direction (row direc-
tion), and in every horizontal period, voltages that correspond
to the pixel data for one display line are applied to the source
lines SL of respective columns. In the same manner as
Embodiment 2, the pixel data have three gradation levels.
That is, each source line SL is provided with one of a high
level voltage (5V), a medium level voltage (3V), and a low
level voltage (OV). By applying a selected row voltage 8V to
the gate line GL of the selected display line (selected row), the
first switching circuits 22 in all of the pixel circuits 2 of the
selected row are turned on, thereby transferring the voltages
ofthe source lines SL of the respective columns to the internal
nodes N1 of the respective pixel circuits 2 of the selected row.
[0287] The gate lines GL of the display lines other than the
selected display line (non-selected rows) are provided with a
non-selected row voltage -5V so as to turn off the first switch-
ing circuits 22 in all of the pixel circuits 2 of the selected row.
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The timing of the voltage applications to the respective signal
lines in the writing operation described below is controlled by
the display control circuit 11, and the individual voltage
applications are performed by the display control circuit 11,
the opposite electrode driver circuit 12, the source driver 13,
and the gate driver 14.

[0288] Typel

[0289] First, the Type 1 pixel circuit where the second
switching circuit 23 includes a series circuit of the transistor
T1 and the diode D1 only will be explained.

[0290] In FIG. 26, a timing chart of the writing operation
that uses the Type 1 pixel circuit 2A (FIG. 7) is shown. FIG.
26 illustrates respective voltage waveforms of two gate lines
GL1 and GL2, two source lines SL1 and SL2, the reference
line REF, the auxiliary capacitance line CSL, and the boost
line BST as well as a voltage waveform of the opposite
voltage Vcom in one frame period.

[0291] Further, FIG. 26 shows waveforms of the potential
VN1 of each internal node N1 in four pixel circuits 2A. These
four pixel circuits 2A include a pixel circuit 2A(a) that is
selected by the gate line GL1 and the source line SL1, a pixel
circuit 2A(b) that is selected by the gate line GL1 and the
source line SL2, a pixel circuit 2A(c) that is selected by the
gate line GL.2 and the source line SL.1, and a pixel circuit
2A(d) that is selected by the gate line GL.2 and the source line
SL2. In the figure, each of the characters (a) through (d) is
added to the corresponding internal node potential VN1 to
make a distinction.

[0292] One frame period is divided into numerous horizon-
tal periods in accordance with the number of the gate lines
GL, the respective horizontal periods are assigned with the
gate lines GL1 to GLn in that order as the gate lines to be
selected in the corresponding horizontal periods. FIG. 26
shows a voltage change in the two gate lines GL.1 and GL.2 in
the first two horizontal periods. In the first horizontal period,
the selected row voltage 8V and the non-selected row voltage
-5V are applied to the gate line GL1 and the gate line GL.2,
respectively. In the second horizontal period, the selected row
voltage 8V and the non-selected row voltage -5V are applied
to the gate line GL.2 and the gate line GL1, respectively. In the
horizontal periods that follow, the non-selected row voltage
-5V is applied to both the gate lines GL.1 and GL2.

[0293] The source line SL of each column is provided with
a voltage (5V, 3V, or OV) that corresponds to pixel data of a
corresponding display line in every horizontal period. FIG. 26
shows two source lines SL.1 and SL2 to represent the respec-
tive source lines SL. In FIG. 26, in order to illustrate a change
in the potential VN1 of the internal node N1, the voltages of
the two source lines SL.1 and SL.2 are specified as 5V, 3V, or
OV in the first two horizontal periods. In the subsequent
periods, a voltage of one of the three values is applied to each
line in accordance with pixel data. In FIG. 26, these voltages
are shown as “D” so as to indicate that the voltage values are
data-dependent.

[0294] FIG. 26 shows a case where the high level voltage is
written in the pixel circuit 2A(a), and the low level voltage is
written in the pixel circuit 2A(b), respectively, in the first
horizontal period h1, and the medium level voltage is written
in the pixel circuits 2A(c) and 2A(d) in the second horizontal
period h2, for example.

[0295] In the description below, in the respective pixel cir-
cuits 2A(a) to 2A(d) at a point in time immediately before the
writing operation, the pixel circuit 2A(a) is written to about
0V (low voltage state), the pixel circuits 2A(b) and 2A(c) are
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written to about 3V (medium voltage state), and the pixel
circuit 2A(d) is written to about 5V, respectively, for example.
The term “about” is used here to take into account the poten-
tial change that occurs over time due to the leakage current or
the like as described in Embodiment 2 above.

[0296] That is, by the writing operation of this embodi-
ment, the pixel circuit 2A(a) is written from 0V to 5V, the
pixel circuit 2A(b) is written from 3V to 0V, the pixel circuit
2A(c) is written to 3V again, and the pixel circuit 2A(d) is
written from 5V to 3V.

[0297] During the writing operation period (one frame
period), the reference line REF is provided with a voltage that
keeps the transistors T2 on, regardless of the voltage state of
the internal nodes N1. In this case, the voltage was set to 8V.
This voltage may be set to any values as long as it is greater
than the sum of the threshold voltage (2V) of the transistor T2
and the potential VN1 (5V) of the internal node N1 in the high
voltage state. This establishes an electrical connection
between the output node N2 and the internal node N1, which
makes it possible to stabilize the internal node potential VN1
by using the auxiliary capacitance element Cs connected to
the internal node N1.

[0298] Because the boosting is not performed during the
writing operation period, a low level voltage (OV in this case)
is applied to the boost line BST. A prescribed fixed voltage
(0V, for example) is applied to the auxiliary capacitance line
CSL. Although the opposite voltage Vcom is controlled by
the above-mentioned opposite AC driving, during one frame
period, it stays at a high level (5V) or a low level (OV). In FIG.
26, the opposite voltage Vcom is fixed to OV.

[0299] In the first horizontal period hl, the selected row
voltage is applied to the gate line GL1, and voltages that
correspond to the pixel data are applied to the respective
source lines SL. Among the pixel circuits that are connected
to the gate line GL1 through the control terminals of the
transistors T3, 5V is to be written in the pixel circuit 2A(a),
and OV is to be written in the pixel circuit 2A(b). Therefore,
5V is applied to the source line SL.1, and OV is applied to the
source line SL2, respectively. Other source lines are respec-
tively provided with voltages that correspond to the pixel data
in the manner similar to above.

[0300] Inthe first horizontal period hl, because the transis-
tors T3 are turned on in both the pixel circuits 2A(a) and
2A(b), the voltages applied to the source lines SL are written
in the internal nodes N1 through the transistors T3, respec-
tively.

[0301] On the other hand, during the first horizontal period
h1, in other pixel circuits in which the control terminals of the
transistors T3 are connected to gate lines GL other than the
gate line GL1, the transistors T3 are not turned on, and there-
fore, the voltages applied to the source lines SL are not pro-
vided to the internal nodes N1 through the first switching
circuits 22.

[0302] Referring to the pixel circuit 2A(c) that is selected
by the gate line GL2 and the source line SL1, because the
control terminal of the transistor T3 in the pixel circuit 2A(c)
is connected to the gate line GL2, the transistor T3 is not
turned on as described above, and therefore, the voltage (5V)
applied to the source line SL1 is not written in the internal
node N1 through the first switching circuit 22.

[0303] Immediately before the writing, the potential VN1
(c) of the internal node N1 is about 3V, and because the
internal node N1 and the output node N2 have the same
potential, the gate potential of the transistor T1 also becomes
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about 3V. At this point, the source line SL1 is provided with
5V, and therefore, the transistor T1 is not turned on. This
means that the voltage applied to the source line SL1 is not
written in the internal node N1 through the second switching
circuit 23 either.

[0304] Thus, during the first horizontal period hl, the
potential VN1(c) maintains the same value since immediately
before the writing operation.

[0305] Next, referring to the pixel circuit 2A(d) that is
selected by the gate line GL.2 and the source line SL.2, because
the control terminal of the transistor T3 in the pixel circuit
2A(d) is also connected to the gate line GL2, the transistor T3
is not turned on like the pixel circuit 2A(c). Therefore, the
voltage (0V) applied to the source line SL.2 is not written in
the internal node N1 through the first switching circuit 22.
[0306] Immediately before the writing, the potential VN1
(d) of the internal node N1 is about 5V, and because the source
line SL.2 is provided with 0V, a reverse-bias voltage is applied
to the diode D1. Therefore, the voltage (0V) applied to the
source line SL.2 is not provided to the internal node N1
through the second switching circuit 23.

[0307] This means that, during the first horizontal period
h1, the potential VN1(d) also maintains the same value since
immediately before the writing operation.

[0308] On the other hand, in the second horizontal period
h2, in order to write 3V in the pixel circuits 2A(c) and 2A(d),
respectively, the selected row voltage is applied to the gate
line GL.2, the non-selected row voltage is applied to the other
gate lines GL, and 3V is applied to the respective source lines
SL1 and SL2. Other source lines SL are also provided with
voltages that correspond to pixel data of the respective pixel
circuits that are selected by the gate line GL2. In the pixel
circuits 2A(c) and 2A(d), the voltage applied to the source
lines SL are provided to the internal nodes N1 through the first
switching circuits 22, respectively. In the pixel circuits 2A(a)
and 2A(b), in contrast, because the first switching circuits 22
are off, and the second switching circuits 23 are also off due
to the diode D1 being reverse-biased or the transistor T1 being
off, the voltages applied to the source lines SL are not pro-
vided to their internal nodes N1.

[0309] By applying voltages in the manner described
above, in the selected pixel circuits only, the voltages that
correspond to pixel data are provided from the source lines SL
to the respective internal nodes N1 through the first switching
circuits 22.

[0310] In the embodiment above, the description has been
made for the case where the pixel circuit 2A shown in FIG. 7
is used as each pixel circuit, but it is apparent that the writing
operation can be performed in the same manner even when
the pixel circuit 2A shown in FIG. 8 is used.

[0311] Type2

[0312] Next, the pixel circuit of Type 2 where the second
switching circuit 23 includes a series circuit of the transistor
T1, the diode D1, and the transistor T4, and the control
terminal of the transistor T4 is connected to the select line
SEL will be explained.

[0313] As described above, Type 2 includes the pixel cir-
cuits 2B (FIGS. 9 to 11) where the first switching circuit 22 is
made of the transistor T3 only, and the pixel circuits 2C
(FIGS. 12 to 15) where the first switching circuit 22 includes
a series circuit of the transistors T3 and T4 (or T5).

[0314] As described in Type 1, in the writing operation, the
second switching circuit 23 is turned off, and a voltage is
applied to the internal node N1 from the source line SL
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through the first switching circuit 22. In the pixel circuit 2B,
by keeping the transistor T4 in the off state, the second
switching circuit 23 can be turned off reliably during the
writing operation. Other than that point, the writing operation
can be performed in the same manner as Type 1. FIG. 27
shows a timing chart for the writing operation using the Type
2 pixel circuit 2B (FIG. 9). In FIG. 27, -5V is applied to the
select line SEL so as to keep the transistor T4 off during the
writing operation period.

[0315] On the other hand, as shown in FIGS. 12 to 15, when
the first switching circuit 22 includes a series circuit of the
transistors T3 and T4 (or T5), it becomes necessary to turn on
both transistors T3 and T4 (or T5) in the writing operation so
that the first switching circuit 22 is turned on. In the pixel
circuit 2C shown in FIG. 15, the transistor T5 is provided in
the first switching circuit 22, but because the control terminal
of this transistor T5 is connected to the control terminal of the
transistor T4, the conducting state of the first switching circuit
22 is controlled through the conduction control of the tran-
sistor T4 in the same manner as the other pixel circuits 2C.

[0316] Thus, unlike the pixel circuits 2B where all select
lines SEL are controlled in the same manner, the select lines
SEL in the pixel circuit 2C need to be controlled separately
for every row in the same manner as the gate lines GL. That is,
the select lines SEL are arranged such that each row is pro-
vided with one select line SEL, and the number of the select
lines SEL must be the same as that of the gate lines GL1 to
GLn. The selected lines SEL are selected sequentially in the
same manner as the gate lines GL1 to GLn.

[0317] FIG. 28 shows a timing chart of the writing opera-
tion for the Type 2 pixel circuit 2C (FIG. 12). In FIG. 28,
changes in voltages of the two select lines SEL1 and SEL2 in
the first two horizontal periods are illustrated. In the first
horizontal period, the select voltage 8V and the non-select
voltage -5V are applied to the select line SEL1 and the select
line SEL2, respectively. In the second horizontal period, the
select voltage 8V and the non-select voltage -5V are applied
to the select line SEL.2 and the select line SEL1, respectively.
In the subsequent horizontal periods, the non-select voltage
-5V isapplied to both select lines SEL1 and SEL2. Except for
that point, this timing chart is the same as the timing chart of
the writing operation of the Type 1 pixel circuit 2A shown in
FIG. 26. This makes it possible to achieve the same voltage
state as that of the Type 1 pixel circuit 2A shown in FIG. 26.
The detailed explanation is omitted.

[0318] Type3

[0319] Next, the Type 3 pixel circuit will be explained. In
the Type 3 pixel circuit, the second switching circuit 23
includes a series circuit of the transistor T1, the diode D1, and
the transistor T4, and the control terminal of the transistor T4
is connected to the boost line BST.

[0320] The Type 3 pixel circuit differs from Type 2 only in
that the select line SEL is not provided, and the control
terminal of the transistor T4 is connected to the boost line
BST. Therefore, voltages may be applied to the boost line
BST in a manner similar to the voltage application to the
select line SEL in Type 2. FIG. 29 shows a timing chart of the
writing operation for the Type 3 pixel circuit 2D (FIG. 16).
[0321] Here, the reference line REF is provided with 8V,
thereby keeping the transistor T2 on, and even when the
voltage applied to the boost line BST is increased, the poten-
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tial VN2 of the output node N2 is not increased almost at all,
and therefore, the transistor T1 is not turned on.

Embodiment 5

[0322] In Embodiment 5, a relationship between the self-
refresh operation and the writing operation in the constant
display mode will be explained.

[0323] In the constant display mode, after the writing
operation is performed for the pixel data of one frame, the
writing operation is not performed for a certain period of
time, and the display content obtained by the last writing
operation is maintained.

[0324] By the writing operation, a voltage is provided to the
internal node N1 (pixel electrode 20) of each of the pixels
through the corresponding source line SL. Thereafter, the
gate line GL is reduced to the low level so as to turn the
transistor T3 off. However, because the electrical charge that
has been accumulated by the last writing operation exists in
the pixel electrode 20, the potential VN1 of the internal node
N1 is maintained. That is, the voltage Vlc between the pixel
electrode 20 and the opposite electrode 80 is maintained. This
makes it possible to continuously apply the voltage required
to display the image data across the terminals of the liquid
crystal capacitance Clc even after the completion of the writ-
ing operation.

[0325] When the potential of the opposite electrode 80 is
fixed, the liquid crystal voltage Vic becomes dependent on the
potential of the pixel electrode 20. This potential is changed
over the course of time by the leakage current of the transistor
in the pixel circuit 2. When the potential of the source line SL.
is lower than the potential of the internal node N1, for
example, the leakage current is generated in the direction
from the internal node N1 toward the source line SL, causing
the potential VN1 ofthe internal node N1 to reduce over time.
In contrast, when the potential of the source line SL is higher
than the potential of the internal node N1 (when the low
voltage state is written, in particular), the leakage current is
generated in the direction from the source line SL toward the
internal node N1, causing VN1 to increase over time. That is,
as time goes by without the writing operation from the out-
side, the liquid crystal voltage Vic is gradually changed,
resulting in a change in the displayed image.

[0326] Inthe normal display mode, even when a still image
is displayed, the writing operation is performed for all of the
pixel circuits 2 in every frame. Therefore, the amount of
electrical charge accumulated in the pixel electrode 20 needs
to be maintained during one frame period only. Because the
size of potential change in the pixel electrode 20 during one
frame period is very small, the effects of the potential change
in this period on the displayed image data is not significant
enough to be visually recognized. Thus, in the normal display
mode, the potential change in the pixel electrode 20 poses
almost no problem.

[0327] Incontrast,inthe constant display mode, the writing
operation is not performed in every frame. Therefore, during
a period in which the potential of the opposite electrode 80
remains the same, the potential of the pixel electrode 20 needs
to be maintained. In some cases, the same potential needs to
be maintained over several frames. However, when the writ-
ing operation is not performed for several frame periods, the
potential of the pixel electrode 20 is changed gradually due to
the occurrence of the leakage current as described above. As
a result, the displayed image data may be changed signifi-
cantly enough to be visually recognized.
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[0328] In order to prevent such a phenomenon, in the con-
stant display mode, a combination of a self-polarity reversal
operation and the writing operation is performed in a manner
illustrated with a flowchart in FIG. 30 so as to achieve a
significant reduction in power consumption while suppress-
ing the potential change in the pixel electrode.

[0329] First, the writing operation of the pixel data for one
frame in the constant display mode is performed in the man-
ner described in Embodiment 4 above (step #1).

[0330] After the writing operation in the step #1, the self-
refresh operation is performed in the manner described in
Embodiment 2 above (step #2). As described above, the self-
refresh operation includes the refresh step S1 and the stand-
by step S2.

[0331] When a request for the writing operation for new
pixel data (data overwriting), the external refresh operation,
or the external polarity reversal operation is received during
the period of the stand-by step S2 (YES in step #3), the
process goes back to the step #1, and the writing operation is
performed for the new pixel data or the previous pixel data.
When such a request is not received during the period of the
stand-by step S2 (NO in the step #3), the process goes back to
the step #2, and the self-refresh operation is performed again.
This makes it possible to suppress the change of the displayed
image caused by the effects of the leakage current.

[0332] When therefresh operation is to be performed by the
writing operation instead of the self-refresh operation, the
power consumption is represented by the relational expres-
sion in Formula 1 above. However, when the self-refresh
operations are repeatedly performed with the same refresh
rate, and when the respective pixel circuits are configured to
hold the respective three values of pixel data, the voltages for
all of the source lines are driven twice as described in
Embodiment 4, and therefore, the variable “n” in Formula 1
becomes 2. Further, if the display resolution (the number of
pixels) is for VGA, “m” equals 1920, and “n” equals 480, and
therefore, the power consumption is expected to be reduced
by a ratio of one to two hundred forty.

[0333] In this embodiment, the self-refresh operation is
combined with the external refresh operation or the external
polarity reversal operation. This is to address the following
problem: even though the pixel circuits 2 function properly at
first, when a defect is caused in the second switching circuit
23 or in the control circuit 24 by age-related degradation, the
self-refresh operation may not be able to run properly in some
of the pixel circuits 2, although the writing operation can be
performed with no problem. That is, when only the self-
refresh operation is used, once the display degradation occurs
in some of the pixel circuits 2, the same pixel circuits 2 would
always have the problem. However, by using the external
polarity reversal operation concurrently, it becomes possible
to prevent the display defect from chronically appearing in
the same pixel circuits.

Embodiment 6

[0334] In Embodiment 6, the writing operation in the nor-
mal display mode will be explained for each of the Types with
reference to figures.

[0335] Inthe writing operation in the normal display mode,
pixel data for one frame is divided into the respective display
lines disposed in the horizontal direction (row direction). In
every horizontal period, analog voltages of multiple grada-
tion levels each corresponding to pixel data of one display line
are respectively applied to the source lines SL of the respec-
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tive columns. The selected row voltage 8V is applied to the
gate line GL of the selected display line (selected row) so that
the first switching circuits 22 in all of the pixel circuits 2
connected to the selected row are turned on, thereby transfer-
ring the voltages applied to the source lines SL of the respec-
tive columns to the internal nodes N1 of the respective pixel
circuits 2 in the selected row. The non-selected row voltage
-5V is applied to the gate lines GL (non-selected rows) other
than the selected display line, thereby turning off the first
switching circuits 22 in all of the pixel circuits 2 connected to
the selected row.

[0336] The writing operation of the normal display mode
differs from that of the constant display mode in that the
opposite voltage Vcom is changed in every horizontal period
(opposite AC driving), and the auxiliary capacitance line CSL
is driven with the voltage that varies so as to follow the
opposite voltage Vcom. Because the pixel electrode 20 is not
only capacitively coupled with the opposite electrode 80
through the liquid crystal layer, but also capacitively coupled
with the auxiliary capacitance line CSL through the auxiliary
capacitance element Cs, if the voltage of the auxiliary capaci-
tance element Cs is fixed, only Vcom is changed in Formula
2. This would induce variations in the liquid crystal voltage
Vlc of the pixel circuits 2 in the non-selected rows. By driving
all of the auxiliary capacitance lines CSL with the same
voltage as the opposite voltage Vcom, the voltages of the
opposite electrode 80 and the pixel electrode 20 are changed
in the same voltage direction, thereby cancelling the effect of
the opposite AC driving.

[0337] The writing operation of the normal display mode is
performed on the same principle as the writing operation of
the constant display mode except that the opposite AC driving
is performed, and that the source lines SL are provided with
the analog voltages for more gradation levels than the con-
stant display mode, and therefore, the detailed explanations
are omitted. FIG. 31 shows a timing chart of the writing
operation in the constant display mode for the Type 1 pixel
circuit 2A (FIG. 7). Because the analog voltages for multiple
gradation levels applied to the source lines SL are changed in
accordance with the pixel data of an analog display line, and
therefore cannot be uniquely determined to take certain val-
ues between the minimum value VL and the maximum value
VH, the applied voltages are indicated by hatching the corre-
sponding areas in FIG. 31.

[0338] Similarly, FIG. 32 shows a timing chart of the writ-
ing operation performed by using the Type 2 pixel circuit 2C
(FIG. 12).

[0339] Inthis embodiment, the polarity of each display line
is reversed in every horizontal period during the writing
operation in the normal display mode. This scheme is adopted
in order to solve below-described problems that arise when
the polarity is reversed in every frame period. Other methods,
such as conducting the polarity reversal for every column, or
conducting the polarity reversal for each row and each col-
umn simultaneously in every pixel, can also be used to solve
the same problems.

[0340] Assuming thatthe positive liquid crystal voltage Vlc
is applied to all of the pixels in a frame F1, and that the
negative liquid crystal voltage Vlc is applied to all of the
pixels in a subsequent frame F2, even though the voltage of
the same absolute value is applied to the liquid crystal layer
75, a slight difference may occur in light transmittance
between the positive voltage and the negative voltage. When
a still image of high quality is displayed, this small difference
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may cause a very small change in the display condition
between the frame F1 and the frame F2. Even when a moving
image is displayed, a very small change in the display condi-
tion may occur in a display section where the display content
remains the same between the frames. In displaying a still
image or a moving image of high quality, it is possible that
such a very small change is visually recognized.

[0341] Because the normal display mode is configured to
display those high quality still images or moving images, the
above-mentioned very small change may be visually recog-
nized. In order to prevent such a phenomenon, this embodi-
ment is configured to reverse the polarity for every display
line in the same frame. This way, the polarity of the applied
liquid crystal voltages Vlc can be changed between the
respective display lines in the same frame, making it possible
to suppress the effects of the polarity of the liquid crystal
voltage Vic on the display image data.

Other Embodiments

[0342] Other embodiments will be explained below.
[0343] 1. In the above-mentioned embodiments, the con-
stant display mode, for which the self-refresh operation is
performed, has been explained as a display mode that has less
display colors than the normal display mode. However, it is
also possible to perform the liquid crystal display by the
constant display mode alone by increasing the gradation lev-
els so as to increase the number of display colors to a certain
degree. In this case, even though the full color display that can
be achieved by the normal display mode cannot be obtained,
for a screen that does not require many colors to display, it is
possible to use the constant display mode of the present
invention alone.

[0344] When the number of gradation levels is increased,
the number of pulses applied in the self-refresh operation in
Embodiment 2, i.e., the number of phases in the refresh step
S1, is also increased. In Embodiment 2, the two phases of the
phases P1 and P2 were provided to achieve the three values,
but when the gradation levels are increased to four, three
phases are required, and when the gradation levels are
increased to five, four phases are required.

[0345] On the other hand, according to the method
described in Embodiment 3, the voltage applied to the refer-
ence line REF and the voltage applied to the source line SL are
changed for a certain number of time (the number of grada-
tion levels —1) while the voltage applied to the boost line BST
remains the same since the start of the phase P1.

[0346] Although the pixel data values in the constant dis-
play mode in the respective embodiments above were set to
5V, 3V, and OV, it is apparent that the pixel data values are not
limited to such values.

[0347] 2. Withregard to the Type 2 pixel circuits 2B (FIGS.
9 to 11), in the writing operations in the normal display mode
and in the constant display mode, the transistor T2 may be
turned off by applying a low-level voltage to the reference line
REF. This makes it possible to electrically separate the inter-
nal node N1 and the output node N2 from each other, which
makes the potential of the pixel electrode 20 unaffected by the
voltage of the output node N2 before the writing operation. As
a result, the voltage applied to the source line SL can be
accurately reflected in the voltage of the pixel electrode 20,
allowing the image data to be displayed without error.
[0348] 3.Inthe embodiments above, all of the pixel circuits
2 arranged on the active matrix substrate 10 are configured to
include the second switching circuits 23 and the control cir-
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cuits 24, respectively. When two types of pixel sections,
which are a transmissive pixel section that performs a trans-
missive liquid crystal display and a reflective pixel section
that performs a reflective liquid crystal display, are provided
on the active matrix substrate 10, the second switching cir-
cuits 23 and the control circuits 24 may be respectively pro-
vided in the pixel circuits in the reflective pixel section only,
and in such a case, the pixel circuits in the transmissive
display section are not provided with the second switching
circuits 23 or the control circuits 24.

[0349] In this case, in the normal display mode, the image
display is performed by the transmissive pixel section, and in
the constant display mode, the image display is performed by
the reflective pixel section. With this configuration, the num-
ber of elements formed on the entire active matrix substrate
10 can be reduced.

[0350] 4. Although each of the pixel circuits 2 in the
embodiments above includes the auxiliary capacitance ele-
ment Cs, they may also be configured without the auxiliary
capacitance element Cs. However, in order to make the poten-
tial of the internal node N1 more stable, and to thereby
securely stabilize displayed images, this auxiliary capaci-
tance element Cs is preferably provided.

[0351] 5. The embodiments above were configured such
that the display element unit 21 in each pixel circuit 2 is
constituted of the unit liquid crystal display element Clc only.
However, as shown in FIG. 33, it is also possible to employ a
configuration where an analog amplifier Amp (voltage ampli-
fier) is provided between the internal node N1 and the pixel
electrode 20. An example shown in FIG. 33 is configured such
that the auxiliary capacitance line CSL and a power line Vce
are used as power source lines for the analog amplifier Amp.

[0352] Inthiscase, the voltage provided to the internal node
N1 is amplified by the analog amplifier Amp in accordance
with a prescribed amplification factor m, and the amplified
voltage is supplied to the pixel electrode 20. This configura-
tion allows a very small change in the voltage of the internal
node N1 to be reflected in a displayed image.

[0353] With this configuration, when the self-polarity
reversal operation is performed in the constant display mode,
because the voltage ofthe internal node N1 is amplified by the
amplification factor 1, and is supplied to the pixel electrode
20, by adjusting the difference between the voltage in the first
voltage state and the voltage in the second voltage state sup-
plied to the source line SL, it becomes possible to make the
voltages in the first and the second states that are applied to the
pixel electrode 20 coincide with the high level and the low
level voltages of the opposite voltage Vcom, respectively.

[0354] 6. The embodiments above were configured to use
n-channel polycrystalline silicon TFTs as the transistors T1 to
T4 in the pixel circuit 2. However, a configuration where
p-channel TFTs are used, and a configuration where amor-
phous silicon TFTs are used are also possible. In this case, by
reversing the magnitude relationship among respective volt-
ages, by reversing the rectifying direction of the diode D1,
and by making other appropriate changes, the pixel circuit 2
can be operated in the same manner as the respective embodi-
ments, and therefore, the same effects can be obtained.

[0355] 7. Inthe embodiments above, the liquid crystal dis-
play device has been described as an example, but the present
invention is not limited to such, and the present invention can
be used for any display devices that have a capacitance cor-
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responding to the pixel capacitance Cp for holding the pixel
data and that display an image in accordance with the voltage
held in the capacitance.

[0356] Forexample, the present invention can be applied to
an organic EL (Electroluminescenece) display device that
displays an image in accordance with the voltage correspond-
ing to the pixel data held in a capacitance that corresponds to
the pixel capacitance, and in particular, the present invention
can be used for the self-refresh operation of such a device.
FIG. 34 shows a circuit diagram illustrating an example of a
pixel circuit of such an organic EL display device. In this pixel
circuit, a voltage held in an auxiliary capacitance Cs as pixel
data is provided to the gate terminal of a driver transistor Tdv
that is constituted of a TFT, and a current corresponding to
that voltage flows into a light-emitting element OLED
through the driver transistor Tdv. Thus, the auxiliary capaci-
tance Cs corresponds to the pixel capacitance Cp of the
respective embodiments above.

[0357] Unlike the liquid crystal display device where the
image display is performed by applying a voltage across
electrodes so as to control the light transmittance, in the pixel
circuit shown in FIG. 34, the image display is performed by
making an electrical current flow through an element so that
the element itself emits light. Because of the rectifying prop-
erty of the light-emitting element, the polarity of the voltage
applied across the element cannot be reversed, nor is it nec-
essary to reverse the polarity.

[0358] 8.InEmbodiment 2, the self-refresh operation of the
Type 2 pixel circuit has been explained with reference to the
timing charts in FIGS. 21 and 22. The Type 2 pixel circuits 2B
and 2C (FIGS. 9 to 15) respectively include the transistors T4
and, in addition to the boost lines BST, the select lines SEL
that are connected to the gate terminals of T4. Therefore, in
this type of pixel circuits, the timing to apply a voltage to the
boost line BST and the timing to turn on the transistor T4 can
be made different on purpose.

[0359] By taking advantage of this configuration, in per-
forming the self-refresh operation for the Type 2 pixel circuits
2B and 2C, a timing of voltage application to the select line
SEL may be delayed a little from a timing of voltage appli-
cation to the reference line REF and the boost line BST.
[0360] As described above, the reference line REF is pro-
vided with a voltage within a range that turns T2 on in a pixel
of a gradation level that is lower than the refresh target gra-
dation level. Therefore, even when a voltage is applied to the
boost line BST in this condition, the potential of the nodes N2
in such a pixel is not boosted, and as a result, the transistor T1
thereof is not turned on.

[0361] However, depending on the effects of the capability
of'the transistor, the parasitic capacitance of the node, or other
factors, even when the transistor T2 is turned on, the potential
of'the node N2 may be temporarily increased with the voltage
application to the boost line BST. In this case, the transistor
T1 is turned on at that point, and as a result, the voltage of the
pixel may be overwritten with a voltage of another gradation.
[0362] In contrast, by turning the transistor T4 on a little
after the voltage is applied to the boost line BST, even when
the potential of the node N2 is temporarily increased and the
transistor T1 is turned on during that time, because the tran-
sistor T4 is off, the electrical continuity between the source
line SL and the node N1 can be broken by the transistor T4.
Even if the potential of the node N2 is temporarily increased,
the electrical charge is subsequently absorbed by the parasitic
capacitance at the node N1. This lowers the potential at N2.
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This turns the transistor T1 off, and therefore, even when the
node T4 is turned on, the node N1 is not overwritten with the
voltage applied to the source line SL in the pixel circuits
having a gradation level lower than the refresh target grada-
tion level.

[0363] As described above, in the Type 2 pixel circuits in
particular, because the timing of voltage application to the
select line SEL can be controlled independently from the
timing of voltage application to the boost line BST, by slightly
delaying the voltage application timing of the select line SEL
relative to the application timing to the boost line BST, an
erroneous operation where the pixel is written with an erro-
neous gradation can be prevented more reliably.

[0364] This method can also be used for the timing chart of
Embodiment 3 shown in FIG. 25. That is, in FIG. 25, the
timing of voltage application to the select line SEL can be
delayed so that it occurs slightly after t3.

[0365] Although the refresh operation utilizing this method
cannot be performed for Type 1 or Type 3, a possibility for the
above-mentioned erroneous operation to occur is small to
begin with, and therefore, the original gradation level can be
properly restored even with the refresh operation utilizing the
method described in Embodiment 2.

DESCRIPTION OF REFERENCE CHARACTERS

[0366] 1 liquid crystal display device
[0367] 2 pixel circuit

[0368] 2A, 2B, 2C, 2D, 2E pixel circuit
[0369] 10 active matrix substrate

[0370] 11 display control circuit

[0371] 12 opposite electrode driver circuit
[0372] 13 source driver

[0373] 14 gate driver

[0374] 20 pixel electrode

[0375] 21 display element unit

[0376] 22 first switching circuit

[0377] 23 second switching circuit

[0378] 24 control circuit

[0379] 74 sealing material

[0380] 75 liquid crystal layer

[0381] 80 opposite electrode

[0382] 81 opposite substrate

[0383] Amp analog amplifier

[0384] BST boost line

[0385] Cbst boost capacitance element
[0386] Clc liquid crystal display element
[0387] CML opposite electrode wiring line
[0388] CSL auxiliary capacitance line
[0389] Cs auxiliary capacitance element
[0390] Ct timing signal

[0391] D1 diode element

[0392] DA digital image signal

[0393] Dv data signal

[0394] GL(GL1, GL2,...,GLn) gate line
[0395] Gtc scanning timing control signal
[0396] N1 internal node

[0397] N2 output node

[0398] OLED light-emitting element
[0399] P1, P2 phase

[0400] REF reference line

[0401] S1, S2 step

[0402] Scl, Sc2, ..., Scm source signal
[0403] SEL select line

[0404] SL(SL1, SL2,..., SLm) source line
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[0405] Stc data timing control signal

[0406] T1,T2,T3, T4, T5 transistor

[0407] Tdv driver transistor

[0408] Vcom opposite voltage

[0409] Vlc liquid crystal voltage

[0410] VN1 internal node potential, pixel electrode

potential
[0411] VN2 output node potential

1: A pixel circuit, comprising:

a display element unit that includes a unit display element;

an internal node constituting a part of the display element
unit, the internal node holding a pixel data voltage
applied to the display element unit;

a first switching circuit that transfers the pixel data voltage

supplied by a data signal line to the internal node through

at least a prescribed switching element;

second switching circuit that transfers the pixel data

voltage supplied by the data signal line to the internal

node without passing through the prescribed switching

element; and

a control circuit that holds, at one end of a first capacitance

element, a prescribed voltage corresponding to the pixel
data voltage held by the internal node, the control circuit
controlling a conducting and non-conducting state of the
second switching circuit,

wherein the second switching circuit includes a series cir-

cuit of a first transistor element and a diode element, the
first transistor element having a first terminal, a second
terminal, and a control terminal that controls electrical
continuity between the first and second terminals,

wherein the control circuit includes a series circuit of a

second transistor element and the first capacitance ele-
ment, the second transistor element having a first termi-
nal, a second terminal, and a control terminal that con-
trols electrical continuity between the first and second
terminals,

wherein respective one ends of the first and second switch-

ing circuits are connected to the data signal line,
wherein respective other ends of the first and second
switching circuits and the first terminal of the second
transistor element are connected to the internal node,
wherein the diode element serves as a rectifier in a direction
from the data signal line to the internal node,

wherein the control terminal of the first transistor element,

the second terminal of the second transistor element, and
the one end of the first capacitance element are con-
nected to each other, forming an output node of the
control circuit,

wherein the control terminal of the second transistor ele-

ment is connected to a first control line, and

wherein another end of the first capacitance element is

connected to a second control line.

2: The pixel circuit according to claim 1, wherein the
prescribed switching element is a third transistor element that
has a first terminal, a second terminal, and a control terminal
that controls electrical continuity between the first and second
terminals, and

wherein the control terminal of the third transistor element

is connected to a scanning signal line.

3: The pixel circuit according to claim 1, wherein the
second switching circuit includes a series circuit of the first
transistor element, the diode element, and a fourth transistor
element that has a first terminal, a second terminal, and a

24
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control terminal that controls electrical continuity between
the first and second terminals, and

wherein the control terminal of the fourth transistor ele-
ment is connected to the second control line or a third
control line.

4: The pixel circuit according to claim 3, wherein the first
switching circuit includes a series circuit of the fourth tran-
sistor element in the second switching circuit and the pre-
scribed switching element, or a series circuit of a fifth tran-
sistor element and the prescribed switching element, the fifth
transistor element having a control terminal thereof con-
nected to the control terminal of the fourth transistor element
in the second switching circuit.

5: The pixel circuit according to claim 1, further compris-
ing a second capacitance element having one end connected
to the internal node and another end connected to a fourth
control line or a prescribed fixed voltage line.

6: A display device, comprising:

a pixel circuit array in which a plurality of pixel circuits set
forth in claim 1 are arranged in a row direction and a
column direction, respectively,

wherein the data signal line is provided in each column,

wherein the pixel circuits arranged in a same column have
respective one ends of the first switching circuits thereof
connected to the same data signal line,

wherein the pixel circuits arranged in a same row or in a
same column have the respective control terminals of the
second transistor elements thereof connected to the
same first control line,

wherein the pixel circuits arranged in the same row or in the
same column have the respective other ends of the first
capacitance elements connected to the same second con-
trol line, and

wherein the display device further comprises a data signal
line driver circuit for driving the data signal lines indi-
vidually, and a control line driver circuit for driving the
first and second control lines individually.

7: The display device according to claim 6, wherein the
prescribed switching element is a third transistor element that
has a first terminal, a second terminal, and a control terminal
that controls electrical continuity between the first and second
terminals, the control terminal being connected to a scanning
signal line,

wherein the scanning signal line is arranged in each row,

wherein the pixel circuits arranged in the same row are
connected to the same scanning signal line, and

wherein the display device further comprises a scanning
signal line driver circuit for driving each scanning signal
line individually.

8: The display device according to claim 7, wherein the
second switching circuit includes a series circuit of the first
transistor element, the diode element, and a fourth transistor
element, the fourth transistor element having a first terminal,
a second terminal, and a control terminal that controls elec-
trical continuity between the first and second terminals, and

wherein the respective pixel circuits arranged in the same
row or the same column have the control terminals of the
fourth transistor elements thereof connected to the same
second control line, respectively.

9: The display device according to claim 7, wherein the
second switching circuit includes a series circuit of the first
transistor element, the diode element, and a fourth transistor
element, the fourth transistor element having a first terminal,
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a second terminal, and a control terminal that controls elec-
trical continuity between the first and second terminals,
wherein the respective pixel circuits arranged in the same
row or the same column have the control terminals of the
fourth transistor elements thereof connected to a same
third control line, respectively, and

wherein the control line driver circuit drives the respective

first through third control lines individually.

10: The display device according to claim 8, wherein the
first switching circuit includes a series circuit of the fourth
transistor element in the second switching circuit and the
third transistor element, or a series circuit of a fifth transistor
element and the third transistor element, the fifth transistor
element having a control terminal thereof connected to the
control terminal of the fourth transistor element in the second
switching circuit.

11: The display device according to claim 9, wherein the
first switching circuit includes a series circuit of the fourth
transistor element in the second switching circuit and the
third transistor element, or a series circuit of a fifth transistor
element and the third transistor element, the fifth transistor
element having a control terminal thereof connected to the
control terminal of the fourth transistor element in the second
switching circuit.

12: The display device according to claim 7, wherein:

when a writing operation for writing the pixel data in the

respective pixel circuits arranged in one selected row is
performed,

the scanning signal line driver circuit applies a prescribed

selected row voltage to the scanning signal line of the
selected row so as to turn on the third transistor elements
arranged in the selected row, and applies a prescribed
non-selected row voltage to the scanning signal lines of
non-selected rows so as to turn off the third transistor
elements arranged in the non-selected rows, and

the data signal line driver circuit applies, to the respective

data signal lines, data voltages corresponding to the
pixel data that are to be written in the pixel circuits in the
respective columns of the selected row, respectively.

13: The display device according to claim 12, wherein, in
the writing operation, the control line driver circuit applies, to
the first control line, a prescribed voltage that turns on the
second transistor element.

14: The display device according to claim 10, wherein:

when a writing operation for writing the pixel data in the

respective pixel circuits arranged in one selected row is
performed,

the scanning signal line driver circuit applies a prescribed

selected row voltage to the scanning signal line of the
selected row so as to turn on the third transistor elements
arranged in the selected row, and applies a prescribed
non-selected row voltage to the scanning signal lines of
non-selected rows so as to turn off the third transistor
elements arranged in the non-selected rows,

the control line driver circuit applies, to the second control

line of the selected row, a prescribed select voltage that
turns on the fourth transistor element, and applies, to the
second control lines of the non-selected rows, a pre-
scribed non-select voltage that turns off the fourth tran-
sistor element, and

the data signal line driver circuit applies, to the respective

data signal lines, data voltages corresponding to the
pixel data that are to be written in the pixel circuits in the
respective columns of the selected row, respectively.
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15: The display device according to claim 11, wherein:
when a writing operation for writing the pixel data in the
respective pixel circuits arranged in one selected row is
performed,
the scanning signal line driver circuit applies a prescribed
selected row voltage to the scanning signal line of the
selected row so as to turn on the third transistor elements
arranged in the selected row, and applies a prescribed
non-selected row voltage to the scanning signal lines of
non-selected rows so as to turn off the third transistor
elements arranged in the non-selected rows,
the control line driver circuit applies, to the third control
line of the selected row, a prescribed select voltage that
turns on the fourth transistor element, and applies, to the
third control lines of the non-selected rows, a prescribed
non-select voltage that turns off the fourth transistor
element, and
the data signal line driver circuit applies, to the respective
data signal lines, data voltages corresponding to the
pixel data that are to be written in the pixel circuits in the
respective columns of the selected row, respectively.
16: The display device according to claim 7, wherein the
internal node of each pixel circuit in the pixel circuit array is
configured to be capable of holding one voltage state among
a plurality of voltage states that are mutually different to
achieve a multi-gradation display,
wherein, in a self-refresh operation that activates the sec-
ond switching circuits and the control circuits in a plu-
rality of pixel circuits so as to simultaneously compen-
sate voltage changes in the internal nodes thereof, the
display device performs a refresh operation for the pixel
circuits that have the internal node in a voltage state of a
target gradation level as follows:
the scanning signal line driver circuit applies a prescribed
voltage to the scanning signal lines connected to all of
the pixel circuits in the pixel circuit array so as to turn the
third transistor elements off;
the data signal line driver circuit applies a refresh input
voltage to the data signal lines, the refresh input voltage
being a sum of a refresh target voltage and a prescribed
first adjusting voltage, the refresh target voltage corre-
sponding to a voltage state of a target gradation level for
which the refresh operation is performed, the prescribed
first adjusting voltage corresponding to a turn-on volt-
age of the second switching circuit; and
the control line driver circuit applies a boost voltage of a
prescribed amplitude to the second control line while
applying a refresh reference voltage to the first control
line so as to change a voltage of the output node by
capacitance-coupling through the first capacitance ele-
ment, the refresh reference voltage being a sum of a
refresh isolation voltage and a prescribed second adjust-
ing voltage, the refresh isolation voltage being defined
by an intermediate voltage between a voltage state that is
one level lower than the target gradation level and a
voltage state of the target gradation level, the prescribed
second adjusting voltage corresponding to a threshold
voltage of the control circuit between the first control
line and the internal node, so that:
when the voltage state of the internal node is higher than
the refresh target voltage, the diode element becomes
reverse-biased in a direction from the data signal line to
the internal node, thereby breaking electrical continuity
between the data signal line and the internal node,
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when the voltage state of the internal node is lower than the
refresh isolation voltage, the potential change of the
output node by the application of the boost voltage is
suppressed, and the first transistor element is turned off,
thereby breaking the electrical continuity between the
data signal line and the internal node, and

when the voltage state of the internal node is at least the
refresh isolation voltage and no more than the refresh
target voltage, the diode element becomes forward-bi-
ased in adirection from the data signal line to the internal
node, and the potential change in the output node is not
suppressed, which turns the first transistor element on,
thereby providing the refresh target voltage to the inter-
nal node.

17: The display device according to claim 9, wherein the
internal node of each pixel circuit in the pixel circuit array is
configured to be capable of holding one voltage state among
a plurality of voltage states that are mutually different to
achieve a multi-gradation display,

wherein, in a self-refresh operation that activates the sec-
ond switching circuits and the control circuits in a plu-
rality of pixel circuits so as to simultaneously compen-
sate voltage changes in the internal nodes thereof, the
display device performs a refresh operation for the pixel
circuits that have the internal node in a voltage state of a
target gradation level as follows:

the scanning signal line driver circuit applies a prescribed
voltage to the scanning signal lines connected to all of
the pixel circuits in the pixel circuit array so as to turn off
the third transistor elements;

the data signal line driver circuit applies a refresh input
voltage to the data signal lines, the refresh input voltage
being a sum of a refresh target voltage and a prescribed
first adjusting voltage, the refresh target voltage corre-
sponding to a voltage state of a target gradation level for
which the refresh operation is performed, the prescribed
first adjusting voltage corresponding to a turn-on volt-
age of the second switching circuit;

the control line driver circuit applies a boost voltage of a
prescribed amplitude to the second control line, while
applying a refresh reference voltage to the first control
line and applying the a prescribed voltage to the third
control line so as to turn on the fourth transistor element,
so as to change a voltage of the output node by capaci-
tance-coupling through the first capacitance element,
the refresh reference voltage being a sum of a refresh
isolation voltage and a prescribed second adjusting volt-
age, the refresh isolation voltage being defined by an
intermediate voltage between a voltage state that is one
level lower than the target gradation level and a voltage
state of the target gradation level, the prescribed second
adjusting voltage corresponding to a threshold voltage
of the control circuit between the first control line and
the internal node, so that:

when the voltage state of the internal node is higher than
the refresh target voltage, the diode element becomes
reverse-biased in a direction from the data signal line to
the internal node, thereby breaking electrical continuity
between the data signal line and the internal node,

when the voltage state of the internal node is lower than the
refresh isolation voltage, the potential change of the
output node by the application of the boost voltage is
suppressed, and the first transistor element is turned off,
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thereby breaking the electrical continuity between the
data signal line and the internal node, and

when the voltage state of the internal node is at least the

refresh isolation voltage and no more than the refresh
target voltage, the diode element becomes forward-bi-
ased in the direction from the data signal line to the
internal node, and the potential change in the output
node is not suppressed, which turns the first transistor
element on, thereby providing the refresh target voltage
to the internal node.

18: The display device according to claim 16, wherein the
refresh operation is sequentially performed for the pixel cir-
cuits that respectively have the internal nodes in voltage states
of different gradation levels by repeatedly conducting the
following operation while changing values of the refresh
input voltage and the refresh isolation voltage each time:

applying the boost voltage to the second control line while

turning the third transistor element off, and applying the
refresh input voltage and the refresh reference voltage to
the date signal line and the first control line, respectively.
19: The display device according to claim 18, wherein an
application of the boost voltage is performed while changing
values of the refresh input voltage and the refresh isolation
voltage a certain number of times that is one less than the
number of gradation levels, the number of gradation levels
being the number of voltage states that can be held by the
internal node of each pixel circuit in the pixel circuit array.
20: The display device according to claim 18, wherein:
after acompletion of arefresh step that includes said opera-
tion of repeatedly conducting an operation of turning the
third transistor element off, applying the refresh input
voltage and the refresh reference voltage to the date
signal line and the first control line, respectively, and
applying the boost voltage to the second control line,
while changing values of the refresh input voltage and
the refresh isolation voltage each time,
the display device performs a stand-by step in which:
the data signal line driver circuit applies a voltage that
corresponds to a smallest value of a voltage state that can
be held by the internal node to the data signal line; and

the control line driver circuit applies a voltage that can turn
on the second transistor element regardless of the volt-
age state of the internal node to the first control line at
least for a certain period of time, instead of applying the
boost voltage to the second control line.

21: The display device according to claim 20, wherein the
refresh step is performed again after the stand-by step, the
stand-by step being performed for a period of time that is at
least ten times as long as the refresh step.

22: The display device according to claim 16, wherein the
first adjusting voltage is a turn-on voltage of the diode ele-
ment.

23: The display device according to claim 16, wherein the
second adjusting voltage is a threshold voltage of the second
transistor element.

24: The display device according to claim 9, wherein the
internal node of each pixel circuit in the pixel circuit array is
configured to be capable of holding one voltage state among
a plurality of voltage states that are mutually different to
achieve a multi-gradation display,

wherein, in a self-refresh operation that activates the sec-

ond switching circuits and the control circuits in a plu-
rality of pixel circuits so as to simultaneously compen-
sate voltage changes in the internal nodes thereof, the
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display device performs a refresh operation for the pixel
circuits that have the internal node in a voltage state of a
target gradation level as follows:

the scanning signal line driver circuit applies a prescribed

voltage to the scanning signal lines that are connected to
all of the pixel circuits in the pixel circuit array so as to
turn the third transistor element off;

the data signal line driver circuit applies a refresh input

voltage to the data signal line, the refresh input voltage
being a sum of a refresh target voltage and a prescribed
first adjusting voltage, the refresh target voltage corre-
sponding to a voltage state of a target gradation level for
which the refresh operation is performed, the prescribed
first adjusting voltage corresponding to a turn-on volt-
age of the second switching circuit;

the control line driver circuit applies a boost voltage of a

prescribed amplitude to the second control line while
applying a refresh reference voltage to the first control
line so as to change a voltage of the output node by
capacitance-coupling through the first capacitance ele-
ment, the refresh reference voltage being a sum of a
refresh isolation voltage and a prescribed second adjust-
ing voltage, the refresh isolation voltage being defined
by a voltage intermediate between a voltage state that is
one level lower than the target gradation level and a
voltage state of the target gradation level, the prescribed
second adjusting voltage corresponding to a threshold
voltage of the control circuit between the first control
line and the internal node; and

the control line driver circuit thereafter applies a prescribed

voltage that turns on the fourth transistor element to the
third control line, so that:
when the voltage state of the internal node is higher than
the refresh target voltage, the diode element becomes
reverse-biased in a direction from the data signal line to
the internal node, thereby breaking electrical continuity
between the data signal line and the internal node,

when the voltage state of the internal node is lower than the
refresh isolation voltage, the potential change of the
output node by the application of the boost voltage is
suppressed, and the first transistor element is turned off,
thereby breaking electrical continuity between the data
signal line and the internal node, and

when the voltage state of the internal node is at least the

refresh isolation voltage and no more than the refresh
target voltage, the diode element becomes forward-bi-
ased in a direction from the data signal line to the internal
node, and the potential change in the output node is not
suppressed, which turns the first transistor element on,
thereby providing the refresh target voltage to the inter-
nal node.

25: The display device according to any claim 16, wherein,
in the self-refresh operation, a refresh operation is sequen-
tially performed for the pixel circuits that include the internal
nodes in voltage states of different gradation levels as fol-
lows:

27
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setting a first gradation level as the target gradation and
applying the boost voltage to the second control line
while applying the refresh input voltage and the refresh
reference voltage to the data signal line and the first
control line, respectively; and

while continuously applying the boost voltage, setting a
second gradation level that is one level higher than the
first gradation level as the target gradation level, chang-
ing the refresh reference voltage applied to the first
control line, and thereafter changing the refresh input
voltage applied to the data signal line.

26: The display device according to claim 25, wherein:

when there exists a gradation level that is higher than the
second gradation level,

after a completion of the refresh operation for the second
gradation level,

the display device repeats the refresh operation for the
higher gradation level by performing, while continu-
ously applying the boost voltage, setting the target gra-
dation level to a gradation level that is one level higher
than the second gradation level, changing the refresh
reference voltage applied to the first control line, and
thereafter changing the refresh input voltage applied to
the data signal line.

27: The display device according to claim 17, wherein, in

the self-refresh operation, a refresh operation is sequentially
performed for the pixel circuits that include the internal nodes
in voltage states of different gradation levels as follows:

setting a first gradation level as the target gradation level,
and while applying the refresh input voltage and the
refresh reference voltage to the data signal line and the
first control line, respectively, applying the boost voltage
to the second control line and a prescribed voltage that
turns on the fourth transistor element to the third control
line, respectively; and

while continuously applying the boost voltage and the
prescribed voltage that turns on the fourth transistor
element, setting the target gradation level to a second
gradation level that is one level higher than the first
gradation level, changing the refresh reference voltage
applied to the first control line, and thereafter changing
the refresh input voltage applied to the data signal line.

28: The display device according to claim 27, wherein:

when there exists a gradation level that is even higher than
the second gradation level,

after a completion of the refresh operation for the second
gradation level,

the display device repeats the refresh operation for the
higher gradation level by performing, while continu-
ously applying the boost voltage and the prescribed volt-
age that turns the fourth transistor element on, setting the
target gradation level to a gradation level that is one level
higher than the second gradation level, changing the
refresh reference voltage applied to the first control line,
and thereafter changing the refresh input voltage applied
to the data signal line.
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