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(57) ABSTRACT

A timing controller carries out display refresh on a display
panel in a first frame which comes one frame after a second
frame in which (i) an image signal supplied from an interface
matches an image signal stored in a frame memory and (ii) a
polarity balance value is equal to a reference value. In this
case, the image signal, having a polarity opposite to that of
pixel applied voltages in the second frame, is supplied to the
display panel in the first frame. This makes it possible to
prevent a deterioration in the display panel while reducing
electric power consumption.
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DISPLAY DEVICE DRIVING METHOD,
DISPLAY DEVICE, AND LIQUID CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method of driving
adisplay device, a display device, and a liquid crystal display
device.

BACKGROUND ART

[0002] Conventionally, liquid crystal display devices have
been mounted in a wide variety of electronic devices. Due to
having advantages such as small thickness, light weight, and
low power consumption, the liquid crystal display devices are
expected to be utilized further in the future.

[0003] Inrecent years, acommon object of various display
devices has been to reduce electric power consumption. As
one of effective techniques of attaining this object, pause
driving has been suggested. After scanning a display panel in
each frame in a scanning period, a display device which
carries out the pause driving does not scan the display panel in
each frame in a next pause period. In the pause period, volt-
ages applied to respective pixels of the display panel in a
previous frame are retained and, accordingly, display of an
image is also maintained. This causes no scanning signal and
no image signal to be supplied to the display panel in the
pause period. Therefore, it is possible to correspondingly
reduce electric power consumption.

[0004] Patent Literature 1 discloses an example of the dis-
play device which carried out the pause driving.

CITATION LIST

Patent Literature 1

[0005] Japanese Patent Application Publication, Tokukai
No. 2002-182619 A (Publication Date: Jun. 26, 2002)
SUMMARY OF INVENTION
Technical Problem

[0006] As one of techniques of carrving out the pause driv-
ing, there is known a technique in which, in a case where an
image corresponding to a previous frame is identical to that
corresponding to a current frame, display of the image corre-
sponding to the previous frame is maintained in the current
frame or a frame which comes one (1) frame after the current
frame, instead of being refreshed. Problems with this tech-
nique will be described below with reference to FIG. 12.
[0007] FIG. 12 is a timing diagram illustrating, in detail,
how control is carried out in each frame while a display device
1s in operation. According to the display device which carries
out control as illustrated in FIG. 12, a host supplies an image
signal to a timing controller via an interface in each frame.
[0008] According to an example illustrated in FIG. 12, in
the second frame, an image signal supplied to the timing
controller via the inter face is different from that stored in a
frame memory. Therefore, the timing controller writes, in the
frame memory, the image signal received in the second frame.
In the third frame, the display device carries out display
refresh on a display panel with the use of the image signal
stored in the frame memory. In this case, the image signal,
having a polarity opposite to that of pixel applied voltages in
the second frame, is supplied to the display panel. This
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causes, in the second frame, (i) a displayed image to be
changed to an image “A” and (ii) the polarity of the pixel
applied voltages to be changed from a negative (~) polarity to
apositive (+) polarity. In the second frame, a polarity balance
value of the pixel applied voltages is “2”. This indicates that
a polarity balance of the pixel applied voltages is biased, by
two, to a positive (+) side.

[0009] After that, as long as frames continue in each of
which an identical image signal is supplied to the timing
controller, the display device does not carry out the display
refresh on the display panel. Thatis, the pixel applied voltages
have the positive (+) polarity without change. This causes the
polarity balance value of the pixel applied voltages to increase
by one for each frame.

[0010] According to the example illustrated in FIG. 12, in
the seventh frame, an image signal supplied to the timing
controller via the interface is different from that stored in the
frame memory. Therefore, the timing controller writes, in the
frame memory, the image signal received in the seventh
frame. In the eighth frame, the display device carries out the
display refresh on the display panel with the use of the image
signal stored in the frame memory. In this case, the image
signal, having a polarity opposite to that of the pixel applied
voltages in the second frame, is supplied to the display panel.
This causes, in the eighth frame, (i) the displayed image to be
changed to an image “B” and (ii) the polarity of the pixel
applied voltages to be changed from the positive (+) polarity
to the negative (=) polarity. In the eighth frame, the polarity
balance value of the pixel applied voltages is “5”. This indi-
cates that the polarity balance of the pixel applied voltages is
biased, by five, to the positive (+) side.

[0011] Inthe ninth frame and each of frames after the ninth
frame, an identical image signal continues to be supplied to
the timing controller 8. Therefore, in the ninth frame and each
of the frames after the ninth frame, the display device 1 does
not carry out the display refresh on the display panel 2. As a
result, the image “B” displayed in the eighth frame continues
to be displayed as it is in the ninth frame and each of the
frames after the ninth frame.

[0012] Meanwhile, in the ninth frame and each of the
frames after the ninth frame, the pixel applied voltages have
the negative (=) polarity without change. This causes the
polarity balance value to continue to decrease by one for each
frame. As a result, in the twenty-fifth frame, the polarity
balance value decreases to “~12”. This indicates that the
polarity balance of the pixel applied voltages is significantly
biased to a negative (-) side. In a case where there is no
change in image signal supplied to the timing controller in
each frame, the polarity balance of the pixel applied voltages
is further biased to the negative (-) side.

[0013] As has been described, according to the display
device in accordance with the conventional technique, the
polarity of the pixel applied voltages tends to be significantly
biased to the positive (+) or negative (-) side. Accordingly,
each voltage applied to a corresponding liquid crystal also
tends to be significantly biased to the positive (+) or negative
(=) side. This results in a deterioration(s) in the liquid crystal
and/or a TFT in the display panel. That is, according to the
conventional technique, it is not possible to prevent a dete-
rioration in the display panel 2, even though electric power
consumption can be reduced.

[0014] The present invention has been made in view of the
above problems and, according to a display device in accor-
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dance with an aspect of the present invention, it is possible to
prevent a deterioration in a display panel while reducing
electric power consumption.

Solution to Problem

[0015] In order to attain the above object, a method of
driving a display device in accordance with an embodiment of
the present invention is a method of driving a display device
which includes a display panel having pixels and which is
configured such that (i) a scanning signal and an image signal
are supplied to the display panel in a scanning frame and (i1)
no scanning signal and no image signal are supplied to the
display panel in a pause frame, the method including:
[0016] supplying an image signal, having a polarity oppo-
site to that of voltages applied to the respective pixels in a
current frame, to the display panel in a next frame, in a case
where a polarity balance value, indicative of a polarity bal-
ance of the pixels in the current frame, is equal to a predeter-
mined reference value.

[0017] In order to attain the above object, a display device
in accordance with an aspect of the present invention is a
display device which includes a display panel having pixels
and which is configured such that (i) a scanning signal and an
image signal are supplied to the display panel in a scanning
frame and (ii) no scanning signal and no image signal are
supplied to the display panel in a pause frame, the display
device further including:

[0018] a supplying section for supplying an image signal,
having a polarity opposite to that of voltages applied to the
respective pixels in a current frame, to the display panel in a
next frame, in a case where a polarity balance value, indica-
tive of a polarity balance of the pixels in the current frame, is
equal to a predetermined reference value.

[0019] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

Advantageous Effects of Invention

[0020] According to a display device in accordance with an
aspect of the present invention, it is possible to prevent a
deterioration in a display panel while reducing electric power
consumption.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG.1isablockdiagram illustrating a configuration
of a main part of a display device in accordance with an
embodiment of the present invention.

[0022] FIG.2isatiming diagram illustrating, in detail, how
control is carried out in each frame while the display device in
accordance with Embodiment 1 of the present invention is in
operation.

[0023] FIG. 3 is atiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Variation 1 of Embodiment 1 of the present
invention is in operation.

[0024] FIG.4isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Variation 2 of Embodiment 1 of the present
invention is in operation.
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[0025] FIG. 5isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Variation 3 of Embodiment 1 of the present
invention is in operation.

[0026] FIG. 6isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Embodiment 2 of the present invention is in
operation.

[0027] FIG. 7isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Variation 1 of Embodiment 2 of the present
invention is in operation.

[0028] FIG. 8isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Variation 2 of Embodiment 2 of the present
invention is in operation.

[0029] FIG. 9isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Embodiment 3 of the present invention is in
operation.

[0030] FIG. 10 is a timing diagram illustrating, in detail,
how control is carried out in each frame while a display device
in accordance with Embodiment 4 of the present invention is
in operation.

[0031] FIG. 11 is a view illustrating characteristics of vari-
ous TFTs, such as a TFT in which an oxide semiconductor is
employed.

[0032] FIG. 12 is a timing diagram illustrating, in detail,
how control is carried out in each frame while a display device
in accordance with a conventional technique is in operation.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0033] The following description will discuss Embodiment
1 of the present invention with reference to FIGS. 1 through 5.
[0034] (Display Device 1)

[0035] FIG. 11is bock diagram illustrating, in detail, a con-
figuration of a display device 1 in accordance with Embodi-
ment 1. As illustrated in FIG. 1, the display device 1 includes
a display panel 2, a gate driver 4 (driving section, output
section), a source driver 6 (driving section), a timing control-
ler 8 (writing section), a frame memory 10, an interface 12,
and a host 14. The timing controller § includes an image
signal determining part 20 (image signal determining sec-
tion), a polarity balance determining part (calculating section,
polarity balance determining section), and a polarity desig-
nating part 24.

[0036] The display panel 2 includes a screen having a plu-
rality of pixels which are arranged in a matrix manner. The
display panel 2 further includes N (N is any integer) scanning
lines G (gate lines) via which the screen is to be selected
line-sequentially so as to be scanned. The display panel 2
further includes M (M is any integer) data lines S (source
lines) via which an image signal is supplied to pixels corre-
sponding to a selected one of the scanning lines G.

[0037] The scanning lines G and the data lines S intersect
with each other. The plurality of pixels are provided near
respective intersections of the scanning lines G and the data
lines S. Each of the plurality of pixels has (i) a TFT (Thin Film
Transistor) 30 which serves as a switching element and (ii) a
pixel electrode. In Embodiment 1, an n-channel TFT is
employed as the TFT 30. The pixel electrode is connected to
a drain of the TFT 30.
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[0038] The display panel 2 further includes a liquid crystal
layer (not illustrated), a common electrode (not illustrated),
and an auxiliary electrode (not illustrated). The common elec-
trode and the auxiliary electrode each face the pixel electrode
via the liquid crystal layer. That is, the display device 1 is a
so-called liquid crystal display device.

[0039] Note that G(n), illustrated in FIG. 1, indicates the
n-th scanning line G, where n is an integer not less than 1
(one) and not more than N. Forexample, G(1), G(2), and G(3)
indicate the first, second, and third scanning lines G, respec-
tively. Note also that S(m) indicates the m-th data line S,
where m is an integer not less than 1 (one) and not more than
M. For example, S(1), S(2), and S(3) indicate the first, second,
and third data lines S, respectively.

[0040] (Flow of Driving)

[0041] A basic flow of a process will be described below
which process is carried out in a case where the display device
1 drives the display panel 2 so that an image is displayed.
[0042] First, the host 14 in the display device 1 supplies a
sync signal and an image signal to the timing controller 8 via
the interface 12. The timing controller 8 receives the sync
signal and the image signal. Note that, in Embodiment 1, the
host 14 supplies, in each frame, a sync signal and an image
signal to the timing controller 8.

[0043] The host 14 supplies, to the timing controller 8, at
least a clock signal, a horizontal sync signal, and a vertical
sync signal, each of which serves as the sync signal. In syn-
chronization with such sync signals, the timing controller 8
supplies, to each circuit, corresponding signals based on
which the each circuit operates. Specifically, the timing con-
troller 8 supplies, to the gate driver 4, various scanning con-
trol signals (a gate start pulse signal GSP, a gate clock signal
GCK, and a gate output enable signal GOE). The timing
controller 8 supplies, to the source driver 6, various sync
signals (a source start pulse signal SSP, a source latch strobe
signal SLS, and a source clock signal SCK).

[0044] The image signal is a signal indicative of an image
corresponding to 1 (one) screen in a frame. According to the
display device 1, the image signal is supplied to the timing
controller 8 from the host 14, in a frame which comes one (1)
frame before a frame in which the image signal is actually
supplied to the display panel 2. The timing controller 8 tem-
porarily stores, in the frame memory 10, the image signal thus
received.

[0045] The frame memory 10 is a volatile memory such as
an eDRAM. The frame memory 10 has at least a memory
region for an image signal in which memory region an image
signal corresponding to 1 (one) frame (1 (one) screen) is
stored. In a case where the timing controller 8 writes a
received image signal in the frame memory 10, the timing
controller 8 writes the received image signal in the memory
region for an image signal.

[0046] The timing controller 8 reads out, from the frame
memory 10, an image signal stored in the frame memory 10,
in a case where a frame, in which the image signal is neces-
sitated, comes. The timing controller § supplies, to the source
driver 6, the image signal thus read out.

[0047] The gate driver 4 starts scanning of the display panel
2 in synchronization with a gate start pulse signal GSP sup-
plied from the timing controller 8. The gate driver 4 sequen-
tially scans the scanning lines G from top to bottom on the
screen of the display panel 2. While scanning the scanning
lines G, the gate driver 4 sequentially supplies a correspond-
ing scanning signal, which has a rectangular shape and which
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causes the TFT 30 to be turned on, to each of the scanning
lines G in synchronization with a gate clock signal GCK,
which is a signal for shifting a scanning line G to be selected.
This causes pixels corresponding to 1 (one) row on the screen
to be selected.

[0048] The source driver 6 calculates, based on an image
signal supplied from the timing controller 8, voltages to be
applied to respective pixels in a selected row, and then applies
the voltages to the respective data lines S. This causes the
image signal to be supplied to pixels (pixel electrodes) on a
selected one of the scanning lines G. Based on a source start
pulse signal SSP supplied from the timing controller 8, the
source driver 6 stores in a register the image signal supplied to
the pixels, in synchronization with a source clock signal SCK.
After storing the image signal, the source driver 6 writes the
image signal in the pixel electrodes of such selected pixels via
the respective data lines S of the display panel 2, in response
to a next source latch strobe signal SLS. An analog amplifier
(not illustrated) of, for example, the source driver 6 is used to
write the image signal.

[0049] According to the display device 1, a common elec-
trode (not illustrated) and an auxiliary electrode (not illus-
trated) are further provided for each of the plurality of pixels
on the screen. The source driver 6 applies a given common
voltage (VCOM) to the common electrode.

[0050] A given voltage (liquid crystal applied voltage) is
thus applied to a liquid crystal layer in each of the plurality of
pixels, in accordance with the voltages of the image signal
supplied to the plurality of pixels. In accordance with this
liquid crystal applied voltage, transmittance of liquid crystal
is controlled. As a result, corresponding backlight, whose
amount varies depending on the transmittance, is outputted
outside the display panel 2 through each of the plurality of
pixels. This causes each of the plurality of pixels to display
luminance which varies depending on the image signal sup-
plied to the each of the plurality of pixels. Consequently, the
display panel 2 displays, on the screen, an image which varies
depending on the image signal.

[0051] The display device 1 carries out so-called pause
driving (later described in detail). Specifically, a scanning
signal and an image signal are supplied, in a scanning frame,
to the display panel 2. In contrast, no scanning signal and no
image signal are supplied, in a pause frame, to the display
panel 2.

[0052] (Details of Drive Control)

[0053] FIG.2isatiming diagram illustrating, in detail, how
control is carried out in each frame while the display device 1
in accordance with Embodiment 1 of the present invention is
in operation. Note that, in a frame which comes one (1) frame
before the first frame illustrated in FIG. 2, an image “Z” is
displayed on the display panel 2. Note also that an image
signal indicative of the image “Z” is stored in the frame
memory 10. Note also that voltages to be applied to respective
pixels (hereinafter, referred to as pixel applied voltages) have
a negative (=) polarity.

[0054] (Polarity Balance Value)

[0055] According to the display device 1 of Embodiment 1,
the polarity balance determining part 22 calculates, in each
frame, a polarity balance value indicative of a polarity bal-
ance of pixel applied voltages. In a case where the pixel
applied voltages have a positive (+) polarity, the polarity
balance determining part 22 adds, in each frame, “1 (one),”
which is a certain value, to the polarity balance value. On the
other hand, in a case where the pixel applied voltages have a
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negative (=) polarity, the polarity balance determining part 22
subtracts “1 (one),” which is a certain value, from the polarity
balance value. The display device 1 carries out a characteris-
tic process depending on the polarity balance value so as to
prevent a deterioration in quality of the display panel 2 (later
described in detail). In Embodiment 1, the polarity balance
value in a frame which comes one (1) frame before the first
frame is 3.

[0056] (Process in First Frame)

[0057] In the first frame illustrated in FIG. 2, the host 14
supplies an image signal indicative of the image “Z” to the
timing controller 8 via the interface 12. The image signal
determining part 20 determines whether or not, in the first
frame, the image signal thus supplied to the timing controller
8 matches the image signal stored in the frame memory 10. As
described above, in the first frame, the image signal indicative
of theimage “Z” is stored in the frame memory 10. Therefore,
the image signal determining part 20 determines that, in the
first frame, the image signal supplied to the timing controller
8 matches the image signal stored in the frame memory 10.
[0058] Such a determination causes the timing controller 8
not to write, in the frame memory 10, the image signal thus
received. This ultimately causes (i) the image signal stored in
the frame memory 10 not to be changed and (i1) the timing
controller 8 not to drive the display panel 2. Specifically, the
timing controller 8 supplies, to the gate driver 4, a control
signal which instructs the gate driver 4 not to supply a scan-
ning signal to the display panel 2. Meanwhile, the timing
controller 8 does not supply any image signal to the source
driver 6. As a result, in the first frame, the gate driver 4 does
not supply a scanning signal to any of the scanning lines G,
and the source driver 6 does not supply an image signal to any
of the data lines S. Therefore, refresh of display on the display
panel 2 is not carried out.

[0059] Inthe first frame, the voltages, applied to the respec-
tive plurality of pixels in the frame which comes one (1) frame
before the first frame, continues to be applied, as they are, to
the respective plurality of pixels. It follows that each voltage,
applied to a corresponding liquid crystal of the display panel
2 in the frame before the first frame, is maintained as it is in
the first frame. As a result, display of the image “Z” is main-
tained as it is in the first frame.

[0060] The pixel applied voltages in the first frame have a
polarity identical to that of the pixel applied voltages in the
frame which comes one (1) frame before the first frame. That
is, the plurality of pixels have a negative (=) polarity in the
first frame. The polarity balance determining part 22 accord-
ingly subtracts “1 (one)”, which is a certain value, from a
current polarity balance value. This results in that the polarity
balance value is “2” in the first frame.

[0061] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value calculated in
the first frame is equal to a predetermined reference value.
Note, in Embodiment 1, that the predetermined reference
value is “0 (zero)” or “8.” Therefore, the polarity balance
determining part 22 determines that the polarity balance value
in the first frame is not equal to the predetermined reference
value.

[0062] (Process in Second Frame)

[0063] Thehost 14 supplies, in the second frame illustrated
in FIG. 2, an image signal indicative of an image “A” to the
timing controller 8 via the interface 12. The image signal
determining part 20 determines whether or not, in the second
frame, the image signal thus supplied to the timing controller
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8 matches the image signal stored in the frame memory 10. As
a result, in the second frame, the image signal determining
part 20 determines that the image signal supplied to the timing
controller 8 does not match the image signal stored in the
frame memory 10.

[0064] Such a determination causes the timing controller 8
to (i) delete the image signal, indicative of the image “Z”,
stored in the frame memory 10 and (ii) write, in the frame
memory 10, the image signal supplied from the host 14. It
follows that the image signal, indicative of the image “Z”,
stored in the frame memory 10 is replaced with the image
signal indicative of the image “A”. The timing controller 8
sets a driving period (first driving period) made up of at least
one successive scanning frame, i.e., the third frame (which
follows the second frame) only or the third frame and suc-
ceeding frame(s). In Embodiment 1, the first driving period is
made up of one (1) scanning frame. In accordance with this
setting, the display device 1 drives the display panel 2 in the
third frame of the first driving period (later described in
detail).

[0065] Thedisplay device 1 does not drive the display panel
2inthe second frame. This causes the refresh of the display on
the display panel 2 not to be carried out. Consequently, in the
second frame, the display of the image “Z” is maintained as it
is, and the pixel applied voltages have the negative (-) polar-
ity. The polarity balance determining part 22 accordingly
subtracts “1 (one)” from the current polarity balance value.
This results in that the polarity balance value is “1 (one)” in
the second frame.

[0066] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value thus calcu-
lated in the first frame is equal to the predetermined reference
value. As a result, the polarity balance determining part 22
determines that the polarity balance value in the second frame
is not equal to the predetermined reference value.

[0067] (Process in Third Frame)

[0068] Thehost 14 supplies, in the third frame illustrated in
FIG. 2, an image signal indicative of the image “A” to the
timing controller 8 via the interface 12. In the third frame, the
image signal thus supplied to the timing controller 8 matches
the image signal stored in the frame memory 10. Therefore,
the image signal stored in the frame memory 10 is not
changed.

[0069] As described above, the display device 1 is set so
that the first driving period is made up of the third frame.
Thus, the display device 1 drives the display panel 2 in the
third frame. Specifically, the timing controller 8 supplies, to
the gate driver 4, a control signal which instructs the gate
driver 4 to supply a scanning signal to the display panel 2.
Meanwhile, the timing controller 8 reads out, from the frame
memory 10, the image signal indicative of the image “A,” and
then supplies the image signal thus read out to the source
driver 6. Furthermore, the polarity designating part 24 in the
timing controller 8 generates a polarity designation signal
which designates a polarity of the image signal that is to be
supplied to the display panel 2, and then supplies the polarity
designation signal thus generated to the source driver 6. In
doing so, the polarity designating part 24 generates a polarity
designation signal which designates a polarity opposite to
that of the pixel applied voltages in the second frame followed
by the third frame. That is, in the third frame, the polarity
designating part 24 supplies, to the source driver 6, a polarity
designation signal which designates a positive (+) polarity.
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[0070] The gate driver 4 sequentially supplies each scan-
ning signal to a corresponding one of the scanning lines G in
response to the control signal supplied from the timing con-
troller 8. The source driver 6 determines the polarity of the
image signal, to be supplied to the display panel 2, in accor-
dance with the polarity designation signal supplied from the
timing controller 8. The source driver 6 then supplies, to the
data lines S, the image signal having the polarity thus detet-
mined. This causes the refresh of the display on the display
panel 2 to be carried out in the third frame. As a result, an
image displayed on the display panel 2 is changed from the
image “Z” to the image “A”.

[0071] The pixel applied voltages have, in the third frame,
a polarity opposite to that of the pixel applied voltages in a
frame which comes one (1) frame before the third frame. That
is, the plurality of pixels have a positive (+) polarity in the
third frame. The polarity balance determining part 22 accord-
ingly adds “1 (one)” to the current polarity balance value.
This results in that the polarity balance value is “2” in the third
frame.

[0072] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value thus calcu-
lated in the third frame is equal to the predetermined reference
value. As a result. the polarity balance determining part 22
determines that the polarity balance value in the third frame is
not equal to the predetermined reference value.

[0073] (Process in Each of Fourth Frame Through Sixth
Frame)
[0074] An image signal, supplied to the timing controller 8

via the interface 12 in each of the fourth frame through the
sixth frame illustrated in FIG. 2, is an image signal indicative
of the image “A.” That is, in each of the fourth frame through
the sixth frame, the image signal supplied to the timing con-
troller 8 matches the image signal stored in the frame memory
10. Therefore, the pixel applied voltages in the third frame are
maintained as they are in each of the fourth frame through the
sixth frame. This causes display refresh on the display panel
2 not to be carried out. It follows that a displayed image “A”
remains unchanged.

[0075] 1In each of the fourth frame through the sixth frame,
the pixel applied voltages have a positive (+) polarity without
change. Therefore, the polarity balance value increases by
one in each of the fourth frame through the sixth frame. This
results in that the polarity balance value is “5” in the sixth
frame. Note that, in each of the fourth frame through the sixth
frame, the polarity balance determining part 22 determines
that the polarity balance value is not equal to the predeter-
mined reference value.

[0076] (Process in Seventh Frame)

[0077] Thehost 14 supplies, inthe seventh frame illustrated
in FIG. 2, an image signal indicative of an image “B” to the
timing controller 8 via the interface 12. The image signal
determining part 20 determines whether or not, in the second
frame, the image signal thus supplied to the timing controller
8 matches the image signal stored in the frame memory 10. As
a result, in the second frame, the image signal determining
part 20 determines that the image signal supplied to the timing
controller 8 does not match the image signal stored in the
frame memory 10.

[0078] Such a determination causes the timing controller 8
to (i) delete the image signal, indicative of the image “A”,
stored in the frame memory 10 and (i1) write, in the frame
memory 10, the image signal supplied from the host 14. It
follows that the image signal, indicative of the image “A”,
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stored in the frame memory 10 is replaced with the image
signal indicative of the image “B”. The timing controller 8
sets a driving period (first driving period) made up of at least
one successive frame, i.e., the eighth frame (which follows
the seventh frame) only or the eighth frame and succeeding
frame(s). In Embodiment 1, the first driving period is made up
of one scanning frame. In accordance with this setting, the
display device 1 drives the display panel 2 in the eighth frame
in the driving period (later described in detail).

[0079] Thedisplay device 1 does not drive the display panel
2 in the seventh frame. This causes the refresh of the display
on the display panel 2 not to be carried out. Consequently, in
the seventh frame, display of the image “A” is maintained as
it is, and the pixel applied voltages have the positive (+)
polarity. The polarity balance determining part 22 accord-
ingly adds “1 (one)” to the current polarity balance value.
This results in that the polarity balance value is “6” in the
seventh frame.

[0080] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value thus calcu-
lated in the seventh frame is equal to the predetermined ref-
erence value. As a result, the polarity balance determining
part 22 determines that the polarity balance value in the
seventh frame is not equal to the predetermined reference
value.

[0081]

[0082] The host 14 supplies, in the eighth frame illustrated
in FIG. 2, an image signal indicative of the image “B” to the
timing controller 8 via the interface 12. In the eighth frame,
the image signal thus supplied to the timing controller 8
matches the image signal stored in the frame memory 10.
Therefore, the image signal stored in the frame memory 10 is
not changed.

[0083] As has been described, the display device 1 is set so
that the first driving period is made up of the eighth frame.
Thus, the display device 1 drives the display panel 2 in the
eighth frame. Specifically, the timing controller 8 supplies, to
the gate driver 4, a control signal which instructs the gate
driver 4 to supply a scanning signal to the display panel 2.
Meanwhile, the timing controller 8 reads out, from the frame
memory 10, the image signal indicative of the image “B,” and
supplies the image signal thus read out to the source driver 6.
Furthermore, the polarity designating part 24 in the timing
controller 8 generates a polarity designation signal which
designates a polarity of the image signal that is to be supplied
to the display panel 2, and then supplies the polarity desig-
nation signal thus generated to the source driver 6. In doing
s0, the polarity designating part 24 generates a polarity des-
ignation signal which designates a polarity opposite to that of
the pixel applied voltages in the seventh frame followed by
the eighth frame. That is, in the eighth frame, the polarity
designating part 24 supplies, to the source driver 6, a polarity
designation signal which designates a negative (-) polarity.

[0084] The gate driver 4 sequentially supplies each scan-
ning signal to a corresponding one of the scanning lines G in
response to the control signal supplied from the timing con-
troller 8. The source driver 6 determines the polarity of the
image signal, to be supplied to the display panel 2, in accor-
dance with the polarity designation signal supplied from the
timing controller 8. The source driver 6 then supplies, to the
data lines S, the image signal having the polarity thus deter-
mined. This causes the refresh of the display on the display

(Process in Eighth Frame)
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panel 2 to be carried out in the third frame. As a result, the
image displayed on the display panel 2 is changed from the
image “Z” to the image “A”.

[0085] The pixel applied voltages have, in the eighth frame,
a polarity opposite to that of the pixel applied voltages in a
frame which comes one (1) frame before the eighth frame.
That is, the plurality of pixels have the negative (-) polarity in
the eighth frame. The polarity balance determining part 22
accordingly subtracts “1 (one)” from the current polarity
balance value. This results in that the polarity balance value is
“5” in the eighth frame.

[0086] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value thus calcu-
lated in the eighth frame is equal to the predetermined refer-
ence value. As a result, the polarity balance determining part
22 determines that the polarity balance value in the eighth
frame is not equal to the predetermined reference value.

[0087] (Process in Each of Ninth Frame Through Twelfth
Frame)
[0088] An image signal supplied to the timing controller 8

via the interface 12 in each of the ninth frame through the
twelfth frame illustrated in FIG. 2 is an image signal indica-
tive of the image “B”. That is, in each of the ninth frame
through the twelfth frame, the image signal supplied to the
timing controller 8 matches the image signal stored in the
frame memory 10. Therefore, the pixel applied voltages in the
eighth frame are maintained as they are in each of the ninth
frame through the twelfth frame. This causes the display
refresh on the display panel 2 not to be carried out. It follows
that a displayed image “B” remains unchanged.

[0089] Ineach of the ninth frame through the twelfth frame,
the pixel applied voltages have the negative () polarity with-
out change. Therefore, the polarity balance value decreases
by one in each of the ninth frame through the twelfth frame.
This results in that the polarity balance value is “1 (one)” in
the twelfth frame. Note that, in each of the ninth frame
through the twelfth frame, the polarity balance determining
part 22 determines that the polarity balance value is not equal
to the predetermined reference value.

[0090] (Process in Thirteenth Frame)

[0091] An image signal supplied to the timing controller 8
via the interface 12 in the thirteenth frame illustrated in FIG.
2 is animage signal indicative of the image “B”. That s, in the
thirteenth frame, the image signal thus supplied to the timing
controller 8 matches the image signal stored in the frame
memory 10. Therefore, the pixel applied voltages in the
eighth frame are maintained as they are in the thirteenth
frame. This causes the display refresh on the display panel 2
not to be carried out. It follows that the displayed image “B”
remains unchanged.

[0092] In the thirteenth frame, the pixel applied voltages
have the negative (-) polarity without change. This results in
that the polarity balance value is “0 (zero)” in the thirteenth
frame. The polarity balance determining part 22 therefore
determines that the polarity balance value in the thirteenth
frame is equal to the predetermined reference value. The
timing controller 8 then sets a driving period (second driving
period) made up of at least one successive frame, i.e., the
fourteenth frame (which follows the thirteenth frame) only or
the fourteenth frame and succeeding frame(s). In Embodi-
ment 1, the second driving period is made up of one scanning
frame. In accordance with this setting, the display device 1
drives the display panel 2 in the fourteenth frame in the
second driving period (later described in detail).
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[0093] (Process in Fourteenth Frame)

[0094] The host 14 supplies, in the fourteenth frame illus-
trated in FIG. 2, an image signal indicative of the image “B”
to the timing controller 8 viathe interface 12. In the fourteenth
frame, the image signal thus supplied to the timing controller
8 matches the image signal stored in the frame memory 10.
Therefore, the image signal stored in the frame memory 10 is
not changed.

[0095] As has been described, the display device 1 is set so
that the second driving period is made up of the fourteenth
frame. Thus, the display device 1 drives the display panel 2 in
the fourteenth frame. Specifically, the timing controller 8
supplies, to the gate driver 4, a control signal which instructs
the gate driver 4 to supply a scanning signal to the display
panel 2. Meanwhile, the timing controller 8 reads out, from
the frame memory 10, the image signal indicative of the
image “B,” and then supplies the image signal thus read out to
the source driver 6. Note that the timing controller 8 can
alternatively supply, to the source driver 6, the image signal
received from the host 14 instead of the image signal stored in
the frame memory 10.

[0096] Furthermore, the polarity designating part 24 in the
timing controller 8 generates a polarity designation signal
which designates the polarity of the image signal that is to be
supplied to the display panel 2, and then supplies the polarity
designation signal thus generated to the source driver 6. In
doing so, the polarity designating part 24 generates a polarity
designation signal which designates a polarity opposite to
that of the pixel applied voltages in the thirteenth frame
followed by the fourteenth frame. That is, in the fourteenth
frame, the polarity designating part 24 supplies, to the source
driver 6, a polarity designation signal which designates a
positive polarity (+).

[0097] The gate driver 4 sequentially supplies each scan-
ning signal to a corresponding one of the scanning lines G in
response to the control signal supplied from the timing con-
troller 8. The source driver 6 determines the polarity of the
image signal, to be supplied to the display panel 2, in accor-
dance with the polarity designation signal supplied from the
timing controller 8. The source driver 6 then supplies, to the
data lines S, the image signal having the polarity thus deter-
mined. This causes the refresh of the display on the display
panel 2 to be carried out in the fourteenth frame. However, the
displayed image “B” remains unchanged.

[0098] The pixel applied voltages have, in the fourteenth
frame, apolarity opposite to that of the pixel applied voltages
in a frame which comes one (1) frame before the fourteenth
frame. That is, the plurality of pixels have the positive (+)
polarity in the fourteenth frame. The polarity balance deter-
mining part 22 accordingly adds “1 (one)” to the current
polarity balance value. This results in that the polarity balance
value is “1 (one)” in the fourteenth frame.

[0099] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value thus calcu-
lated 1n the fourteenth frame is equal to the predetermined
reference value. As a result, the polarity balance determining
part 22 determines that the polarity balance value in the
fourteenth frame is not equal to the predetermined reference
value.

[0100] (Process in Each of Fifteenth Frame Through Twen-
tieth Frame)
[0101] An image signal, supplied to the timing controller 8

via the interface 12 in each of the fifteenth frame through the
twentieth frame illustrated in FIG. 2, is an image signal
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indicative of the image “B.” That is, in each of the fifteenth
frame through the twentieth frame, the image signal supplied
to the timing controller 8 matches the image signal stored in
the frame memory 10. Therefore, the pixel applied voltages in
the thirteenth frame are maintained as they are in each of the
fifteenth frame through the twentieth frame. This causes the
display refresh on the display panel 2 not to be carried out. It
follows that the displayed image “B” remains unchanged.
[0102] In each of the fifteenth frame through the twentieth
frame, the pixel applied voltages have the positive (+) polarity
without change. Therefore, the polarity balance value
increases by one in each of the fifteenth frame through the
twentieth frame. This results in that the polarity balance value
1s ““7” in the twentieth frame. Note that, in each of the fifteenth
frame through the twentieth frame, the polarity balance deter-
mining part 22 determines that the polarity balance value is
not equal to the predetermined reference value.

[0103] (Process in Twenty-First Frame)

[0104] Animage signal, supplied to the timing controller 8
via the interface 12 in the twenty-first frame illustrated in
FIG. 2, is an image signal indicative of the image “B.” That is,
in the twenty-first frame, the image signal supplied to the
timing controller 8 matches the image signal stored in the
frame memory 10. Therefore, the pixel applied voltages in the
eighth frame are maintained as they are in the twenty-first
frame. This causes the display refresh on the display panel 2
not to be carried out. It follows that the displayed image “B”
remains unchanged.

[0105] Inthe twenty-first frame, the pixel applied voltages
have the positive (+) polarity without change. This results in
that the polarity balance value is “8” in the twenty-first frame.
The polarity balance determining part 22 therefore deter-
mines that the polarity balance value in the twenty-first frame
is equal to the predetermined reference value. The timing
controller 8 then sets a driving period (second driving period)
made up of at least one successive frame, i.e., the twenty-first
frame (which follows the twentieth frame) only or the twenty-
first frame and succeeding frame(s). In Embodiment 1, the
second driving period is made up of one scanning frame. In
accordance with this setting, the display device 1 drives the
display panel 2 in the twenty-second frame in the second
driving period (later described in detail).

[0106] (Process in Twenty-Second Frame)

[0107] The host 14 supplies, in the twenty-second frame
illustrated in FIG. 2, an image signal indicative of the image
“B” to the timing controller 8 via the interface 12. The image
signal determining part 20 determines whether or not, in the
twenty-second frame, the image signal thus supplied to the
timing controller 8 matches the image signal stored in the
frame memory 10. As a result, in the twenty-second frame,
the image signal determining part 20 determines that the
image signal supplied to the timing controller 8 matches the
image signal stored in the frame memory 10. Such a determi-
nation causes the timing controller 8 not to write, in the frame
memory 10, the image signal thus received. This ultimately
causes the image signal stored in the frame memory 10 not to
be changed.

[0108] As described above, the display device 1 is set so
that the second driving period is made up of the twenty-
second frame. Thus, the display device 1 drives the display
panel 2 in the twenty-second frame. Specifically, the timing
controller 8 supplies, to the gate driver 4, a control signal
which instructs the gate driver 4 to supply ascanning signal to
the display panel 2. Meanwhile, the timing controller 8 reads
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out, from the frame memory 10, the image signal indicative of
the image “B,” and then supplies the image signal to the
source driver 6. Furthermore, the polarity designating part 24
in the timing controller 8 generates a polarity designation
signal which designates the polarity ofthe image signal that is
to be supplied to the display panel 2, and then supplies the
polarity designation signal thus generated to the source driver
6. In doing so, the polarity designating part 24 generates a
polarity designation signal which designates a polarity oppo-
site to that of the pixel applied voltages in the twenty-first
frame followed by the twenty-second frame. That is, in the
twenty-second frame, the polarity designating part 24 sup-
plies, to the source driver 6, a polarity designation signal
which designates a negative polarity (-).

[0109] The gate driver 4 sequentially supplies each scan-
ning signal to a corresponding one of the scanning lines G in
response to the control signal supplied from the timing con-
troller 8. The source driver 6 determines the polarity of the
image signal, to be supplied to the display panel 2, in accor-
dance with the polarity designation signal supplied from the
timing controller 8. The source driver 6 then supplies, to the
data lines S, the image signal having the polarity thus deter-
mined. This causes the refresh of the display on the display
panel 2 to be carried out in the twenty-second frame. How-
ever, the displayed image “B” remains unchanged.

[0110] In the twenty-second frame, the pixel applied volt-
ages have a polarity opposite to that of the pixel applied
voltages in a frame which comes one (1) frame before the
twenty-second frame. That is, the plurality of pixels have the
negative (-) polarity in the twenty-second frame. The polarity
balance determining part 22 accordingly subtracts “1 (one)”
from the current polarity balance value. This results in that the
polarity balance value is “7” in the twenty-second frame.
[0111] The polarity balance determining part 22 deter-
mines whether or not the polarity balance value thus calcu-
lated in the twenty-second frame is equal to the predeter-
mined reference value. As a result, the polarity balance
determining part 22 determines that the polarity balance value
in the twenty-first frame is not equal to the predetermined
reference value.

[0112] (Process in Each of Twenty-Third Frame Through
Twenty-Fifth Frame)

[0113] An image signal, supplied to the timing controller 8
via the interface 12 in each of the twenty-third frame through
the twenty-fifth frame illustrated in FIG. 2, is an image signal
indicative of the image “B.” That is, in each of the twenty-
third frame through the twenty-fifth frame, the image signal
supplied to the timing controller 8 matches the image signal
stored in the frame memory 10. Therefore, the pixel applied
voltages in the twenty-second frame is maintained as they are
each of the twenty-third frame through the twenty-fifth frame.
This causes the display refresh on the display panel 2 not to be
carried out. It follows that the displayed image “B” remains
unchanged.

[0114] In each of the twenty-third frame through the
twenty-fifth frame, the pixel applied voltages have the nega-
tive (-) polarity without change. Therefore, the polarity bal-
ance value decreases by one in each of the twenty-third frame
through the twenty-fifth frame. This results in that the polarity
balance value is “4” in the twenty-fifth frame. Note that, in
each of the twenty-third frame through the twenty-fifth frame,
the polarity balance determining part 22 determines that the
polarity balance value is not equal to the predetermined ref-
erence value.



US 2016/0012787 A1

[0115] (Operation and Effects)

[0116] According to the display device 1 of Embodiment 1,
a first driving period is set, as has been described, in a case
where an image signal corresponding to a current frame does
not match that corresponding to a previous frame. Note here
that the “previous frame” means a frame which comes one (1)
frame before the current frame. In a case where (i) the image
signal corresponding to the current frame matches that cor-
responding to the previous frame and (ii) a polarity balance
value is equal to a reference value, the display device 1 sets a
second driving period. The display panel 2 is driven merely in
the first or second driving period. In a frame which is not
included in any of the first and second driving periods, the
display panel 2 is not driven. That is, an image displayed in
the first or second driving period continues to be displayed as
it is. Therefore, according to the display device 1 in accor-
dance with Embodiment 1, it is possible to reduce electric
power consumption, as compared with the conventional tech-
nique in which a display panel is absolutely driven in each
frame.

[0117] Further, according to the display device 1, in a case
where the polarity balance value in the current frame is equal
to the reference value, pixel applied voltages have a reversed
polarity in a next frame. Note here that the “next frame”
means a frame which comes one (1) frame after the current
frame. According to the display device 1, evenin a case where
pause frames continue for a long time period, the pixel
applied voltages have a polarity which does not continue to be
biased to positive or negative. Therefore, it is possible to
maintain, within a given range (in Embodiment 1, range from
0 (zero) to 8), a polarity balance of the pixel applied voltages.

[0118] Furthermore, in the first frame of the first driving
period, the image signal, having a polarity opposite to that of
the pixel applied voltages in a frame which comes one (1)
frame before the first frame in the first driving period, is
supplied to the display panel 2. This causes (1) a displayed
image to be switched to another and (ii) the pixel applied
voltages have a reversed polarity. Therefore, it is possible to
prevent the pixel applied voltages from having a polarity
which is extremely biased to positive (+) or negative (-). In
other words, it is possible to maintain, within the given range
(in Embodiment 1, range from 0 (zero) to 8), the polarity
balance of the pixel applied voltages.

[0119] Moreover, in the first frame of the second driving
period, the image signal, having the polarity opposite to that
of the pixel applied voltages in a frame which comes one (1)
frame before the first frame in the second driving period, is
supplied to the display panel 2. This causes (i) an identical
image to continue to be displayed and (ii) the pixel applied
voltages to have a reversed polarity. Therefore, itis possible to
prevent the pixel applied voltages from having a polarity
which is extremely biased to positive (+) or negative (). In
other words, it is possible to maintain, within the given range
(in Embodiment 1, range from 0 (zero) to 8), the polarity
balance of the pixel applied voltages.

[0120] As has been described, according to the display
device 1 in accordance with Embodiment 1, each voltage,
applied to a corresponding liquid crystal in the display panel
2, also is not extremely biased to positive (+) or negative (-).
This makes it possible to prevent a deterioration(s) in the
liquid crystal and/or the TFT 30 in the display panel 2. As a
result, according to the display device 1 in accordance with
Embodiment 1, it is possible to prevent a deterioration in the

Jan. 14,2016

display panel 2 while reducing electric power consumption.
Accordingly, a quality of the displayed image will never be
deteriorated.

[0121]

[0122] The display device 1 in accordance with Embodi-
ment 1 can be alternatively arranged such that, in a current
frame, an image signal supplied to the timing controller 8 is
absolutely stored in the frame memory 10. In this case,
regardless of whether the image signal supplied to the timing
controller 8 matches or does not match that stored in the frame
memory 10 in the current frame, the image signal supplied to
the timing controller 8 is absolutely stored in the frame
memory 10.

[0123] [Variation 1]

[0124] The following description will discuss Variation 1 of
Embodiment 1. Configurations in Variation 1 which are iden-
tical to those in Embodiment 1 will not be described in detail.

[0125] FIG. 3 is a second timing diagram illustrating, in
detail, how control is carried out in each frame while a display
device 1 in accordance with Variation 1 of Embodiment 1 of
the present invention is in operation. According to an example
illustrated in FIG. 3, a first driving period is made up of a
plurality of frames. Specifically, a first driving period, in
which an image “A” is displayed, is made up of the third
frame through the fifth frame. Meanwhile, a first driving
period, in which an image “B” is displayed, is made up ofthe
eighth frame through the tenth frame.

[0126] Processes, carried out in the first frame through the
third frame in Variation 1, are basically identical to those
carried out in the first frame through the third frame in
Embodiment 1. Note, however, a timing controller § sets, in
the second frame, the first driving period made up of three
successive scanning frames, i.e., the third frame (which fol-
lows the second frame) and succeeding frames. This causes a
display panel 2 to be driven not only in the third frame but also
in the fourth and fifth frames.

[0127] The display device 1 is configured such that an
image signal, to be supplied to the display panel 2, has a
polarity which is reversed for each frame in the first driving
period in which the image “A” is displayed. Specifically, in
the fourth frame, the image signal, having a negative (-)
polarity, is supplied to the display panel 2. In the fifth frame,
the image signal, having a positive (+) polarity, is supplied to
the display panel 2. Note that, in the first frame, although the
image signal supplied to the display panel 2 varies in polarity,
the image signal does not vary in the image signal being an
image signal indicative of the image “A.” Therefore, the
image “A,” displayed on the display panel 2, remains
unchanged in each of the third frame through the fifth frame.
[0128] Meanwhile, pixel applied voltages have a polarity
which is reversed for each of the third frame through the fifth
frame. Therefore, a polarity balance value increases or
decreases by one for each frame. In Variation 1, the polarity
balance value changes from “2” to “2,” through “1 (one),” as
the frame is changed from the third frame to the fifth frame,
through the fourth frame.

[0129] Processes carried out in the sixth frame through the
eighth frame in Variation 1 are basically identical to those
carried out in the sixth frame and the seventh frame in
Embodiment 1. Note, however, that the timing controller 8
sets, in the seventh frame, a driving period made up of three
successive frames, i.e., the eighth frame (which follows the

(Storage of Image Signal)
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seventh frame) and succeeding frames. This causes the dis-
play panel 2 to be driven not only in the eighth frame but also
in the ninth and tenth frames.

[0130] The display device 1 is configured such that an
image signal, to be supplied to the display panel 2, has a
polarity which is reversed for each frame in the first driving
period in which the image “B” is displayed. Specifically, in
the eighth frame, the image signal, having a negative (=)
polarity, is supplied to the display panel 2. In the ninth frame,
the image signal, having a positive (+) polarity, is supplied to
the display panel 2. In the tenth frame, the image signal,
having the negative (-) polarity, is supplied to the display
panel 2. In the eighth frame through the tenth frame, although
the image signal supplied to the display panel 2 varies in
polarity, the image signal does not vary in the image signal
being an image signal indicative of the image “A” Therefore,
the image “A,” displayed on the display panel 2, remains
unchanged in each of the eighth frame through the tenth
frame. Meanwhile, the pixel applied voltages have a polarity
which is reversed for each of the eighth frame through the
tenth frame. Therefore, the polarity balance value increases or
decreases by one for each frame. In Variation 1, the polarity
balance value changes from “3” to “3,” through “4,” as the
frame is changed from the eighth frame to the tenth frame,
through the ninth frame.

[0131] Note that processes carried outin the eleventh frame
through the twenty-fifth frame are completely identical to
those carried out in the eleventh frame through the twenty-
fifth frame in Embodiment 1.

[0132] (Operation and Effects)

[0133] In Vanation 1, similar to Embodiment 1, it is thus
possible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
a displayed image will never be deteriorated. In addition, in
Variation 1, a first driving period is made up of a plurality of
successive frames. That is, in the first driving period, one and
the same image is continuously displayed over the plurality of
successive frames. This makes it possible to prevent occur-
rence of an afterimage of the displayed image. Moreover, in
Variation 1, pixel applied voltages have a polarity which is
reversed for each frame in the first driving period. This makes
it possible to further prevent a deterioration in the display
panel.

[0134] [Variation 2]

[0135] Thefollowing description will discuss Variation 2 of
Embodiment 1. Configurations in Variation 2 which are iden-
tical to those in Variation 1 will not be described in detail.

[0136] FIG.41isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device 1 in
accordance with Variation 2 of Embodiment 1 of the present
invention is in operation. According to an example illustrated
in FIG. 4, a first driving period is made up of a plurality of
frames. Specifically, a first driving period, in which an image
“A” is displayed, is made up of the third frame through the
fifth frame. Meanwhile, a first driving period, in which an
image “B” is displayed, is made up of the eighth frame
through the tenth frame.

[0137] A second driving period is made up of a plurality of
frames. Specifically, a second driving period, in which an
image “B” is displayed, is made up of the fourteenth frame
through the sixteenth frame. Meanwhile, another second
driving period, in which the image “B” is displayed, is made
up of the twenty-fourth frame through the twenty-sixth frame.
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[0138] Processes carried out in the first frame through the
fourteenth frame in Variation 2 are basically identical to those
carried out in the first frame through the thirteenth frame in
Variation 1. Note, however, that a timing controller 8 sets, in
the fourteenth frame, the second driving period made up of
three successive scanning frames, i.e., the fifteenth frame
(which follows the fourteenth frame) and succeeding frames.
This causes a display panel 2 to be driven not only in the
fourteenth frame but also in the fifteenth and sixteenth
frames.

[0139] The display device 1 is configured such that an
image signal, to be supplied to the display panel 2, has a
polarity which is reversed for each frame in the second driv-
ing period in which the image “B” is displayed. Specifically,
in the fourteenth frame, the image signal, having a positive (+)
polarity, is supplied to the display panel 2. In the fifteenth
frame, the image signal, having a negative (=) polarity, is
supplied to the display panel 2. In the sixteenth frame, the
image signal, having the positive (+) polarity, is supplied to
the display panel 2.

[0140] Note that, in the second driving period, although the
image signal supplied to the display panel 2 varies in polarity,
the image signal does not vary in the image signal being an
image signal indicative of the image “B”. Therefore, the
image “B,” displayed on the display panel 2, remains
unchanged in each of the fourteenth frame through the six-
teenth frame.

[0141] Meanwhile, pixel applied voltages have a polarity
which is reversed for each of the fourteenth frame through the
sixteenth frame. Therefore, a polarity balance value increases
or decreases by one for each frame. In Variation 2, the polarity
balance value changes from “1 (one)” to ““1 (one),” through “0
(zero),” as the frame is changed from the fourteenth frame to
the sixteenth frame, through the fifteenth frame.

[0142] Processes carried out in the seventeenth frame
through the twenty-third frame in Variation 2 are basically
identical to those carried out in the fifteenth frame to the
twenty-first frame in Embodiment 1. Note, however, that the
timing controller 8 sets, in the twenty-third frame, the another
second driving period made up of three successive frames,
i.e., the twenty-fourth frame (which follows the twenty-third
frame) and succeeding frames. This causes the display panel
2 to be driven not only in the twenty-fourth frame but also in
the twenty-fifth and twenty-sixth frames.

[0143] Thedisplay device1 is also configured such that the
image signal, to be supplied to the display panel 2, has a
polarity which is reversed for each frame in the another sec-
ond driving period in which the image “B” is displayed.
Specifically, in the twenty-fourth frame, the image signal,
having the negative (-) polarity, is supplied to the display
panel 2. In the twenty-fifth frame, the image signal, having the
positive (+) polarity, is supplied to the display panel 2. In the
twenty-sixth frame, the image signal, having the negative (-)
polarity, is supplied to the display panel 2.

[0144] Note, however, that, in the second driving period,
although the image signal supplied to the display panel 2
varies in polarity, the image signal does not vary in the image
signal being an image signal indicative of the image “B”.
Therefore, the image “B,” displayed on the display panel 2,
remains unchanged in each of the twenty-fourth frame
through the sixteenth frame.

[0145] Meanwhile, the pixel applied voltages have a polar-
ity which is reversed for each of the twenty-fourth frame
through the twenty-sixth frame. Therefore, the polarity bal-
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ance value increases or decreases by one for each frame. In
Variation 2, the polarity balance value changes from *“7” to
“7,” through “8,” as the frame is changed from the twenty-
fourth frame to twenty-sixth frame, through the twenty-fifth
frame.

[0146] (Operation and Effects)

[0147] In Variation 2, similar to Variation 1, it is thus pos-
sible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
a displayed image will never be deteriorated. Furthermore, in
a first driving period, it is possible to prevent occurrence of an
afterimage of the displayed image. In addition, in the Varia-
tion 2, a second driving period is made up of a plurality of
successive frames. That is, in the second driving period, one
and the same image is continuously displayed over the plu-
rality of successive frames. This makes it possible to prevent
occurrence of an afterimage of an image displayed in the
second driving period. Moreover, in Variation 2, pixel applied
voltages have a polarity which is reversed for each frame in
the first and second driving periods. This makes it possible to
further prevent a deterioration in the display panel.

[0148] [Variation 3]

[0149] Thefollowing description will discuss Variation 3 of
Embodiment 1. Configurations in Variation 3 which are iden-
tical to those in Variation 2 will not be described in detail.
[0150] FIG.5isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device 1 in
accordance with Variation 3 of Embodiment 1 of the present
invention is in operation. Variation 3 is different from Varia-
tion 2 in that an image signal, having an identical polarity, is
supplied to a display panel 2 in each frame which makes up a
second driving period. In regard to the other points, Variation
3 is basically identical to Variation 2.

[0151] According to an example illustrated in FIG. 5, a
second driving period, in which an image “B” is displayed, is
made up of the fourteenth frame through the sixteenth frame.
Another second driving period, in which the image “B” is
displayed, is made up of the twenty-second frame through the
twenty-fourth frame.

[0152] In Variation 3, the source driver 6 supplies an image
signal, having an identical polarity, to the display panel 2 in
each of the fourteenth frame through the sixteenth frame
which make up the second driving period. Specifically, since
pixel applied voltages have a negative (-) polarity in the
thirteenth frame, the image signal, having a positive (+) polar-
ity and indicating the image “B”, is supplied to the display
panel 2 in each of the fourteenth frame through the sixteenth
frame.

[0153] The source driver 6 supplies the image signal, hav-
ing an identical polarity, to the display panel 2 in each of the
twenty-second frame and the twenty-third frame, which make
up the another second driving period. Specifically, the pixel
applied voltages have a positive (+) polarity in the twenty-first
frame. Therefore, in each of the twenty-second frame through
the twenty-fourth frame, the source driver 6 supplies the
image signal, having a negative () polarity and indicating the
image “B”, to the display panel 2.

[0154] (Operation and Effects)

[0155] In Variation 3, similar to Variation 2, it is possible to
prevent a deterioration in the display panel 2 while reducing
electric power consumption. Therefore, a quality of a dis-
played image will never be deteriorated. Furthermore, in first
and second driving periods, it is possible to prevent occur-
rence of an afterimage of the displayed image.
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Embodiment 2

[0156] The following description will discuss Embodiment
2 of the present invention with reference to FIGS. 6 through
10. Note that identical reference numerals will be given to
respective members common to Embodiments 1 and 2, and
the members will not be described in detail. Embodiment 2 is
different from Embodiment 1 in that an image signal, having
an identical polarity, is supplied to a display panel 2 in each
frame which makes up a first driving period. In regard to the
other points, Embodiment 2 is similar to Embodiment 1.
[0157] (Details of Driving Control)

[0158] FIG. 6isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Embodiment 2 of the present invention is in
operation.

[0159] According to an example illustrated in FIG. 6, a first
driving period, in which an image “A” is displayed, is made
up of the third frame. That is, in the third frame, a displayed
image “A” is changed to an image “Z.” In the third frame, a
source diver 6 supplies, to the display panel 2, an image
signal, having a polarity identical to that of pixel applied
voltages in the second frame. This causes the pixel applied
voltages in the third frame to be identical to those in the
second frame. That is, merely the displayed image is changed,
and there is no change in pixel applied voltages.

[0160] In the sixth frame, an image signal supplied to a
timing controller 8 via an interface 12 matches the image
signal stored in a frame memory 10, and a polarity balance
value is “0 (zero)”, which is a reference value. Therefore, the
seventh frame is set so as to make up a second driving period
in which the image “A” is displayed. As aresult, in the seventh
frame, the source driver 6 supplies, to the display panel 2, the
image signal which has the polarity opposite to that of the
pixel applied voltages in the sixth frame and which indicates
the image “A”. This causes the pixel applied voltages to have
a positive (+) polarity in the seventh frame.

[0161] In the ninth frame, an image signal supplied to the
timing controller 8 via the interface 12 does not match the
image signal stored in the frame memory 10. Therefore, the
tenth frame is set so as to make up a second driving period in
which an image “B” is displayed. As a result, in the tenth
frame, the source driver 6 supplies, to the display panel 2, the
image signal which has a polarity identical to that of the pixel
applied voltages in the ninth frame and which indicates the
image “B”. This causes the pixel applied voltages to have the
positive (+) polarity in the tenth frame.

[0162] Inthe fourteenth frame, an image signal supplied to
the timing controller 8 via the interface 12 matches the image
signal stored in the frame memory 10, and the polarity bal-
ance value is “8”, which is the reference value. Therefore, the
fifteenth frame is set so as to make up a second driving period
in which the image “B” is displayed. As a result, in the
fifteenth frame, the source driver 6 supplies, to the display
panel 2, the image signal which has the polarity opposite to
that of the pixel applied voltages in the fourteenth frame and
which indicates the image “B”. This causes (i) display refresh
to be carried out and (ii) the pixel applied voltages to have the
negative (-) polarity in the seventh frame.

[0163] In the twenty-third frame, an image signal supplied
to the timing controller 8 via the interface 12 matches the
image signal stored in the frame memory 10, and the polarity
balance value is “0 (zero)”, which is the reference value.
Therefore, the twenty-third frame is set so as to make up a
second driving period in which the image “B” is displayed. As
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aresult, in the fifteenth frame, the source driver 6 supplies, to
the display panel 2, the image signal which has the polarity
opposite to that of the pixel applied voltages in the fourteenth
frame and which indicates the image “B”. This causes (i) the
display refresh to be carried out and (ii) the pixel applied
voltages to have the positive (+) polarity in the seventh frame.
[0164] As is clear from FIG. 6, in Embodiment 2, the pixel
applied voltages continue to havea positive (+) or negative ()
polarity, unless the polarity balance value is equal to the
reference value.

[0165] (Operation and Effects)

[0166] In Embodiment 2, similar to Embodiment 1, it is
possible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
a displayed image will never be deteriorated.

[0167] (Storage of Image Signal)

[0168] The display device 1 in accordance with Embodi-
ment 2 can be alternatively arranged such that, in a current
frame, an image signal supplied to the timing controller 8 is
absolutely stored in the frame memory 10. In this case,
regardless of whether the image signal supplied to the timing
controller 8§ matches or does not match that stored in the frame
memory 10 in the current frame, the image signal supplied to
the timing controller 8 is absolutely stored in the frame
memory 10.

[0169] [Variation 1]

[0170] The following description will discuss Variation 1 of
Embodiment 2. Configurations in Variation 1 which are iden-
tical to those in Embodiment 2 will not be described in detail.
[0171] FIG.7isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device 1 in
accordance with Variation 1 of Embodiment 2 of the present
invention is in operation. According to an example illustrated
in FI1G. 7, a first driving period is made up of a plurality of
frames. Specifically, a first driving period, in which an image
“A” is displayed, is made up of the third frame through the
fifth frame. A first driving period, in which an image “B” is
displayed, is made up of the tenth frame through the twelfth
frame.

[0172] In the second frame, a timing controller 8 sets the
first driving period made up of three successive scanning
frames, i.e., the third frame (which follows the second frame)
and succeeding frames. This causes a display panel 2 to be
driven not only in the third frame but also in the fourth and
fifth frames.

[0173] A source driver 6 supplies an image signal, having
an identical polarity, to the display panel 2 in each frame in the
first driving period in which the image “A” is displayed.
Specifically, the source driver 6 supplies an image signal,
having a polarity identical to that of pixel applied voltages in
the second frame, to the display panel 2 in each of the third
frame through the fifth frame. This causes the pixel applied
voltages to have a negative (=) polarity without change in
each of the third frame through the fifth frame, as well as that
of the pixel applied voltages in the second frame. That is, in
each of the third frame through the fifth frame, display refresh
is carried out, but there is no change in displayed image and
pixel applied voltages.

[0174] The sourcedriver 6 supplies an image signal, having
anidentical polarity, to the display panel 2 in each frame in the
first driving period in which the image “B” is displayed.
Specifically, the source driver 6 supplies an image signal,
having a polarity identical to that of the pixel applied voltages
in the ninth frame, to the display panel 2 in each of the tenth
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frame through the twelfth frame. This causes the pixel applied
voltages tohave a positive (+) polarity without change in each
of the tenth frame through the twelfth frame, as well as that of
the pixel applied voltages in the ninth frame. That is, in each
of the third frame through the fifth frame, the display refresh
is carried out, but there is no change in displayed image and
pixel applied voltages.

[0175] (Operation and Effects)

[0176] In Variation 1, similar to Embodiment 1, it is thus
possible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
a displayed image will never be deteriorated. In addition, in
Variation 1, a first driving period is made up of a plurality of
successive frames. That is, in the first driving period, one and
the same image is continuously displayed over the plurality of
successive frames. This makes it possible to prevent occur-
rence of an afterimage of the displayed image in the first
driving period.

[0177] [Variation 2]

[0178] The following description will discuss Variation 2 of
Embodiment 2. Configurations in Variation 2 which are iden-
tical to those in Variation 1 will not be described in detail.
[0179] FIG. 8isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device 1 in
accordance with Variation 2 of Embodiment 2 of the present
invention is in operation. According to an example illustrated
in FIG. 8, a first driving period is made up of a plurality of
frames. Specifically, a first driving period, in which an image
“A” is displayed, is made up of the third frame through the
fifth frame. A first driving period, in which an image “B” is
displayed, is made up of the tenth frame through the twelfth
frame.

[0180] A second driving period is made up of a plurality of
frames. Specifically, a second driving period, in which the
image “A” is displayed, is made up of the seventh frame
through the ninth frame. A second driving period, in which
the image “B” is displayed, is made up of the fifteenth frame
through the seventeenth frame. Another second driving
period, in which the image “B” is displayed, is made up of the
twenty-third frame through the twenty-fifth frame.

[0181] Processes carried out in the first frame through the
seventh frame in Variation 2 are basically identical to those
carried out in the first frame through the seventh frame in
Variation 1. Note, however, that, in the sixth frame, a timing
controller 8 sets the second driving period made up of three
successive scanning frames, i.e., the seventh frame (which
follows the sixth frame) and succeeding frames. This causes
adisplay panel 2 to be driven not only in the seventh frame but
also in the eighth frame through the ninth frame.

[0182] A source driver 6 supplies an image signal, having
an identical polarity, to the display panel 2 in each frame in the
second driving period in which the image “A” is displayed.
Specifically, the source driver 6 supplies an image signal,
having a polarity opposite to that of pixel applied voltages in
the sixth frame, to the display panel 2 in each of the seventh
frame through the ninth frame. This causes the pixel applied
voltages to have a positive (+) polarity without change in each
of the seventh frame through the ninth frame, unlike that of
the pixel applied voltages in the second frame. That s, in each
of the seventh frame through the ninth frame, display refresh
is carried out, but there is no change in displayed image and
pixel applied voltages.

[0183] Thesourcedriver 6 supplies an image signal, having
anidentical polarity, to the display panel 2 in each frame in the
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first driving period in which the image “B” is displayed.
Specifically, the source driver 6 supplies an image signal,
having a polarity opposite to that of the pixel applied voltages
in the fourteenth frame, to the display panel 2 in each of the
fifteenth frame through the seventeenth frame. This causes
the pixel applied voltages to have a negative (-) polarity
without change in each of the fifteenth frame through the
seventeenth frame, unlike that of the pixel applied voltages in
the fourteenth frame. That is, in each of the fifteenth frame
through the seventeenth frame, the display refresh is carried
out, but there is no change in displayed image and pixel
applied voltages.

[0184] Meanwhile, the source driver 6 supplies the image
signal, having an identical polarity, to the display panel 2 in
each frame in the another first driving period in which the
image “B” is displayed. Specifically, the source driver 6 sup-
plies the image signal, having a polarity opposite to that of the
pixel applied voltages in the twenty-second frame, to the
display panel 2 in each of the twenty-third frame through the
twenty-fifth frame. This causes the pixel applied voltages to
have the positive (+) polarity without change in each of the
twenty-third frame through the twenty-fifth frame, unlike that
ofthe pixel applied voltages in the twenty-second frame. That
is, in each of the twenty-third frame through the twenty-fifth
frame, the display refresh is carried out, but there is no change
in displayed image and pixel applied voltages.

[0185] (Operation and Effects)

[0186] In Variation 2, similar to Variation 1, it is thus pos-
sible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
a displayed image will never be deteriorated. Furthermore, in
a first driving period, it is possible to prevent occurrence of an
afterimage of the displayed image. In addition, in Variation 2,
asecond driving period is made up of'a plurality of successive
frames. That s, in the second driving period, one and the same
image is continuously displayed over the plurality of succes-
sive frames. This makes it possible to prevent occurrence of
an afterimage of the displayed image in the second driving
period.

Embodiment 3

[0187] The following description will discuss Embodiment
3 of the present invention with reference to FIG. 9. Note that
identical reference numerals will be given to respective mem-
bers common to Embodiment 3 and Embodiment 1 or 2, and
the members will not be described in detail.

[0188] Embodiment 3 is different from Embodiment 1 in
that, merely in a case where an image signal corresponding to
each frame is different from that corresponding to a frame
which comes one (1) frame before the each frame, a host 14
supplies the image signal corresponding to the each frame to
a timing controller 8 via an interface 12. In regard to the other
points, Embodiment 3 is basically identical to Embodiment 1.
[0189] (Details of Driving Control)

[0190] FIG.9isatiming diagram illustrating, in detail, how
control is carried out in each frame while a display device in
accordance with Embodiment 3 of the present invention is in
operation.

[0191] In Embodiment 3, the host 14 determines, in each
frame, whether or not an image signal corresponding to a
current frame matches that corresponding to a frame which
comes one (1) frame before the current frame, before supply-
ing the image signal corresponding to the current frame to the
timing controller 8. In a case where the host 14 determines
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that the image signal corresponding to the current frame
matches that corresponding to the frame which comes one (1)
frame before the current frame, the host 14 does not supply, in
the current frame, the image signal corresponding to the
current frame to the timing controller 8. On the other hand, in
a case where the host 14 determines that the image signal
corresponding to the current frame does not match that cor-
responding to the frame which comes one (1) frame before the
current frame, the host 14 supplies, in the current frame, the
image signal corresponding to the current frame to the timing
controller 8. That is, an image signal is supplied to the timing
controller 8 merely in a frame in which the image signal is
changed from that corresponding to a frame which comes one
(1) frame before the frame. In the other frames, the interface
12 is not operated, and no image signal is supplied to the
timing controller §.

[0192] According anexample illustrated in FIG. 9, the hose
14 supplies an image signal to the timing controller 8 in each
of the second frame and the seventh frame. In the other
frames, the host 14 does not supply an image signal to the
timing controller §.

[0193] In a frame in which display refresh is necessitated,
the display device 1 drives the display panel 2 with the abso-
lute use of an image signal stored in a frame memory 10. This
is because, in the frame in which the display refresh is neces-
sitated, no image signal is supplied to the timing controller 8
via the interface 12. An image signal, that can be thus used to
drive the display panel 2, is limited to that stored in the frame
memory 10.

[0194] In Embodiment 3, similar to Embodiment 1, it is
possible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
a displayed image will never be deteriorated. In addition, it is
possible to reduce electric power consumed by the interface
12. This allows a further reduction in electric power con-
sumed by the display panel 1, as compared with that of
Embodiment 1.

[0195] Note that configurations described in Embodiment
3 are applicable to Embodiments 1 and 2. Furthermore, the
configurations described in Embodiment 3 are applicable to
Variations 1 through 3 of Embodiment 1 as well as Variations
1 and 2 of Embodiment 2.

[0196] (Storage of Image Signal)

[0197] Thedisplay device 1 of Embodiment 3 can be alter-
natively arranged such that, in a current frame, an image
signal supplied to the timing controller 8 is absolutely stored
in the frame memory 10. In this case, regardless of whether
the image signal supplied to the timing controller 8 matches
or does not match that stored in the frame memory 10 in the
current frame, the image signal supplied to the timing con-
troller 8 is absolutely stored in the frame memory 10.

Embodiment 4

[0198] The following description will discuss Embodiment
4 of the present invention with reference to FIG. 10. Note that
identical reference numerals will be given to respective mem-
bers common to Embodiment 4 and Embodiments 1 through
3, and the members will not be described in detail.

[0199] Embodiment 4 is different from Embodiment 1 in
that display refresh is immediately carried out in a frame in
whichahost 14 supplies an image signal to a timing controller
8. In regard to the other points, Embodiment 4 is basically
identical to Embodiment 3.
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[0200] (Details of Driving Control)

[0201] FIG. 10 is a timing diagram illustrating, in detail,
how control is carried out in each frame while a display device
1 in accordance with Embodiment 4 of the present invention
is in operation. According to an example illustrated in FIG.
10, a host 14 supplies an image signal to a timing controller 8
in each of the second frame and seventh frame. In each frame
other than the second and seventh frames, the host 14 doesnot
supply an image signal to the timing controller 8. That is, an
interface 12 is stopped.

[0202] The display panel 1 is arranged such that display
refresh is immediately carried out in a frame in which the host
14 supplies an image signal to the timing controller 8. In
doing so, a display panel 2 is driven with the use of the image
signal received by the timing controller 8 from the host 14,
instead of an image signal stored in a frame memory 10. Note
that, in the frame, the timing controller 8 writes, in the frame
memory 10, the image signal supplied from the host 14.
[0203] Inthesecond frame, animage signalindicative of an
image “A” is supplied to the timing controller 8. In the second
frame, a source driver 6 supplies the image signal to the
display panel 2. As a result, in the second frame, a displayed
image is changed to the image “A.” Meanwhile, in the seventh
frame, an image signal indicative of an image “B” is supplied
to the timing controller 8. In the seventh frame, the source
driver 6 supplies the image signal to the display panel 2. As a
result, in the seventh frame, the displayed image is changed to
the image “B.”’

[0204] The display device 1 drives the display panel 2 with
the use of an image signal stored in the frame memory 10, in
a frame (thirteenth frame and the twenty-first frame) which
follows a frame in which a polarity balance value is equal to
a reference value. This is because, in each of the thirteenth
frame and the twenty-first frame, no image signal is supplied
to the timing controller 8 via the interface 12. That is, an
image signal, that can be used to drive the display panel 2, is
limited to that stored in the frame memory 10.

[0205] (Operation and Effects)

[0206] In Embodiment 4, similar to Embodiment 1, it is
possible to prevent a deterioration in the display panel 2 while
reducing electric power consumption. Therefore, a quality of
adisplayed image will never be deteriorated. In addition, it is
possible to reduce electric power consumed by the interface
12. This allows a further reduction in electric power con-
sumed by the display device 1, as compared with that of
Embodiment 1. Furthermore, in a case where display refresh
is necessitated in a first driving period, it is not necessary to
access the frame memory 10. Ttis therefore possible to reduce
more electric power consumption, as compared with a case
where the frame memory 10 is accessed.

[0207] Note that configurations described in Embodiment
4 are applicable to Embodiments 1 and 2. Furthermore, the
configurations described in Embodiment 4 are applicable to
those of Variations 1 through 3 of Embodiment 1 as well as
those of Variations 1 and 2 of Embodiment 2.

[0208] (Storage of Image Signal)

[0209] Thedisplay device 1 of Embodiment 4 can be alter-
natively arranged such that, in a current frame, an image
signal supplied to the timing controller 8 is absolutely stored
in the frame memory 10. In this case, regardless of whether
the image signal supplied to the timing controller 8 matches
or does not match that stored in the frame memory 10 in the
current frame, the image signal supplied to the timing con-
troller 8 is absolutely stored in the frame memory 10.
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[0210] [Details of TFT 30]

[0211] According to the display device 1 of each of the
foregoing Embodiments and Variations, a TFT, in which a
so-called oxide semiconductor is employed as a semiconduc-
tor layer, is employed as the TFT 30 in each of the plurality of
pixels included in the display panel 2. In particular, a TFT 30
is employed in which so-called “InGaZnOx” is employed as
a semiconductor layer. The “InGaZnOx” is an oxide made up
of indium (In), gallium (Ga), and zinc (Zn). The TFT 30, in
which the oxide semiconductor is employed, will be
described below in terms of its advantages.

[0212] FIG. 11 is a view illustrating characteristics of vari-
ous TFTs, such as the TFT 30 in which the oxide semicon-
ductor is employed. FIG. 11 shows characteristics of (i) the
TFT 30 in which the oxide semiconductor is employed, (ii) a
general TFT in which a-Si (amorphous silicon) is employed,
and (iii) a general TFT in which LCTPS (Low Temperature
Poly Silicon) is employed.

[0213] In FIG. 11, a horizontal axis (Vgh) indicates each
on-voltage applied to a gate of a corresponding one of the
TFTs. A vertical axis (Id) indicates each electric current flow-
ing between a source and a drain of a corresponding one of the
TFTs. A period “TFT-on” indicates a time petiod in which
each of the TFTs is tuned on in response to a corresponding
on-voltage. A period “TFT-off” indicates a time period in
which each of the TFTs is tuned off in response to a corre-
sponding on-voltage.

[0214] (On-Characteristic)

[0215] The TFT in which the oxide semiconductor is
employed is higher in electron mobility while being turned
on, as compared with the TFT in which a-Si is employed (see
FIG. 11). Specifically, in a case of the TFT in which a-Si is
employed, an Id electric current is 1 (one) uA (not illustrated)
while the TFT is being turned on. In contrast, in a case of the
TFT in which the oxide semiconductor is employed, an Id
electric current is approximately 20 uA to 50 uA (not illus-
trated) while the TFT is being turned on. It is therefore under-
stood that the TFT, in which the oxide semiconductor is
employed, is (i) approximately 20 times to 50 times as high as
the TFT in which a-Si is employed, in terms of electron
mobility in an on-state and (ii) accordingly extremely excel-
lent in on-characteristic.

[0216] According to the display device 1 of the foregoing
embodiments, each of the plurality of pixels employs a TFT
30 in which the oxide semiconductor is employed. According
to the display device 1 of the foregoing embodiments, since
the TFT 30 is excellent in on-characteristic, it is possible to
drive each of the plurality of pixels with the use of the TFT 30
which is smaller in size than the others. This allows a reduc-
tion in proportion of an area which is occupied by the TFT 30
in each of the plurality of pixels. That is, it is possible to
increase an aperture ratio of each of the plurality of pixels, and
is accordingly possible to increase transmittance of the each
of the plurality of pixels with respect to backlight. As a result,
it is possible to (i) employ a backlight which consumes less
electric power and/or (ii) suppress luminance of backlight.
This allows a reduction in electric power consumption.

[0217] Furthermore, since the TFT 30 is excellent in on-
characteristic, it is possible to shorten time required for an
image signal to be written in the plurality of pixels. This
makes it possible to easily increase a refresh rate of the
display panel 2.
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[0218] (Off-Characteristic)

[0219] The TFT 30, in which the oxide semiconductor is
employed, is lower in leak current while being turned off, as
compared with the TFT in which a-Si is employed (see FIG.
11). Specifically, in a case of the TFT in which a-Si is
employed, an Id electric current is 10 pA (not illustrated)
while the TFT is being turned off. In contrast in a case of the
TFT 30, in which the oxide semiconductor is employed, an Id
electric current is approximately 0.1 pA (not illustrated)
while the TFT is being turned off.

[0220] It is therefore understood that the TFT 30, in which
the oxide semiconductor is employed, (i) is approximately a
hundredth (Vico) as low as the TFT in which a-Siis employed,
in terms of a leak current in an off-state and (i1) is accordingly
extremely excellent in off-characteristic because the leak cur-
rent hardly occurs. According to the display device 1 of the
foregoing embodiments, since the TFT 30 is thus excellent in
off-characteristic, it is possible to maintain, for a long time
period, a state where an image signal is being written in the
plurality of pixels of the display panel 2. It is therefore pos-
sible to maintain, for a long time period, a frame in which no
image signal is written in the display panel 2, while maintain-
ing a high display quality.

[0221] The present invention is not limited to the descrip-
tion of the embodiments, but may be altered by a skilled
person in the art within the scope ofthe claims. That is, within
the scope of the claims, a new embodiment will be derived
from a combination of technical means altered as appropriate.
[0222] (Reference Value of Polarity Balance Value)
[0223] The reference value of the polarity balance value is
not limited to “0 (zero)” or “8”, and can be alternatively set to
any value. The reference value can be, for example, a negative
value such as “-5”.

[0224] (Number of Frames Making Up Driving Period)
[0225] The number of scanning frames, which make up a
first driving period, is not limited to one or three, and can be
alternatively set to any number. The number of the scanning
frames is preferably not less than one and not more than six.
The number of scanning frames, which make up a second
driving period, is not limited to one or three, and can be
alternatively set to any number. The number of the scanning
frames is preferably not less than one and not more than six.
[0226] [Summary]

[0227] In order to attain the above object, a method of
driving a display device in accordance with an aspect of the
present invention is a method of driving a display device
which includes a display panel having pixels and which is
configured such that (i) a scanning signal and an image signal
are supplied to the display panel in a scanning frame and (ii)
no scanning signal and no image signal are supplied to the
display panel in a pause frame, the method including:
[0228] supplying an image signal, having a polarity oppo-
site to that of voltages applied to the respective pixels in a
current frame, to the display panel in a next frame, in a case
where a polarity balance value, indicative of a polarity bal-
ance of the pixels in the current frame, is equal to a predetet-
mined reference value.

[0229] According to the above configuration, by not driv-
ing the display panel in the pause frame, it is possible to
reduce electric power consumed by the display device. In a
case where the polarity balance value in the current frame is
equal to the reference value, the voltages applied to the
respective pixels have a reversed polarity in the next frame.
Therefore, even in a case where pause frames continue for a
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long time period, the polarity of such pixel applied voltages
does not continue to be biased to positive or negative. In other
words, it is possible to maintain, within a given range, a
polarity balance of the pixel applied voltages.

[0230] Thus, according to the method of driving a display
device in accordance with an aspect of the present invention,
it is possible to prevent a deterioration in the display panel
while reducing electric power consumption.

[0231] In order to attain the above object, a display device
in accordance with an aspect of the present invention is a
display device which includes a display panel having pixels
and which is configured such that (i) a scanning signal and an
image signal are supplied to the display panel in a scanning
frame and (ii) no scanning signal and no image signal are
supplied to the display panel in a pause frame, the display
device further including:

[0232] a supplying section for supplying an image signal,
having a polarity opposite to that of voltages applied to the
respective pixels in a current frame, to the display panel in a
next frame, in a case where a polarity balance value, indica-
tive of a polarity balance of the pixels in the current frame, is
equal to a predetermined reference value.

[0233] According to the above configuration, it is possible
to bring about effects similar to those brought about by the
method of driving a display device in accordance with the
present invention.

[0234] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that:

[0235] inacase where a firstimage signal corresponding to
the current frame does not match a second image signal
corresponding to a previous frame, the first image signal is
supplied to the display panel in a first driving period made up
of at least one successive frame, i.e., the next frame only or the
next frame and succeeding frame(s);

[0236] inacase where (i) the first image signal matches the
second image signal and (i1) the polarity balance value is
equal to the predetermined reference value, the second image
signal is supplied to the display panel in a second driving
period made up of the at least one successive frame, i.e., the
next frame only or the next frame and the succeeding frame
(s), the second image signal being supplied to the display
panel in the next frame in the second driving period, which
second image signal has a polarity opposite to that of the
voltages applied to the respective pixels in the current frame;
and

[0237] in a frame which is not included in any of the first
driving period and the second driving period, no image signal
is supplied to the display panel.

[0238] According to the above configuration, in a case
where a given condition is satisfied, the first driving period
and the second driving period are set. A frame, which makes
up the first or second driving period, is a scanning frame. On
the other hand, a frame, other than the frame which makes up
the first or second driving period, is a pause frame. That is,
even in a case where the scanning frame and the pause frame
are not individually specified in advance, they are automati-
cally set.

[0239] Here, in a case where the polarity balance value is
equal to the reference value in the first frame of the second
driving period, the voltages applied to the respective pixels
have a reversed polarity in the next frame in the second
driving period. It is therefore possible to maintain, within the
given range, the polarity balance of the pixel applied voltages.
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[0240] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that:

[0241] the display device further includes a timing control-
ler and a frame memory having a region in which an image
signal, corresponding to at least one frame, s stored,;

[0242] inthecurrent frame, in a case where an image signal,
newly supplied to the timing controller, matches that stored in
the frame memory, the image signal thus newly supplied is
not written in the frame memory;

[0243] in the current frame, in a case where the image
signal, newly supplied to the timing controller, does not
match that stored in the frame memory, the image signal thus
newly supplied is written in the frame memory; and

[0244] in the scanning frame, in a case where the image
signal, newly supplied to the timing controller, matches that
stored in the frame memory, the image signal stored in the
frame memory is supplied to the display panel.

[0245]  According to the above configuration, evenina case
where a supply frequency at which an image signal is sup-
plied to the timing controller is not identical to a supply
frequency at which the image signal is supplied to the display
panel, the display panel is capable of normally displaying an
image.

[0246] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that:

[0247] inacase where the voltages applied to the respective
pixels have a positive polarity in the current frame, a certain
value is added to the polarity balance value;

[0248] whereas, in a case where the voltages applied to the
respective pixels have a negative polarity in the current frame,
the certain value is subtracted from the polarity balance value.
[0249] According to the above configuration, it is possible
to promptly calculate the polarity balance value in each
frame.

[0250] The display device in accordance with an aspect of
the present invention is preferably arranged such that

[0251] the second driving period is made up of a plurality of
frames.
[0252] According to the above configuration, it is possible

to prevent occurrence of an afterimage of a displayed image.
[0253] The display device in accordance with an aspect of
the present invention is preferably arranged such that the
second image signal is supplied, in the second driving period,
to the display panel while the second image signal has the
polarity which is reversed for each frame.

[0254] According to the above configuration, it is possible
to further prevent a deterioration in the display panel.

[0255] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that

[0256] the second image signal, having an identical polar-
ity, is supplied to the display panel in each of the plurality of
frames in the second driving period.

[0257] According to the above configuration, it is possible
to further prevent occurrence of an afterimage of a displayed
image.

[0258] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that

[0259] the first driving period is made up of a plurality of
frames.
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[0260] According to the above configuration, it is possible
to prevent occurrence of an afterimage of a displayed image.
[0261] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that

[0262] the first image signal is supplied, in the first driving
period, to the display panel while the first image signal has a
polarity which is reversed for each frame.

[0263] According to the above configuration, it is possible
to further prevent a deterioration in the display panel.

[0264] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that

[0265] the first image signal, having an identical polarity, is
supplied to the display panel in each of the plurality of frames
in the first driving period.

[0266] According to the above configuration, it is possible
to further prevent occurrence of an afterimage of a displayed
image.

[0267] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that:

[0268] the display device further includes (i) an interface
via which an image signal is supplied to the timing controller
and (ii) a host which supplies the image signal to the timing
controller via the interface;

[0269] inacase where the first image signal does not match
the second image signal, the first image signal is supplied to
the timing controller;

[0270] in a case where the first image signal matches the
second image signal, the first image signal is not supplied to
the timing controller; and

[0271] ina case where a given frame in which the host does
not supply any image signal to the timing controller is
included in the second driving period, the image signal stored
in the frame memory is supplied to the display panel in the
given frame.

[0272] According to the above configuration, merely in a
case where an image signal corresponding to the current
frame is different from that corresponding to the previous
frame, the image signal corresponding to the current frame is
supplied to the timing controller from the host. It is therefore
possible to reduce electric power consumed by the interface,
as compared with a case where an image signal is absolutely
supplied to the timing controller in each frame.

[0273] Furthermore, in a frame in which (i) an image signal
corresponding to the frame matches that corresponding to the
previous frame but (ii) display refresh on the display panel is
necessitated, an image signal stored in the frame memory is
supplied to the display panel. Therefore, even in a case where
no image signal is supplied to the timing controller via the
interface, it is possible to normally carry out the display
refresh.

[0274] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that, in a case where another given frame in
which the host supplies the image signal to the timing con-
troller is included in the first driving period, the image signal
supplied from the host is supplied to the display panel in the
another given frame.

[0275] According to the above configuration, in a case
where the display refresh is necessitated in the first driving
period, it is not necessary to access the frame memory. It is
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therefore possible to reduce electric power consumption, as
compared with a case where the frame memory is accessed.
[0276] The method of driving a display device in accor-
dance with an aspect of the present invention is preferably
arranged such that an oxide semiconductor is employed as a
semiconductor layer of a TFT in each of the pixels. Espe-
cially, the oxide semiconductor is preferably an oxide made
up of indium, gallium, and zinc.

[0277] According to the above configuration, since the TFT
in each of the pixels is excellent in off-characteristic, it is
possible to maintain, for a long time, a state where an image
signal is being written in the pixels of the display panel. It is
therefore possible to maintain pause frames for a long time
period while maintaining a high display quality.

[0278] The display device in accordance with an aspect of
the present invention is preferably arranged such that the
display device is a liquid crystal display device.

[0279] According to the above configuration, it is possible
to realize aliquid crystal display device capable of preventing
a deterioration in a display panel while reducing electric
power consumption.

[0280] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not exceed
the scope of the patent claims set forth below.

INDUSTRIAL APPLICABILITY

[0281] The display device in accordance with the present
invention can be widely employed as various display devices
such as a liquid crystal display device.

REFERENCE SIGNS LIST
[0282] 1 Display device
[0283] 2 Display panel
[0284] 4 Gate driver (driving section, output section)
[0285] 6 Source Driver (driving section)
[0286] 8 Timing controller (writing section)
[0287] 10 Frame memory
[0288] 12 Interface
[0289] 14 Host
[0290] 20 Image signal determining part (image signal

determining section)

[0291] 22 Polarity balance determining part (calculating
section, polarity balance determining section)

[0292] 24 Polarity designating part

[0293] 30 TFT (switching element)

1: A method of driving a display device which includes a
display panel having pixels and which is configured such that
(1) a scanning signal and an image signal are supplied to the
display panel in a scanning frame and (ii) no scanning signal
and no image signal are supplied to the display panel in a
pause frame, the method comprising:

supplying an image signal, having a polarity opposite to

that of voltages applied to the respective pixels in a
current frame, to the display panel in a next frame, in a
case where a polarity balance value, indicative of a
polarity balance of the pixels in the current frame, is
equal to a predetermined reference value.
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2: The method as set forth in claim 1 wherein:

in a case where a first image signal corresponding to the
current frame does not match a second image signal
corresponding to a previous frame, the first image signal
is supplied to the display panel in a first driving period
made up of at least one successive frame, i.e., the next
frame only or the next frame and succeeding frame(s);

in acase where (1) the first image signal matches the second
image signal and (ii) the polarity balance value is equal
to the predetermined reference value, the second image
signalis supplied to the display panel in a second driving
period made up of the at least one successive frame, i.e.,
the next frame only or the next frame and the succeeding
frame(s), the second image signal being supplied to the
display panel in the next frame in the second driving
period, which second image signal has a polarity oppo-
site to that of the voltages applied to the respective pixels
in the current frame; and

in a frame which is not included in any of the first driving

period and the second driving period, no image signal is
supplied to the display panel.

3: The method as set forth in claim 2, wherein:

the display device further includes a timing controller and

a frame memory having a region in which an image
signal, corresponding to at least one frame, is stored,
inthe current frame, in a case where an image signal, newly

supplied to the timing controller, matches that stored in
the frame memory, the image signal thus newly supplied
is not written in the frame memory;

in the current frame, in a case where the image signal,

newly supplied to the timing controller, does not match
that stored in the frame memory, the image signal thus
newly supplied is written in the frame memory; and

in the scarning frame, in a case where the image signal,

newly supplied to the timing controller, matches that
stored in the frame memory, the image signal stored in
the frame memory is supplied to the display panel.

4: The method as set forth in claim 1, wherein:

in a case where the voltages applied to the respective pixels

have a positive polarity in the current frame, a certain
value is added to the polarity balance value;

whereas, in a case where the voltages applied to the respec-

tive pixels have a negative polarity in the current frame,
the certain value is subtracted from the polarity balance
value.

5: The method as set forth in claim 2, wherein the second
driving period is made up of a plurality of frames.

6: The method as set forth in claim 5, wherein the second
image signal is supplied, in the second driving period, to the
display panel while the second image signal has the polarity
which is reversed for each frame.

7: The method as set forth in claim 5, wherein the second
image signal, having an identical polarity, is supplied to the
display panel in each of the plurality of frames in the second
driving period.

8: The method as set forth in claim 2, wherein the first
driving period is made up of a plurality of frames.

9: The method as set forth in claim 8, wherein the first
image signal is supplied, in the first driving period, to the
display panel while the first image signal has a polarity which
is reversed for each frame.

10: The method as set forth in claim 8, wherein the first
image signal, having an identical polarity, is supplied to the
display panel in each of the plurality of frames in the first
driving period.
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11: The method as set forth in claim 3, wherein:

the display device further includes (i) an interface via
which an image signal is supplied to the timing control-
ler and (i1) a host which supplies the image signal to the
timing controller via the interface;

in a case where the first image signal does not match the

second image signal, the first image signal is supplied to
the timing controller;

in a case where the first image signal matches the second

image signal, the first image signal is not supplied to the
timing controller; and

in a case where a given frame in which the host does not

supply any image signal to the timing controller is
included in the second driving period, the image signal
stored in the frame memory is supplied to the display
panel in the given frame.

12: The method as set forth in claim 11, wherein, in a case
where another given frame in which the host supplies the
image signal to the timing controller is included in the first
driving period, the image signal supplied from the host is
supplied to the display panel in the another given frame.
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13: The method as set forth in claim 1, wherein an oxide
semiconductor is employed as a semiconductor layer of a
TFT in each of the pixels.

14: The method as set forth in claim 13, wherein the oxide
semiconductor is an oxide made up of indium, gallium, and
zine.

15: A display device which includes a display panel having
pixels and which is configured such that (i) a scanning signal
and an image signal are supplied to the display panel in a
scanning frame and (ii) no scanning signal and no image
signal are supplied to the display panel in a pause frame, the
display device further comprising:

a supplying section for supplying an image signal, having

a polarity opposite to that of voltages applied to the
respective pixels in a current frame, to the display panel
in a next frame, in a case where a polarity balance value,
indicative of a polarity balance of the pixels in the cur-
rent frame, is equal to a predetermined reference value.

16: The display device as set forth in claim 15, wherein the

display device is a liquid crystal display device.
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