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LIQUID CRYSTAL DISPLAY DEVICE AND

DRIVING METHOD THEREOF
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a storage capaci-

tance line driving type liquid crystal display device and a

driving method thereof.
[0003] 2. Related Art
[0004] A storage capacitance line driving method is known

as a driving method of a liquid crystal display device in the
related art. In this method, a storage capacitor is provided
between a storage capacitance line and a pixel electrode, and
the electric potential of the pixel electrode is changed in a
positive or negative direction by writing a display signal into
the pixel electrode and then changing the electric potential of
the storage capacitance line. Thus, since a dynamic range of
the display signal can be made small, driving becomes pos-
sible with low power consumption. A liquid crystal display
device using the storage capacitance line driving method is
disclosed in JP-A-2002-196358.

[0005] In addition, a partial display method is known as a
display method of a liquid crystal display device. In this
method, a part of apixel regionis set as a display region where
an image is displayed and the remaining region is set as a
non-display region (white or black display region) where an
image is not displayed.

[0006] Inthecase of performing partial display in the liquid
crystal display device that uses the storage capacitance line
driving method, the power consumption can be reduced by
stopping driving of a storage capacitance line in a non-display
region. This type of liquid crystal display device is disclosed
in JP-A-2007-140192.

[0007] However, in the case of stopping a polarity signal for
determining the priority of the electric potential of the storage
capacitance line while maintaining the priority before one
frame when stopping driving of the storage capacitance line,
the operation becomes complicated if a display region is
changed. As a result, a problem that the circuit configuration
becomes complicated occurs. Therefore, in order to simplify
the circuit configuration, a method of fixing a polarity signal
to an L level or an H level may be considered in the non-
display region. In the non-display region, it is required to
perform a refresh operation for periodically writing a non-
display signal into a pixel electrode of a corresponding pixel.
Inthis case, in order to further reduce the power consumption,
the refresh operation is not performed in all frames but is
intermittently performed in some frames, that is, intermittent
refresh (also referred to as thinning-out refresh) is performed.
However, in the case where a polarity signal is fixed to an L
level or an H level in the non-display region, there has been a
problem that poor display occurs when the above intermittent
refresh is performed.

[0008] Moreover, in order to reduce the power consump-
tion resulting from the refresh operation, the intermittent
refresh (also referred to as thinning-out refresh) in which the
refresh operation is not performed in all frames but is inter-
mittently performed in some frames is performed. In the case
of performing the intermittent refresh, however, there has
been a problem that poor display occurs in the non-display
region. This is because when the intermittent refresh is per-
formed, the polarity of a polarity signal for determining the
polarity of a storage capacitance line is not inverted in the
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non-display region, unlike a display region, depending on
selection of a frame in which the refresh operation is per-
formed.

SUMMARY

[0009] According to an aspect of the invention, a liquid
crystal display device includes: a pixel region including a
plurality of pixels; a plurality of storage capacitance lines; a
storage capacitor connected between a pixel electrode of each
of the pixels and each of the storage capacitance lines; a
polarity signal generating circuit that generates a polarity
signal, which is repeatedly inverted between a first level and
asecond level for every frame, in a display region of the pixel
region where an image is displayed and that fixes the polarity
signal to the first level or the second level in a non-display
region where an image is not displayed; a first switching
element that switches an electric potential of the storage
capacitance line according to the polarity signal generated by
the polarity signal generating circuit; and a control circuit that
when the display region is changed to the non-display region,
makes a control such that a refresh operation of writing a
signal corresponding to non-display into the pixel electrode
of the pixel corresponding to the non-display region is per-
formed in two or more continuous frames and the refresh
operation is stopped performed in subsequent frames.
[0010] Furthermore, according to another aspect of the
invention, a driving method of a liquid crystal display device
that includes a pixel region including a plurality of pixels, a
plurality of storage capacitance lines, a storage capacitor
connected between a pixel electrode of each of the pixels and
each of the storage capacitance lines, a polarity signal gener-
ating circuit that generates a polarity signal, which is repeat-
edly inverted between a first level and a second level for every
frame, in a display region of the pixel region where an image
is displayed and that fixes the polarity signal to the first level
or the second level in a non-display region where an image is
not displayed, and a first switching element that switches an
electric potential of the storage capacitance line according to
the polarity signal generated by the polarity signal generating
circuit includes intermittently performing a refresh operation
of writing a signal corresponding to non-display into the pixel
electrode of the pixel corresponding to the non-display region
in some frames and performing the refresh operation in two or
more continuous frames when the display region is changed
to the non-display region.

[0011] Furthermore, according to still another aspect of the
invention, a liquid crystal display device includes: a pixel
region including a plurality of pixels; a plurality of source
lines; a plurality of gate lines; a plurality of storage capaci-
tance lines; a storage capacitor connected between a pixel
electrode of each of the pixels and each of the storage capaci-
tance lines; a gate selection circuit that outputs a gate selec-
tion signal to the gate lines; a first latch circuit that latches a
polarity signal, which repeats inversion alternately between a
firstlevel and a second level for every frame, according to the
gate selection signal; a first switching element that switches
an electric potential of the storage capacitance line according
to an output signal of the first latch circuit; and a second
switching element that is provided for every pixel, switches
according to the gate selection signal, and supplies a source
signal from the source line to the pixel electrode. In a non-
display region of the pixel region where an image is not
displayed, a control is made such that a refresh operation of
supplying a source signal corresponding to non-display to the
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corresponding pixel through the first switching element is
performed in remaining frames after thinning out two or more
frames and a polarity signal is inverted in a first frame in
which a refresh operation is performed and a second frame in
which a next refresh operation is performed.

[0012] Furthermore, according to still another aspect of the
invention, a driving method of a liquid crystal display device
that includes a pixel region including a plurality of pixels, a
plurality of source lines, a plurality of gate lines, a plurality of
storage capacitance lines, a storage capacitor connected
between a pixel electrode of each of the pixels and each of the
storage capacitance lines, a gate selection circuit that outputs
a gate selection signal to the gate lines, a first latch circuit that
latches a polarity signal, which repeats inversion alternately
between a first level and a second level for every frame,
according to the gate selection signal, a first switching ele-
ment that switches an electric potential of the storage capaci-
tance line according to an output signal of the first latch
circuit, and a second switching element that is provided for
every pixel, switches according to the gate selection signal,
and supplies a source signal from the source line to the pixel
electrode includes: making a control such that in a non-dis-
play region of the pixel region where an image is not dis-
played, a refresh operation of supplying a source signal cor-
responding to non-display to the corresponding pixel through
the first switching element is performed in remaining frames
after thinning out two or more frames and a polarity signal is
inverted in a first frame in which a refresh operation is per-
formed and a second frame in which a next refresh operation
is performed.

[0013] According to the aspect of the invention, in the
storage capacitance line driving type liquid crystal display
device, power consumption at the time of partial display can
be reduced with the simple circuit configuration. In addition,
it is possible to prevent poor display from occurring in the
case of intermittently performing a refresh operation in a
non-display region.

[0014] In addition, in the case of performing intermittent
refresh in order to reduce the power consumption at the time
of the partial display, the poor display can be prevented since
the polarity of a polarity signal can also be inverted in the
non-display region in the same manner as in the display
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0016] FIG. 1 is a view illustrating the configuration of a
liquid crystal display device according to a first embodiment
of the invention.

[0017] FIG. 2 is a view illustrating the configurations of
storage capacitance line driving circuit and polarity signal
generating circuit in the liquid crystal display device accord-
ing to the first embodiment of the invention.

[0018] FIG. 3 is a view illustrating the configurations of
source line driving circuit and DSG control circuit in the
liquid crystal display device according to the first embodi-
ment of the invention.

[0019] FIG. 4 is a timing chart explaining an operation of
the liquid crystal display device according to the first embodi-
ment of the invention and a comparative example.

[0020] FIG. 5 is a timing chart explaining an operation of
the liquid crystal display device in a comparative example.
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[0021] FIG. 6 is a timing chart explaining an operation of
the liquid crystal display device according to the first embodi-
ment of the invention.

[0022] FIG. 7 is a timing chart explaining an operation of
the liquid crystal display device according to the firstembodi-
ment of the invention.

[0023] FIG. 8 is a view illustrating the configuration of a
liquid crystal display device according to a second embodi-
ment of the invention.

[0024] FIG. 9 is a view illustrating the configuration of a
storage capacitance line driving circuit in the liquid crystal
display device according to the second embodiment of the
invention.

[0025] FIG. 10 is a view illustrating the configuration of a
storage capacitance line driving circuit in the liquid crystal
display device according to the second embodiment of the
invention.

[0026] FIG. 11 is a timing chart illustrating an operation of
the storage capacitance line driving circuit in the liquid crys-
tal display device according to the second embodiment of the
invention,

[0027] FIG. 12 is a view illustrating the configurations of
source line driving circuit and DSG control circuit in the
liquid crystal display device according to the second embodi-
ment of the invention.

[0028] FIG. 13 is a timing chart explaining an operation of
the liquid crystal display device according to the second
embodiment of the invention.

[0029] FIGS. 14A and 14B are timing charts explaining an
operation of the liquid crystal display device according to the
second embodiment of the invention and a comparative
example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0030] Hereinafter, a liquid crystal display device accord-
ing to a first embodiment of the invention will be described
with reference to the accompanying drawings. FIG. 1 is a
block diagram illustrating a liquid crystal display device. This
liquid crystal display device uses a storage capacitance line
driving method and is able to perform partial display.

[0031] A plurality of pixels are arrayed in a matrix to form
a pixel region. In FIG. 1, nine pixels of three rows by three
columns are shown for the simplicity sake. Each pixel is
disposed corresponding to each of intersections of gate lines
GL1 to GL3 and source lines SL1 to SL3. In addition, a pixel
transistor 10 formed of an N-channel thin film transistor, a
pixel electrode 11 connected to a drain of the pixel transistor
10, and liquid crystal 12 disposed between the pixel electrode
11 and a common electrode CE are provided in each pixel. A
common electric potential VCON is supplied to the common
electrode CE.

[0032] In addition, a first storage capacitance line SC1 is
provided corresponding to pixels on a first line, and a storage
capacitor 13 is provided between the pixel electrode 11 and
the first storage capacitance line SC1. A second storage
capacitance line SC2 is provided corresponding to pixels on a
second row, and the storage capacitor 13 is provided between
the pixel electrode 11 and the second storage capacitance line
SC2. A third storage capacitance line SC3 is provided corre-
sponding to pixels on a third line, and the storage capacitor 13
is provided between the pixel electrode 11 and the third
storage capacitance line SC3.
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[0033] In addition, a source of the pixel transistor 10 of
each pixel ona first column is connected to the first source line
SL1, a source of the pixel transistor 10 of each pixel on a
second column is connected to the second source line SL2,
and a source of the pixel transistor 10 of each pixel on a third
column is connected to the third source line SL.3.

[0034] In addition, a gate of the pixel transistor 10 of each
pixel on the first row is connected to the first gate line GL1, a
gate of the pixel transistor 10 of each pixel on the second row
is connected to the second gate line GL2, and a gate of the
pixel transistor 10 of each pixel on the third row is connected
to the third gate line GL3.

[0035] In addition, a source line driving circuit 20 that
supplies a source signal Sig (display signal) to the first to third
source lines SL1 to SL3 is provided. The source signal Sighas
apolarity that is inverted with respect to a reference potential
at predetermined periods (for example, one horizontal
period). In addition, a DSG control circuit 21 that supplies the
common electric potential VCOM to the first to third source
lines SL1 to SL3 is provided corresponding to a control signal
DSG.

[0036] In addition, a gate line driving circuit 22 that sup-
plies a gate signal to the first to third gate lines GL1 to GL3 is
provided. In addition, a storage capacitance line driving cit-
cuit 23 that drives the first to third storage capacitance lines
SC1 to SC3 is provided. In addition, a polarity signal gener-
ating circuit 26 that generates a polarity signal POL for deter-
mining the polarity of each electric potential of the first to
third storage capacitance lines SC1 to SC3 is provided. The
storage capacitance line driving circuit 23 drives each of the
electric potentials of the first to third storage capacitance lines
SC1 to SC3 to be a low electric potential VCOML or a high
electric potential VCOMH on the basis of the polarity signal
POL output from the polarity signal generating circuit 26.

Configurations of Storage Capacitance Line Driving Circuit
and Polarity Signal Generating Circuit

[0037] FIG. 2 is a view illustrating the configuration of the
storage capacitance line driving circuit 23 and the configura-
tion of the polarity signal generating circuit 26. First, the
configuration of the polarity signal generating circuit 26 will
be described. The polarity signal generating circuit 26 is
formed by using a frame inversion signal generating circuit
241 and a memory 242. The frame inversion signal generating
circuit 241 is a circuit that generates a frame inversion signal,
whichis repeatedly inverted between an Hlevel and an [ level
for every frame. In the memory 242, data indicating distinc-
tion between a display region of a pixel region, in which an
image is displayed, and a non-display region where an image
is not displayed is stored corresponding to each line (each
row), The data is ‘1’ in the display region and ‘0’ in the
non-display region. The memory 242 may be formed by using
a shift register, for example. The memory 242 performs
operations of holding and shifting data in synchronization
with a clock HCLK which is a pulse signal having a period of
one horizontal period (1H period).

[0038] The frame inversion signal generated by the frame
inversion signal generating circuit 241 and the data read from
the memory 242 in synchronization with the clock HCLK are
input to a two-input AND circuit 243. The AND circuit 243
outputs the frame inversion signal as the polarity signal POL
when the data read from the memory 242 indicates a display
region, that is, when the data is ‘1°. In addition, an output of
the AND circuit 243 is fixed to ‘0’ when the data read from the
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memory 242 indicates a non-display region, that is, when the
data is ‘1°. That is, the AND circuit 243 outputs the polarity
signal POL fixed to ‘0’ (=L level) in this case.

[0039] Thus, in the display region, the polarity signal POL
is inverted for every frame. In addition, when full screen
display in which an image is displayed in the entire pixel
region transitions to partial display (or when a display region
is changed in the partial display), it is possible to fix the
polarity of the polarity signal POL in the non-display region.
In addition, since the polarity signal generating circuit 26 can
be configured to include only the frame inversion signal gen-
erating circuit 241 (may be formed by an inverting circuit),
the memory 242, and the AND circuit 243, the circuit con-
figuration becomes simple.

[0040] A Vreset signal is a signal synchronizing with a
vertical synchronizing signal and serves to reset a read
counter of a first memory and a second memory.

[0041] Next, the configuration of the storage capacitance
line driving circuit 23 will be described. The polarity signal
POL output from the polarity signal generating circuit 26 is
latched to latch circuits LCH1 to LCH3 provided correspond-
ing to the first to third storage capacitance lines SC1 to SC3,
respectively, on the basis of first to third timing clocks
TCLK1 to TCLK3. The latch circuits LCH1 to LCH3 output
the latched polarity signal POL as first to third latch signals
POL1 to POL3 and hold the latched polarity signal POL. The
first to third timing clocks TCLK1 to TCLK3 are generated on
the basis of gate signals G1 to G3 and a timing control signal
TCLK by a timing control circuit 231.

[0042] In addition, the polarity signal POL that is inverted
is latched to the latch circuit LCH2 corresponding to an
even-numbered line. This is to make line inversion possible
by causing the electric potentials of the storage capacitance
lines corresponding to odd-numbered lines (first line, third
line, . . . ) and even-numbered lines (second line, fourth line,
... ) to have opposite polarities. For example, the electric
potential of the first storage capacitance line SC1 and the
electric potential of the second storage capacitance line SC2
have opposite polarities.

[0043] The first to third latch signals POL1 to POL3 are
used as signals for controlling switching of first to third
switches SW1 to SW3 provided in a subsequent stage. For
example, the low electric potential VCOML is applied to the
first storage capacitance line SC1 when the first latch signal
POL1isinan Hlevel, and the high electric potential VCOMH
is applied to the first storage capacitance line SC1 when the
first latch signal POL1 isin an L level.

[0044] That is, the electric potentials of the first to third
storage capacitance lines SC1 to SC3 are determined by tim-
ing at which the first to third timing clocks TCLK1 to TCLK3
rise. In such a storage capacitance line driving method, it is
general that such timing occurs after the gate signals G1to G3
fall.

Configurations of Source Line Driving Circuit and DSG Con-
trol Circuit

[0045] FIG. 3 is a view illustrating the configurations of the
source line driving circuit 20 and DSG control circuit 21
which are provided in the periphery of the pixel region. In
FIG. 3, only the configuration related to pixels corresponding
to the first column of the pixel region is shown. An output
terminal of a source driver 14 is connected to one end of the
first sourceline SI.1 with ahorizontal switch SWH interposed
therebetween. The horizontal switch SWH switches accord-
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ing to a horizontal scanning signal. When the horizontal
switch SWH is turned on, the source signal Sig (display
signal) is supplied from the source driver 14 to the first source
line SL1. In addition, an output terminal of a common elec-
trode driver 15 is connected to the other end of the first source
line SL1 with a switch SWS interposed therebetween. The
switch SWS switches according to the DSG signal. In addi-
tion, the output terminal of the common electrode driver 15 is
connected to the common electrode CE, and the common
electric potential VCOM is supplied to the common electrode
CE.

[0046] Accordingly, when the switch SWS is turned on, the
first source line SL1 and the common electrode CE are short
circuited, such that the common electric potential VCOM is
also supplied to the first source line SL1.

[0047] Next, an operation example of the liquid crystal
display device will be described with reference to a timing
chart shown in FIG. 4. This explanation is based on the circuit
shown in FIG. 1, and the number of lines is set to 3. 1), 2), and
3) in the drawing indicate line numbers, ‘ON’ indicates a
display region, and ‘OFF’ indicates a non-display region. Full
screen display is performed at first. Since data=*1"is stored in
the memory 242 corresponding to the first to third lines, an
output of the memory 242 is maintained as ‘1°. Accordingly,
the polarity signal POL is repeatedly inverted between a first
level and a second level for every frame.

[0048] In addition, the polarity signal POL is sequentially
latched to the latch circuits LCH1 to LCH3 on the basis of the
first to third timing clocks TCLK1 to TCLK3 generated in a
time-series manner, and thus the first to third latch signals
POL1 to POL3 that repeat inversion for every frame are
generated. Accordingly, the electric potentials of the first to
third storage capacitance lines SC1 to SC3 are repeatedly
inverted in synchronization with the first to third latch signals
POL1 to POL3. As aresult, storage capacitance line driving is
performed. That is, a display signal is written into the pixel
electrode and then the electric potential of the corresponding
storage capacitance line is changed and accordingly, the elec-
tric potential of the pixel electrode 11 is changed in a positive
or negative direction. Thus, since a dynamic range of the
display signal can be made small, driving becomes possible
with low power consumption.

[0049] Then, transition from the full screen display to par-
tial display is performed. Here, it is assumed that the content
of the memory 242 has been changed such that the first line
corresponds to a display region and the second and third lines
correspond to a non-display region. Then, for the firstline, the
polarity signal POL is repeatedly inverted between an H level
and an [ level. Since the second and third lines correspond to
the non-display region, the polarity signal POL is fixed to the
L level. As a result, driving of the second and third storage
capacitance lines SC2 and SC3 is stopped.

[0050] Furthermore, in the non-display region, pixels are
not displayed by writing the common electric potential
VCOM (non-display signal) into pixel electrodes of the cor-
responding pixels. This will be described with reference to
FIG. 3. In the non-display region, the switch SWS is turned on
according to the DSG signal, the first source line SL1 and the
common electrode CE are short circuited, and the common
electric potential VCOM is also supplied to the first source
line SL.1. Then, when the pixel transistor 10 is turned on
according to the gate signal G1, the common electric potential
VCOM is applied to the pixel electrode 11. As a result, since
a voltage applied to the liquid crystal 12 becomes about 0V,
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anon-display state (for example, black display in a normally
black liquid crystal display device) is acquired.

[0051] Thus, in the non-display region, a refresh operation
of periodically writing a non-display signal into a pixel elec-
trode of the corresponding pixel is performed. In addition, in
order to reduce the power consumption, intermittent refresh
in which the refresh operation is not performed for all frames
but is intermittently performed only for some frames is per-
formed.

[0052] However, as shown in FIG. 4, the third latch signal
POL3 changes from an H level to an L level on the third line
after transition to partial display. Accordingly, since the stor-
age capacitance line driving is performed, the third storage
capacitance line SC3 is changed after the common electric
potential VCOM (non-display signal) is written into the pixel
electrode. As a result, since a voltage applied to the liquid
crystal 12 changes from 0V, poor display occurs when the
intermittent refresh is performed.

[0053] Subsequently, a display region is changed in the
partial display. Here, it is assumed that the content of the
memory 242 has been changed such that the first and second
lines correspond to a non-display region and the third line
corresponds to a display region. Then, since the first and
second lines correspond to the non-display region, the polar-
ity signal POL is fixed to the L level. That is, driving of the
first and second storage capacitance lines SC1 and SC2 is
stopped. On the other hand, since a changed to the display
region has been made for the third line, the polarity signal
POL is inverted.

[0054] As described above, in the case of performing the
partial display, the power consumption may be reduced by
fixing the polarity of the polarity signal POL to stop driving of
a storage capacitance line in the non-display region. How-
ever, the poor display occurs when the above-described inter-
mittent refresh is performed.

[0055] Therefore, in the invention, when the full screen
display transitions to the partial display, a refresh operation of
writing the common electric potential VCOM (non-display
signal) into a pixel corresponding to the non-display region is
performed in two or more continuous frames on the assump-
tion of the intermittent refresh. As a result, poor display can be
prevented by eliminating display failure in a first frame.
[0056] This will be described in more detail using timing
charts shown in FIGS. 5§ and 6. As shown in FIG. 5, it is
assumed that when full screen display transitions to partial
display in response to a partial display command, a refresh
operation is performed in one frame after the transition and
then some frames in which the refresh operation is not per-
formed, that s, some non-refresh frames continue. That is, the
intermittent refresh is performed.

[0057] Then, when the polarity signal POL is not inverted
(L level is maintained in the case of FIG. 5), the above-
described poor display does not occur. However, when the
polarity signal POL is inverted (changes from an H level to an
L level in the case of FIG. 5), the poor display occurs for the
above-described reason.

[0058] Then, as shown in FIG. 6, when the full screen
display transitions to the partial display from on the basis of a
partial display command, a refresh operation is performed in
two continuous frames after the transition. Then, some non-
refresh frames continue. As a result, poor display can be
prevented by eliminating display failure in a first frame after
the transition to the partial display by means of a refresh
operation in a next frame.
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[0059] In addition, the same is true for a case where a
display region is changed in the partial display on the basis of
the display region change command, which is shown in FIG.
7. That is, a refresh operation is performed in two continuous
frames after changing a display region in the partial display.
Then, some non-refresh frames continue. As a result, poor
display can be prevented by eliminating display failure in a
first frame after changing a display region by means of a
refresh operation in a next frame.

[0060] A liquid crystal display device according to asecond
embodiment of the invention will be described with reference
to the accompanying drawings. FIG. 8 is a block diagram
illustrating a liquid crystal display device. This liquid crystal
display device uses a storage capacitance line driving method
and is able to perform partial display.

[0061] A plurality of pixels are arrayed in a matrix to form
a pixel region. In FIG. 8, nine pixels of three rows by three
columns are shown for the simplicity sake. Each pixel is
disposed corresponding to each of intersections of gate lines
GL1 to GL3 and source lines SL1 to SL.3. In addition, a pixel
transistor 10 formed of an N-channel thin film transistor, a
pixel electrode 11 connected to a drain of the pixel transistor
10, and liquid crystal 12 disposed between the pixel electrode
11 and a common electrode CE are provided in each pixel. A
common electric potential VCOM is supplied to the common
electrode CE.

[0062] In addition, a first storage capacitance line SC1 is
provided corresponding to pixels on a first line, and a storage
capacitor 13 is provided between the pixel electrode 11 and
the first storage capacitance line SC1. A second storage
capacitance line SC2 is provided corresponding to pixels on a
second row, and the storage capacitor 13 is provided between
the pixel electrode 11 and the second storage capacitance line
SC2. A third storage capacitance line SC3 is provided corre-
sponding to pixels on a third line, and the storage capacitor 13
is provided between the pixel electrode 11 and the third
storage capacitance line SC3.

[0063] In addition, a source of the pixel transistor 10 of
each pixel ona first column is connected to the first source line
SL1, a source of the pixel transistor 10 of each pixel on a
second column is connected to the second source line SL2,
and a source of the pixel transistor 10 of each pixel on a third
column is connected to the third source line SL.3.

[0064] In addition, a gate of the pixel transistor 10 of each
pixel on the first row is connected to the first gate line GL1, a
gate of the pixel transistor 10 of each pixel on the second row
is connected to the second gate line GL2, and a gate of the
pixel transistor 10 of each pixel on the third row is connected
to the third gate line GL3.

[0065] In addition, a source line driving circuit 20 that
supplies a source signal Sig (display signal) to the first to third
source lines SL1to SL3 is provided. The source signal Sighas
a polarity that is inverted with respect to a reference potential
at predetermined periods (for example, one horizontal
period). In addition, a DSG control circuit 21 that supplies the
common electric potential VCOM to the first to third source
lines SL1 to SL3 is provided corresponding to a control signal
DSG.

[0066] Inaddition, a gate line driving circuit 22 that gener-
ates gate selection signals G1 to G3 is provided. The gate
selection signals G1 to G3 are generated by transmitting a
vertical start pulse STV on the basis of a vertical shift pulse
CKYV. In addition, a gate selection circuit 24 that outputs the
gate selection signals G1 to G3 to the first to third gate lines
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GL1 to GL3 on the basis of a gate selection enable signal
VENB is provided. That is, the gate selection circuit 24 is
formed by using AND circuits 241 to 243, the gate selection
signals G1 to G3 are input to the corresponding AND circuits
241 to 243, and the gate selection enable signal VENB is
commonly input to the AND circuits 241 to 243. Accordingly,
the gate selection signals G1 to G3 are output to the first to
third gate lines GL1 to GL3 when the gate selection enable
signal VENB is in an H level. When the gate selection enable
signal VENB is in an L level, an output of the gate selection
circuit 24 is fixed to the L level. Accordingly, the gate selec-
tion signals G1 to G3 become in a non-selection state (the
pixel transistor 10 is in an OFF state). The gate selection
enable signal VENB is controlled by a control circuit 25.

[0067] Inaddition,a storage capacitance line driving circuit
23 that drives the first to third storage capacitance lines SC1
to SC3 is provided. The storage capacitance line driving
circuit 23 drives each of the electric potentials of the first to
third storage capacitance lines SC1 to SC3 to be a low electric
potential VCOML or a high electric potential VCOMH on the
basis of the polarity signal POL inverted between an H level
and an [ level for every frame.

Configuration of a Storage Capacitance Line Driving Circuit

[0068] The configuration of the storage capacitance line
driving circuit 23 is shown in FIG. 9. This circuit is called a
gate latch type circuit and latches the polarity signal POL on
the basis of the gate selection signals G1 to G3. First latch
circuits LCH11, LCH21, and LCH31 are provided corre-
sponding to the first to third storage capacitance lines SC1 to
SC3, respectively. The first latch circuits LCH11, LCH21,
and LCH31 latch the polarity signal POL on the basis of the
gate selection signals G1, G2, and G3. In addition, the polar-
ity signal POL that is inverted is latched to the first latch
circuit LCH21 corresponding to an even-numbered line. This
is to make line inversion possible by causing the electric
potentials of the storage capacitance lines corresponding to
odd-numbered lines (first line, third line, . . . ) and even-
numbered lines (second line, fourth line, . . . ) to have opposite
polarities. For example, the electric potential of the first stor-
age capacitance line SC1 and the electric potential of the
second storage capacitance line SC2 have opposite polarities.

[0069] In addition, second latch circuits LCH12, LCH22,
and LCH32 are provided corresponding to the first to third
storage capacitance lines SC1 to SC3, respectively. The sec-
ond latch circuits LCH12, LCH22, and LCH32 latch the
polarity signal POL latched by the first latch circuits LCH11,
LCH21, and LCH31 on the basis of the first to third timing
clocks TCLK1 to TCLK3, respectively. The first to third
timing clocks TCLK1 to TCLK3 are pulse signals generated
at different timing corresponding to each line. The first to
third timing clocks TCLK1 to TCLK3 are generated on the
basis of a timing signal TCLK by a timing control circuit 231.
[0070] First to third latch signals POL1 to POL3, which are
output signals of the second latch circuits LCH12, LCH22,
and [LCH32, are used as signals for controlling switching of
first to third switches SW1 to SW3 provided in a subsequent
stage.

[0071] The configuration of the first switch SW1 is shown
in FIG. 10. A P-channel TFT 232 and an N-channel TFT 233
are connected in series between the high electric potential
VCOMH and the low electric potential VCONL, and the first
latch signal POL1 output from the second latch circuit
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LCH12 is applied to gates of the TFTs 232 and 233. In
addition, the second and third switches SW2 and SW3 have
the same configuration.

[0072] For example, when the first latch signal POL1 is in
an H level, the low electric potential VCOML is applied to the
first storage capacitance line SC1 since the N-channel TFT
233 is turned on. In addition, when the first latch signal POL1
is in an L level, the high electric potential VCOMH is applied
to the first storage capacitance line SC1 since the P-channel
TFT 232 is turned on.

[0073] The electric potentials of the first to third storage
capacitance lines SC1 to SC3 are determined by timing at
which the first to third timing clocks TCLK1 to TCLK3 rise.
In such astorage capacitance line driving method, it is general
that such timing occurs after the gate selection signals G1 to
G3 fall. FIG. 11 shows the relationship of changes of electric
potentials of the gate selection signals G1 to G3, the first to
third timing clocks TCLK1 to TCLK3, and the first to third
storage capacitance lines SC1 to SC3.

Configurations of Source Line Driving Circuit and DSG Con-
trol Circuit

[0074] FIG. 12 is a view illustrating the configurations of
the source line driving circuit 20 and DSG control circuit 21
which are provided in the periphery of the pixel region. In
FIG. 12, only the configuration related to pixels correspond-
ing to the first column of the pixel region is shown. An output
terminal of a source driver 14 is connected to one end of the
first source line SL.1 with a horizontal switch SWH interposed
therebetween. The horizontal switch SWH switches accord-
ing to a horizontal scanning signal. When the horizontal
switch SWH 1is turned on, the source signal Sig (display
signal) is supplied from the source driver 14 to the first source
line SL1.

[0075] In addition, an output terminal of a common elec-
trode driver 15 is connected to the other end of the first source
line SL1 with a switch SWS interposed therebetween. The
switch SWS switches according to the control signal DSG. In
addition, the output terminal of the common electrode driver
15 is connected to the common electrode CE, and the com-
mon electric potential VCOM is supplied to the common
electrode CE. Accordingly, when the switch SWS is turned
on, the first source line SL.1 and the common electrode CE are
short circuited, such that the common electric potential
VCOM is also supplied to the first source line SL1 for pre-
charge.

[0076] Next, an operation example of the liquid crystal
display device will be described with reference to a timing
chart shown in FIG. 13. Here, itis assumed that partial display
is performed.

(1) Refresh Operation

[0077] A refresh operation is performed in a non-display
region. In this case, the gate selection enable signal VENB is
periodically generated also in the non-display region so that
the gate selection signals G1 to G3 are sequentially output to
the first to third gate lines GL.1 to GL3. Then, the source signal
sig (non-display signal) corresponding to non-display is sup-
plied to the first source lines SL.1 to SL3 so as to be supplied
to pixels, such that a refresh operation is performed. On the
other hand, the gate selection enable signal VENB is periodi-
cally generated also in the display region so that the gate
selection signals G1 to G3 are sequentially output to the first
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to third gate lines GL.1 to GL3. Then, the source signal sig
(display signal) corresponding to display is supplied to the
first source lines SLL1 to SL3 so as to be supplied to pixels,
such that normal liquid crystal display is performed.

[0078] Inaddition, the storage capacitance line driving cir-
cuit 23 also operates. Accordingly, the electric potentials of
the first to third storage capacitance lines SC1 to SC3 are
repeatedly inverted in synchronization with the first to third
latch signals POL1 to POL3. As a result, storage capacitance
line driving is performed. That is, the display signal (non-
display signal) is written into the pixel electrode and then the
electric potential of the corresponding storage capacitance
line is changed and accordingly, the electric potential of the
pixel electrode 11 is changed in a positive or negative direc-
tion. Thus, since a dynamic range of the display signal can be
made small, driving becomes possible with low power con-
sumption.

(2) Non-Refresh Operation

[0079] Inthe case of intermittent refresh, there is a frame in
which a refresh operation is not performed. That is, refresh of
anon-display region is not performed in a non-refresh frame.
In this case, the first to third gate lines GL1 to GL3 are fixed
to L levels by stopping the gate selection enable signal VENB
(fixing the gate selection enable signal VENB to an [ level).
As a result, a non-display signal is not written into a pixel
electrode.

[0080] Thus, in the case of the intermittent refresh, the
refresh operation can be stopped by stopping the gate selec-
tion enable signal VENB. Therefore, it becomes an issue in
which frame the refresh operation is to be performed. This
will be described using a timing chart shown in FIG. 7.
[0081] As shown in FIG. 14A, in the case of performing a
refresh operation for every other frame in the intermittent
refresh, the polarity signal POL is always inan L level and is
not inverted to an H level in a frame in which a refresh
operation is performed. Accordingly, since storage capaci-
tance line driving is stopped (electric potentials of the first to
third storage capacitance lines SC1 to SC3 are fixed), poor
display occurs. In general, in the case of even number refresh
in which a refresh operation is performed only in an even-
numbered frame with a frame, in which the refresh operation
has been performed, as a reference, the above problem occurs
since the polarity of the polarity signal POL is equal.

[0082] Accordingly, as shown in FIG. 14B, when a refresh
operation is performed for every two frames in the intermit-
tent refresh, the polarity signal POL is inverted repeatedly for
a frame in which the refresh operation is performed. That is,
the refresh operation is performed in a 0-th frame, a third
frame, asix frame, . .., and the polarity signal POL is inverted
to have an L level in the O-th frame, an H level in the third
frame, and an L. level in the six frame. Such an operation may
be realized by causing the control circuit 25 to make a control
such that the gate selection enable signal VENB is activated in
the above specific frames.

[0083] Thus, also in the refresh of the non-display region,
the polarity signal POL is inverted in the same manner as in
the display region and the storage capacitance line driving is
performed. As a result, the poor display is prevented. In
general, in the case of odd number refresh in which a refresh
operation is performed only in an odd-numbered frame with
aframe, in which the refresh operation has been performed, as
areference, the above problem can be solved since the polar-
ity of the polarity signal POL is repeatedly inverted.
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What is claimed is:

1. A liquid crystal display device comprising:

a pixel region including a plurality of pixels;

a plurality of storage capacitance lines;

a storage capacitor connected between a pixel electrode of
each of the pixels and each of the storage capacitance
lines;

apolarity signal generating circuit that generates a polarity
signal, which 1s repeatedly inverted between a first level
and a second level for every frame, in a display region of
the pixel region where an image is displayed and that
fixes the polarity signal to the first level or the second
level in a non-display region where an image is not
displayed;

a first switching element that switches an electric potential
of the storage capacitance line according to the polarity
signal generated by the polarity signal generating cit-
cuit; and

a control circuit that when the display region is changed to
the non-display region, makes a control such that a
refresh operation of writing a signal corresponding to
non-display into the pixel electrode of the pixel corre-
sponding to the non-display region is intermittently per-
formed in some frames and the refresh operation is per-
formed in two or more continuous frames.

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

wherein the polarity signal generating circuit includes:

a frame inversion signal generating circuit that generates a
frame inversion signal that is repeatedly inverted
between the first level and the second level for every
frame;

amemory in which data indicating distinction between the
display region of the pixel region where an image is
displayed and the non-display region where an image is
not displayed is stored; and

alogic circuit that outputs the frame inversion signal as the
polarity signal when the data output from the memory
indicates the display region and outputs the polarity
signal fixed to the first level or the second level when the
data output from the memory indicates the non-display
region.

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

wherein the logic circuit is an AND circuit to which the
data output from the memory and the frame inversion
signal generated by the frame inversion signal generat-
ing circuit are applied.

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

further comprising:

alatch circuit that latches the polarity signal generated by
the polarity signal generating circuit on the basis of a
timing signal,

wherein the first switching element switches the electric
potential of the storage capacitance line according to the
polarity signal latched by the latch circuit.

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

further comprising:

a common electrode to which a common electric potential
is applied,;

liquid crystal disposed between the pixel electrode and the
common electrode; and

a second switching element that applies the common elec-
tric potential to the pixel electrode of the pixel corre-
sponding to the non-display region.
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6. A driving method of a liquid crystal display device that
includes a pixel region including a plurality of pixels, a plu-
rality of storage capacitance lines, a storage capacitor con-
nected between a pixel electrode of each of the pixels and
each of the storage capacitance lines, a polarity signal gener-
ating circuit that generates a polarity signal, which is repeat-
edly inverted between a first level and a second level for every
frame, in a display region of the pixel region where an image
is displayed and that fixes the polarity signal to the first level
or the second level in a non-display region where an image is
not displayed, and a first switching element that switches an
electric potential of the storage capacitance line according to
the polarity signal generated by the polarity signal generating
circuit, comprising:

intermittently performing a refresh operation of writing a
signal corresponding to non-display into the pixel elec-
trode of the pixel corresponding to the non-display
region in some frames and performing the refresh opera-
tion in two or more continuous frames when the display
region is changed to the non-display region.

7. A liquid crystal display device comprising:

a pixel region including a plurality of pixels;

a plurality of source lines;

a plurality of gate lines;

a plurality of storage capacitance lines;

a storage capacitor connected between a pixel electrode of
each of the pixels and each of the storage capacitance
lines;

a gate selection circuit that outputs a gate selection signal to
the gate lines;

a first latch circuit that latches a polarity signal, which
repeats inversion alternately between a first level and a
second level for every frame, according to the gate selec-
tion signal;

a first switching element that switches an electric potential
of the storage capacitance line according to an output
signal of the first latch circuit; and

asecond switching element that is provided for every pixel,
switches according to the gate selection signal, and sup-
plies a source signal from the source line to the pixel
electrode,

wherein in a non-display region of the pixel region where
an image is not displayed, a control is made such that a
refresh operation of supplying a source signal corre-
sponding to non-display to the corresponding pixel
through the first switching element is performed in
remaining frames after thinning out two or more frames
and a polarity signal is inverted in a first frame in which
a refresh operation is performed and a second frame in
which a next refresh operation is performed.

8. The liquid crystal display device according to claim 7,

wherein in a display region where the image is displayed, a
control is made such that the source signal is supplied to
the corresponding pixel through the second switching
element and a polarity signal, which is an output signal
of the first latch circuit, is inverted for every frame.

9. The liquid crystal display device according to claim 7,

wherein the gate selection circuit includes a control circuit
that controls a gate selection enable signal such that the
gate selection signal is output on the basis of the gate
selection enable signal.

10. The liquid crystal display device according to claim 7,

further comprising:
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a second latch circuit that latches an output signal of the

first latch circuit according to a timing signal,

wherein the first switching element switches the electric

potential of the storage capacitance line according to an
output signal of the second latch circuit.

11. A driving method of a liquid crystal display device that
includes a pixel region including a plurality of pixels, a plu-
rality of source lines, a plurality of gate lines, a plurality of
storage capacitance lines, a storage capacitor connected
between a pixel electrode of each of the pixels and each of the
storage capacitance lines, a gate selection circuit that outputs
a gate selection signal to the gate lines, a first latch circuit that
latches a polarity signal, which repeats inversion alternately
between a first level and a second level for every frame,
according to the gate selection signal, a first switching ele-
ment that switches an electric potential of the storage capaci-
tance line according to an output signal of the first latch
circuit, and a second switching element that is provided for
every pixel, switches according to the gate selection signal,
and supplies a source signal from the source line to the pixel
electrode, comprising:
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making a control such that in a non-display region of the
pixel region where an image is not displayed, a refresh
operation of supplying a source signal corresponding to
non-display to the corresponding pixel through the first
switching element is performed in remaining frames
after thinning out two or more frames and a polarity
signal is inverted in a first frame in which a refresh
operation is performed and a second frame in which a
next refresh operation is performed.

12. The driving method of a liquid crystal display device

according to claim 11,

wherein the gate selection circuit outputs the gate selection
signal on the basis of a gate selection enable signal and
controls the gate selection enable signal such that the
polarity signal is inverted in the first frame in which a
refresh operation is performed and the second frame in
which a next refresh operation is performed.

L
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