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In one embodiment of the present invention, when a still
image is displayed, applied voltages respectively correspond-
ing to a total of n (n being an integer of not less than 4) types
of'gradation 0to (n-1) are outputted to pixels. When amoving
image is displayed, an applied voltage corresponding to a
predetermined gradation m (1=m=(n-2)) is applied to the
pixels instead of applied voltages respectively corresponding
to gradations of less than the predetermined gradation m.
Overdrive driving is performed with respect to a total of n
types of gradation.
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FIG. 12 Conventional Art
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METHOD FOR DRIVING LIQUID CRYSTAL
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional of U.S. application
Ser. No. 11/887,220filed Sep. 27, 2007, which claims priority
under 35 U.S.C. §§120, 121 to PCT Application No. PCT/
JP2006/302076, filed Feb. 7, 2006, which claims priority to
Japanese Application No. 2005-104862, filed Mar. 31, 2005,
the entire contents of each of which are herein incorporated
by reference.

TECHNICAL FIELD

[0002] The present invention relates to methods for driving
liquid crystal display apparatuses. Particularly, the present
invention relates to a method for driving a liquid crystal
display apparatus, which method makes it possible to achieve
an improvement in response speed at which a moving image
is displayed.

BACKGROUND ART

[0003] Conventionally, a liquid crystal display apparatus
has had a problem of low response speed. That is, a change in
display gradation of the liquid crystal display apparatus is
such that: a change in orientation state of liquid crystal mol-
ecules is made by making a change in voltage applied to a
liquid crystal layer, so that the transmittance of a display pixel
is changed. Moreover, the low response speed of the liquid
crystal display apparatus is attributed to the fact that it takes a
long time to complete the change caused in orientation state
of the liquid crystal molecules in response to the change in
voltage applied to the liquid crystal layer.

[0004] In recent years, liquid crystal display apparatuses
such as liquid crystal televisions, portable televisions, and
portable game machines have had increased opportunities to
display high-definition moving images with liquid crystals,
and therefore have been increasingly required to respond at
high speeds. On the other hand, high-quality picture tech-
nologies often cause a decrease in response speed simulta-
neously (e.g., AVS and mobile AVS).

[0005] Asdisclosed in Japanese Unexamined Patent Appli-
cation Publication No. 78129/2004 (Tokukai 2004-78129;
published on Mar. 11, 2004), a known example of a method
for attempting to improve response speed is a method for
emphasizing a transitional gradation by performing overdrive
driving. That is, as shown in FIG. 12, the overdrive driving is
such that when the initial luminance A of the initial gradation
0 is changed to the target luminance C of the target gradation
64, a voltage corresponding to the excessive luminance B,
which is higher than the target luminance C, is initially
applied to the liquid crystals only for a short time. This causes
a high voltage to be applied to the liquid crystals, thereby
making it possible to reduce the response time it takes to
attain the target luminance C.

[0006] However, as shown in FIG. 9, such a method causes
deterioration in image quality. Examples of such deteriora-
tion in image quality include a so-called angular response
(two-step response) which, before the target luminance C is
attained, emerges as a sharp corner indicating the excessive
luminance B, which is higher than the target luminance C.
The presence of such a corner indicating a luminance higher
than the target luminance C causes an image to instanta-
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neously look whitish. Since this is very conspicuously iden-
tified, it is necessary that the driving be performed so that no
such corner emerges.

[0007] However, a change in overdrive amount only causes
achange in size of the left angular portion, and does not result
in an improvement in the right sloping portion. Therefore,
there is no improvement in display. Further, as described
above, an excessive overdrive amount causes a strikingly
white display to be produced at the angular portion, thereby
causing deterioration in display quality.

[0008] Furthermore, even when the overdrive driving is
performed, a sufficient speed may not be able to be obtained
in a low-gradation region due to the aforementioned low
response speed.

[0009] That is, the aforementioned low response speed of a
liquid crystal display apparatus is not seen uniformly all over
the gradation-level regions, but is such that the response
speed becomes extremely low in part of the gradation regions.
For example, the response speed of a vertically-aligned and
normally black liquid crystal display apparatus (mobile ASV)
is extremely low at a rising edge from a low gradation (black
display) to an intermediate gradation. Further, the response
speed of a normally white liquid crystal display apparatus
(mobile ASV) is extremely low in a transition from a high
gradation (white display) to an intermediate gradation. These
low response speeds cause display problems such as residual
images.

[0010] Inview of this, for example, Japanese Unexamined
Patent Application Publication No. 131721/2002 (Tokukai
2002-131721; published on May 9, 2002) discloses a method
for improving response speed by carrying out a display with-
out using a gradation level at which the response speed
becomes low. Specifically, the liquid crystal driving method
of Patent Document 2 tries not to use a gradation level, rang-
ing from a high gradation (white display) to an intermediate
gradation, at which the response speed of a normally white
system becomes low. Note that a voltage so applied to liquid
crystals to be used for driving a liquid crystal display appa-
ratus is usually represented by a gradation-luminance curve
shown in FIG. 13.

[0011] However, according to the conventional method of
Tokukai 2002-131721 for driving a liquid crystal display
apparatus, the initial voltage is increased by a predetermined
voltage when a gradation level at which the response speed
becomes low is not used. Therefore, when a still image is
displayed, it is impossible to use a normal luminance charac-
teristic represented by the gradation-luminance curve of FIG.
13.

[0012] The present invention has been made in view of the
foregoing problems, and it is an object of the present inven-
tion to provide a method for driving a liquid crystal display
apparatus, which method makes it possible to prevent dete-
rioration in display quality of both a still image and a moving
image and to achieve an improvement in response speed at
which a moving image is displayed.

DISCLOSURE OF INVENTION

[0013] In order to solve the foregoing problems, a method
of the present invention for driving a liquid crystal display
apparatus includes the steps of: when a still image is dis-
played, outputting applied voltages to pixels, the applied volt-
ages respectively corresponding to a total of n (n being an
integer of not less than 4) types of gradation O to (n-1); and
when a moving image is displayed, (i) outputting an applied
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voltage to the pixels instead of applied voltages respectively
corresponding to gradations of less than a predetermined
gradation m (1=m=(n-2)) and (ii) performing overdrive
driving with respect to the total of n types of gradations, the
applied voltage corresponding to the predetermined grada-
tion m.

[0014] According to the foregoing invention, normal gra-
dations can be displayed when a still image is displayed. On
the other hand, when a moving image is displayed, an applied
voltage corresponding to a predetermined gradation m
(1=m=(n-2))is applied to pixels instead of applied voltages
respectively corresponding to gradations of less than the pre-
determined gradation. Therefore, the applied voltages respec-
tively corresponding to the gradations of less than the prede-
termined gradation m are not used. This makes it possible to
achieve an improvement in response speed.

[0015] Furthermore, the present invention performs over-
drive driving with respect to the total of n (n being an integer
of not less than 4) types of gradation. Therefore, the applied
voltages respectively corresponding to the gradations of less
than the predetermined gradation m are not used when over-
drive driving is performed. This makes it possible to prevent
a so-called angular response.

[0016] This makes it possible to provide a method for driv-
ing a liquid crystal display apparatus, which method makes it
possible to prevent deterioration in display quality of both a
still image and a moving image and to achieve an improve-
ment in response speed at which a moving image is displayed.
[0017] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting applied voltages to pixels, the applied
voltages respectively corresponding to a total of n (n being an
integer of not less than 4) types of gradation 0 to (n-1); when
a moving image is displayed, without using applied voltages
respectively corresponding to gradations of less than a pre-
determined gradation m (1=m=(n-2)), overlapping (n-m)
types of gradation partially so that n gradations are obtained
and then sorting the n gradations into a range of (i) an applied
voltage corresponding to the predetermined gradation m to
(i1) an applied voltage corresponding to the gradation (n-1);
and when an applied voltage corresponding to a gradation k (k
being an integer of 0 to (n—1)) obtained by the sorting is
applied to the pixels, performing overdrive driving with
respect to the total of n (n being an integer) types of gradation.
[0018] According to the foregoing invention, the applied
voltages respectively corresponding to the gradations of less
than the predetermined gradations m (1=m=(n-2)) are not
used when a moving image is displayed. As a result, a low-
gradation display is not carried out in a normally black sys-
tem. This causes a range of luminances that can be displayed
to be narrower than when normal display driving is per-
formed, thereby causing deterioration in display quality.
[0019] Inview ofthis, the present invention overlaps (n—m)
types of gradation partially so that n gradations are obtained
and then sorts the n gradations into a range of (i) an applied
voltage corresponding to the predetermined gradation m to
(i1) an applied voltage corresponding to the gradation (n-1).
Therefore, even when the applied voltages respectively cor-
responding to the gradations of less than the predetermined
gradation m are not used, the n gradations can be expressed.
This makes it possible to prevent deterioration in display
quality. Further, since the overdrive driving is performed, the
response speed is increased.
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[0020] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting applied voltages to pixels, the applied
voltages respectively corresponding to a total of n (n being an
integer of not less than 4) types of gradation 0 to (n-1); when
a moving image is displayed, without using applied voltages
respectively corresponding to gradations of less than a pre-
determined gradation m (1=m=(n-2)), redividing the total
of n types of gradation within a range of the predetermined
gradationm to a gradation (n—1); and when an applied voltage
corresponding to a gradation p (p being an integer of 0 to
(n-1)) obtained by the redivision is applied to the pixels,
performing overdrive driving with respect to the total of n
types of gradation.

[0021] According to the foregoing invention, the applied
voltages respectively corresponding to the gradations of less
than the predetermined gradations m (1=m=(n-2)) are not
used when a moving image is displayed. As a result, a low-
gradation display is not carried out in a normally black sys-
tem. This causes a range of luminances that can be displayed
to be narrower than when normal display driving is per-
formed, thereby causing deterioration in display quality.
[0022] In view of this, the present invention redivides the
total of n types of gradation within a range of the predeter-
mined gradation m to a gradation (n-1). Therefore, even
when the applied voltages respectively corresponding to the
gradations of less than the predetermined gradation m are not
used, the n gradations can be expressed. This makes it pos-
sible to prevent deterioration in display quality. Further, since
the overdrive driving is performed, the response speed is
increased.

[0023] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting still-image applied voltages to pixels,
the still-image applied voltages respectively corresponding to
a total of n (n being an integer of not less than 4) types of
gradation O to (n-1); when a moving image is displayed,
without using applied voltages respectively corresponding to
gradations of less than a predetermined gradationm (1=m=
(n-2)), (i) outputting, to the pixels, applied voltages, corre-
sponding to a range of the gradation 0 to a gradation (n-1),
which are obtained by adding, to each of the still-image
applied voltages, an applied voltage corresponding to the
predetermined gradation m, and (ii) performing overdrive
driving with respect to the total of n types of gradation.
[0024] According to the foregoing invention, the applied
voltages respectively corresponding to the gradations of less
than the predetermined gradations m (1=m=(n-2)) are not
used when a moving image is displayed. As a result, a low-
gradation display is not carried out in a normally black sys-
tem. This causes a range of luminances that can be displayed
to be narrower than when normal display driving is per-
formed, thereby causing deterioration in display quality.
[0025] In view of this, the present invention outputs, to the
pixels, applied voltages corresponding to a range of the gra-
dation 0 to a gradation (n-1), the applied voltages being
obtained by adding, to each of the still-image applied volt-
ages, an applied voltage corresponding to the predetermined
gradation m. Therefore, even when the applied voltages
respectively corresponding to the gradations of less than the
predetermined gradation m are not used, n gradations can be
expressed. This makes it possible to prevent deterioration in
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display quality. Further, since the overdrive driving is per-
formed, the response speed is increased.

[0026] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting applied voltages to pixels, the applied
voltages respectively corresponding to a total of n (n being an
integer of not less than 4) types of gradation 0 to (n-1); and
when a moving image is displayed, (i) outputting an applied
voltage to the pixels instead of applied voltages respectively
corresponding to gradations of not less than a predetermined
gradation q (1=q=(n-1)) and (ii) performing overdrive driv-
ing with respect to the total of n types of gradation, the applied
voltage corresponding to the predetermined gradation q.

[0027] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting applied voltages to pixels, the applied
voltages respectively corresponding to a total of n (n being an
integer of not less than 4) types of gradation 0 to (n-1); when
a moving image is displayed, without using applied voltages
respectively corresponding to gradations of not less than a
predetermined gradation q (1=q=(n-1)), overlapping (n-q)
types of gradation partially so that n gradations are obtained
and sorting the n gradations into a range of an applied voltage
corresponding to the predetermined gradation q-1 to an
applied voltage corresponding to the gradation 0; and when
an applied voltage corresponding to a gradation k (k being an
integer of 0 to (n—1)) obtained by the sorting is applied to the
pixels, performing overdrive driving with respect to the total
of n types of gradation.

[0028] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting applied voltages to pixels, the applied
voltages respectively corresponding to a total of n (n being an
integer of not less than 4) types of gradation 0 to (n-1); when
a moving image is displayed, without using applied voltages
respectively corresponding to gradations of not less than a
predetermined gradation q redividing the total of n types of
gradation within a range of the predetermined gradation q-1
to a gradation 0; and when an applied voltage corresponding
to a gradation p (p being an integer of O to (n—1)) obtained by
the redivision is applied to the pixels, performing overdrive
driving with respect to the total of n types of gradation.

[0029] Further, in order to solve the foregoing problems, a
method of the present invention for driving a liquid crystal
display apparatus includes the steps of: when a still image is
displayed, outputting still-image applied voltages to pixels,
the still-image applied voltages respectively corresponding to
a total of n (n being an integer of not less than 4) types of
gradation 0 to (n-1); when a moving image is displayed,
without using applied voltages respectively corresponding to
gradations of not less than a predetermined gradation q
(1=q=(n-1)), (i) outputting, to the pixels, applied voltages,
corresponding to a range of the gradation 0 to a gradation
(n-1), which are obtained by adding, to each of the still-image
applied voltages, an applied voltage corresponding to the
predetermined gradation ¢, and (ii) performing overdrive
driving with respect to the total of n types of gradation.

[0030] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
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Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 shows an embodiment of a method of the
present invention for driving a liquid crystal display appara-
tus, and is a characteristic diagram showing a gradation-
luminance relationship formed when a low-gradation region
is eliminated at the time of displaying a moving image.
[0032] FIG. 2 is a block diagram showing an overall
arrangement of the liquid crystal display apparatus.

[0033] FIG. 3 is a waveform chart showing a response
waveform obtained when a low-gradation region is elimi-
nated at the time of displaying a moving image in the liquid
crystal display apparatus and of performing overdrive driv-
ing.

[0034] FIG. 4(a) is a diagram showing a relationship
between time and gradation data that are to be written in
pixels when overdrive driving is performed such that the
gradation O (black) in the previous frame is changed to a
gradation 128 (intermediate gradation) for the current frame.
[0035] FIG. 4(b) is a waveform chart showing a liquid-
crystal response waveform obtained from FIG. 5(a).

[0036] FIG. 5 is a diagram showing a look-up table, in
which overdrive driving output data are stored in correspon-
dence with the gradation values of previous-frame image data
and the gradation values of current-frame image data, of the
liquid crystal display apparatus.

[0037] FIG. 6 is a characteristic diagram showing a grada-
tion-luminance relationship formed when n gradations are
sorted into a range of voltages for gradations (n-m) or when
the same range of applied voltages is redivided in accordance
with n gradations at the time of displaying a moving image in
the liquid crystal display apparatus.

[0038] FIG. 7 is a diagram showing converted gradations
and liquid crystal applied voltages each used when first to
third methods are employed in the liquid crystal display appa-
ratus.

[0039] FIG. 8 is a characteristic diagram showing, in con-
trast to a normal gradation-luminance relationship, a grada-
tion-luminance relationship formed when n gradations are
sorted into a range of voltages for gradations (n-m) or when
the same range of applied voltages is redivided in accordance
with n gradations at the time of displaying a moving image in
the liquid crystal display apparatus.

[0040] FIG. 9 is a characteristic diagram showing a grada-
tion-luminance relationship formed when a backlight adjust-
ment is made at the time of displaying a moving image in the
liquid crystal display apparatus.

[0041] FIG. 10 shows another embodiment of a method of
the present invention for driving a liquid crystal display appa-
ratus, and is a characteristic diagram showing a gradation-
luminance relationship formed when an applied voltage is
shifted.

[0042] FIG. 11 is a characteristic diagram showing a gra-
dation-luminance relationship formed when a backlight
adjustment is made at the time of displaying a moving image
according to the method for driving a liquid crystal display
apparatus.

[0043] FIG. 12 shows a conventional method for driving a
liquid crystal display apparatus, and is a waveform chart
showing overdrive driving.
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[0044] FIG. 13 is a characteristic diagram showing a nor-
mal gradation-luminance relationship of the liquid crystal
display apparatus.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiment 1

[0045] An embodiment of the present invention will be
described below with reference to FIGS.1t0 9.

[0046] For example, as shown in FIG. 2, an active matrix
liquid crystal display apparatus 10 of the present embodiment
includes: a display section 1, a gate driving section 2, a source
driving section 3, a common electrode driving section 4, a
control section in which a calculating section 5 is provided, a
frame memory 7, a look-up table 8, and a backlight driving
section 9.

[0047] Although not fully shown in the figure, the display
section 1 includes e scanning signal lines that are parallel to
one another, f data signal lines that are parallel to one another,
and pixels arrayed in a matrix manner. Each of the pixels is
formed in a region enclosed by two adjacent scanning signal
lines and two adjacent data signal lines.

[0048] The gate driving section 2 sequentially generates, in
accordance with a gate clock signal and a gate start pulse each
outputted from the control section 6, scanning signals that are
to be supplied to scanning signal lines connected to pixels
arrayed in each line.

[0049] The source driving section 3 samples an image data
signal DAT in accordance with a source clock signal and a
source start pulse each outputted from the control section 6,
and outputs the obtained image data to data signal lines con-
nected to pixels arrayed in each line.

[0050] The control section 6 is a circuit that generates, in
accordance with a synchronization signal inputted thereto,
the image data signal DAT, and a signal MS for discriminating
between an moving image and a still image, various control
signals for controlling operation of the gate driving section 2
and source driving section 3, and then outputs the control
signals. As described above, examples of the control signals
that are outputted from the control section 6 include the clock
signal, the start pulse, and the image data signal DAT.
[0051] The calculating section 5 of the control section 6
converts the image data signal DAT when a moving image is
displayed. The data conversion in the calculating section 5 is
performed, for example, in accordance with data stored in the
look-up table 8. Note that the calculating section 5 can be
integrated with a driver such as the source driving section 3 or
the gate driving section 2. Further, in cases where an external
control IC is provided, the calculation section 5 can also be
part of that control IC. Furthermore, the calculating section 5
can also be incorporated as a monolithic circuit into the dis-
play section 1. Further, according to the foregoing example,
the calculating section 5 is provided in the control section 6.
However, the present invention is not limited to this. It is also
possible to perform a gradation process or the after-men-
tioned black process by disposing only the calculating section
5 in front of the control section 6.

[0052] On this occasion, the control section 6 receives a
signal MS for discriminating between a moving image and a
still image, thereby determining whether or not a moving
image is displayed. In case of a still image, the control section
6 becomes able to carry out a display without making a
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gradation transition, and therefore becomes able to carry out
a display without impairing y characteristic, luminance, and
contrast at all.

[0053] Suchasignal MS for discriminating between a mov-
ing image and a still image can be realized, for example, by
preparing a single terminal for an input signal in such a way
that a high input signal indicates a moving image and a low
input signal indicates a still image. That is, for example, it is
possible that: the control section 6 receives, from a user set, a
1-bit signal that represents a moving image or a still image,
thereby discriminating between a moving image and a still
image.

[0054] Note that the discrimination between a moving
image and a still image is not necessarily limited to this. For
example, a command that represents a moving image or a still
image may be received. Furthermore, it is possible to employ
a discriminating method including the steps of: storing, in the
frame memory 7, data corresponding to the previous frame
that came immediately before the current frame; comparing
the data with data corresponding to the current frame; and
setting a moving-image mode when there is a difference
between the data corresponding to the previous frame and the
data corresponding to the current frame. Examples of the
difference between the data corresponding to the previous
frame and the data corresponding to the current frame include
a difference of not less than a predetermined gradation and a
difference of not less than a certain number of pixels.

[0055] Meanwhile, each of the pixels of the display section
1 includes a switching element such as a TFT (thin film
transistor), a liquid crystal capacitor, and the like. In such a
pixel, the TFT has a gate connected to a scanning signal line
and has a drain and source via both of which one electrode of
the liquid crystal capacitor is connected to a data signal line,
and the other electrode of the liquid crystal capacitor is con-
nected to a common electrode wire that is common to all the
pixels. The common electrode driving section 4 supplies a
voltage that is to be applied to this common electrode wire.
[0056] In the liquid crystal display apparatus 10, the gate
driving section 2 selects a scanning signal line, and an image
data signal DAT to be sent to a pixel corresponding to a
combination of the scanning signal line being selected and
each ofthe data signal lines is outputted to that data signal line
by the source driving section 3. With this, the image data are
respectively written in pixels connected to the scanning signal
line. Similarly, the gate driving section 2 sequentially selects
the scanning signal lines, and the source driving section 3
outputs image data to the data signal lines. As a result, the
image data are respectively written in all the pixels of the
display section 1, so that the display section 1 displays an
image corresponding to the image data signal DAT.

[0057] On this occasion, the image data that are sent from
the control section 6 to the source driving section are trans-
mitted as an image data signal DAT in a time-dividing man-
ner. When the image data are sent to the source driving section
3 via the control section 6, the current-frame data is stored in
the frame memory 7. The one-frame data stored in the frame
memory 7 is used to be compared with the previous-frame
data when the calculating section 5 performs overdrive driv-
ing.

[0058] The source driving section 3 extracts various image
data from the image data signal DAT at timings based on a
source clock signal, an inversion source clock signal, and a
source start pulse each serving as a timing signal, and then
outputs the image data to the respective pixels.
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[0059] Incidentally, for example, it is known that the
response speed of a normally black system becomes low in a
transition from a low gradation to a higher gradation. This
causes a problem when a moving image is displayed. The
response speed becomes low especially when both of the
gradations (i.e., the gradation before change and the gradation
after change) are at low levels. On the other hand, it is known
that the response speed of a normally white system becomes
low in a transition from a high gradation to a lower gradation
or especially when both of the gradations are at high levels.
[0060] Inview ofthis, the present embodiment achieves an
improvement in response speed by a first method of display-
ing a still image in accordance with a conventional normal
gradation-luminance curve shown in FIG. 13 and displaying
a moving image without using a level at which the response
speed becomes low.

[0061] Specifically, assume, for example, that when the
total number of gradations is 256, a normally black system is
slow in responding to applied voltages OV to 31V respectively
corresponding to gradations 0 to 31. In this case, the applied
voltages V0 to V31 respectively corresponding to the 32
gradations are raised to the same voltage as an applied voltage
V32 corresponding to a gradation 32.

[0062] This results in such a gradation-luminance relation-
ship as shown in FIG. 1. In addition, the performance of
overdrive driving makes it possible to, as shown in FIG. 3,
achieve a very satisfactory improvement in response speed at
which a moving image is displayed. Further, since the other
gradation applied voltages (V32 to V255) are not changed,
the y characteristic of the display section 1 is not changed, so
that it is possible to maintain a good display.

[0063] The following explains overdrive driving. As shown
in FIG. 4(a), the overdrive driving is a driving method of
applying correction data derived from a relationship formed
by making a comparison between data corresponding to the
current frame and data corresponding to the one frame that
came immediately before the current frame. To be more accu-
rate, the relationship refers to “to apply such a gradation as to
make a difference bigger than the difference between the
gradation of the one frame that came immediately before the
current frame (such a frame being hereinafter referred to as
‘previous frame’) and the gradation of data inputted to the
current frame”. For example, the overdrive driving is such
driving that in cases where the gradation of the previous frame
is V0 and the gradation of data inputted to the current frame is
V128, the gradation V160 is applied. The application of such
a gradation value makes it possible to obtain a liquid-crystal
response waveform, shown in FIG. 5(b), which has a sharp
rising edge.

[0064] As described above, the overdrive driving is a driv-
ing method of applying an unusual voltage only to a frame
that comes immediately after a change in gradation. Further,
the amount of change in voltage is changed in accordance
with the relationship between a gradation before change and
a gradation after change. Therefore, the luminance at a gra-
dation is not steadily changed to a certain value.

[0065] A gradation value for applying a voltage higher than
a normally desired gradation applied voltage for the purpose
ofthe overdrive driving, i.e., a gradation value that is found in
accordance with the relationship between a gradation before
change and a gradation after change can be obtained by cal-
culation. However, the present invention is not necessarily
limited to this. As shown in FIG. §, such a gradation value can
be calculated with use of the look-up table 8.
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[0066] Incidentally, the luminance-gradation characteristic
of FIG. 1 causes a range of luminances that can be displayed
to be narrower than when normal display driving is per-
formed, thereby causing deterioration in display quality. That
is, gradations other than those equalized are normal. There-
fore, a good y characteristic is exhibited. However, the num-
ber of gradations is reduced to the extent of the equalization.
[0067] Inview of this, the present embodiment smoothens
the luminance-gradation characteristic in the following man-
ner.

[0068] For example, on the assumption that the total num-
ber of gradations is 256 and the predetermined gradation is m,
the present embodiment sorts n gradations into a range of
voltages for gradations (n-m) by a second method.

[0069] Specifically, without using applied voltages respec-
tively corresponding to gradations of less than the predeter-
mined gradation m (m being an integer of not less than 1),
(n-m) types of gradation are partially overlapped so that n
gradations are obtained, and then the n gradations are sorted
into a range of (i) an applied voltage corresponding to the
predetermined gradation m to (ii) an applied voltage corre-
sponding to a gradation (n—-1). Then, such overdrive driving is
performed that when an applied voltage for a gradation k (k
being an integer of 0 to (n-1)) obtained by the sorting is
applied, a voltage higher than a voltage that is normally
applied for the k gradation is applied.

[0070] This results in a luminance-gradation curve L1
shown in FIG. 6. That is, this luminance-gradation curve [.1
covers a gradation range of 1 to 255; therefore, the display
quality becomes better than before. However, since the n
gradations are expressed in a pseudo manner with use of the
remaining (n-m) gradations, the number of gradations is
reduced. Further, the y characteristic is such that a white
floating phenomenon occurs. However, the second method is
easily carried out because it can be realized by using a con-
ventional liquid crystal driver without modification.

[0071] Meanwhile, for example, the present embodiment
can redivide the same range of applied voltages in accordance
with n gradations by a third method. Specifically, without
using gradations of less than the predetermined gradation m
(m being an integer of not less than 1), a total of n (n being an
integer of more than m) types of gradation are redivided
within a gradation range of m to n—1. Then, such overdrive
driving is performed that when an applied voltage for a gra-
dation k (k being an integer of 0 to (n-1)) obtained by the
redivision is applied, a voltage higher than a voltage that is
normally applied for the k gradation is applied.

[0072] Although the third method is more complicated than
the second method, the third method yields a smoother gra-
dation display. That is, since the gradations are reset, all the n
gradations can be expressed. However, the y characteristic is
such that a white floating phenomenon occurs. Further, when
the third method is carried out, a conventional liquid crystal
driver cannot be used without modification. This is because
the liquid crystal driver needs to be arranged such that grada-
tion voltages can be changed.

[0073] Further, the elimination of these low gradations and
the performance of overdrive driving make it possible to
obtain a response waveform, such as the one shown above in
FIG. 3, which has no angular response (two-step response)
portion and has a sharp rising edge.

[0074] FIG. 7 specifically shows gradations and liquid
crystal applied voltages with respect to each of the first to
third methods. As shown in FIG. 7, all the methods have the
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same liquid crystal applied voltage when the original data
corresponds to a gradation 0; however, they differ from one
another in subsequent processes.

[0075] Incidentally, in cases where the gradations are
adjusted by the aforementioned processes, the y characteristic
is changed. As a result, an entirely whitish image is obtained
in case of anormally black system, and an entirely dark image
is obtained in case of a normally white system.

[0076] In such a case, it is preferable, for example, to per-
form light control with use of a backlight by a fourth method
(such light control being hereinafter referred to as “backlight
light control”). This backlight light control is performed by
the backlight driving section 9 of FIG. 2. The following
explains the backlight light control with reference to a case
where the backlight light control is performed in a normally
black system.

[0077] Thatis, the process of rearranging gradations causes
such a change in gradation-luminance characteristic that
results in a luminance-gradation curve L1 indicated by a solid
line in FIG. 8. FIG. 8 indicates a normal luminance-gradation
curve L0 by a dotted line.

[0078] Therefore, a reduction in backlight luminance
makes it possible to prevent an image from being entirely
whitish. In this case, the backlight luminance can be adjusted
so that, as shown by a luminance-gradation curve L2 indi-
cated by a dashed line in FIG. 9, the average values of the
luminances of all the gradations become equal. Further, the
present invention is not limited to this. For example, it is
possible to make an adjustment such that the luminances of
specific gradations become equal.

[0079] Further, although the foregoing explanation
assumes that a normally black system is employed, the
present invention is not necessarily limited to this. A normally
white system can also be employed in the same line of
thought.

[0080] That is, it is known that the response speed of a
normally white system becomes low in a transition from a
high gradation to a lower gradation or especially when both of
the gradations are at high levels. This causes a problem when
a moving image is displayed.

[0081] Therefore, the response speed can be improved by
carrying out a display without using a level at which the
response speed becomes low.

[0082] Specifically, for example, in cases where the display
section 1 having a total of 256 gradations is slow in respond-
ing to gradations V255 to V241, applied voltages respectively
corresponding to the 15 gradations are raised to the same
voltage as the gradation V240. This results in a great improve-
ment in response characteristic.

[0083] Further, in cases where the other gradations (V0 to
V240) are not changed, the y characteristic of the display
section 1 is not changed, so that it is possible to maintain a
good display.

[0084] As described above, the method of the present
embodiment for driving the liquid crystal display apparatus
10 is characterized as follows. That is, for example, in case of
a normally black system, a low voltage can be applied as a
gradation output when a still image is displayed. However,
when a moving image is displayed, only a gradation that is
higher by a predetermined voltage is used instead of that low
voltage.

[0085] That is, a liquid crystal driving circuit generates an
applied voltage corresponding to each gradation, but each
gradation voltage is basically fixed. According to Japanese
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Unexamined Patent Application Publication No. 78129/2004
(Tokukai 2004-78129), a gradation voltage is set in advance
to be higher by a predetermined voltage. On the other hand,
according to the present embodiment, a gradation voltage is
set to be at the same level as a normal voltage, and a gradation
of not more than a predetermined voltage is not used when a
high-speed response is required. This makes it possible to
easily realize a high-speed response. Further, when a high-
speed response is not required, a gradation of not more than a
predetermined voltage can be used. This makes it possible to
carry out a display with higher contrast (with higher lumi-
nance in some cases).

[0086] Further, the application of the technique of the
present embodiment to a conventional driving circuit as well
as a liquid crystal display apparatus, having such a driving
circuit, which carries out a display by using a portion of not
less than a predetermined voltage makes it possible to realize
ahigh-speed response without causing a change in the driving
circuit.

[0087] Further, for gradations other than the gradations
whose driving voltages have been uniformed, normal driving
is performed. This results in a display with a good gradation
y characteristic.

[0088] Furthermore, a moving image and a still image are
discriminated from each other in accordance with some sort
of'signal that represents a moving image or a still image, and
in case of a still image, normal driving is performed for all the
gradations. This makes it possible to carry out a display
without impairing y characteristic, luminance, and contrast at
all.

[0089] Further, an increase in power can be prevented by, at
the time of displaying a still image, stopping driving a
memory for overdrive, driving a calculating circuit, and sup-
plying power to the memory.

Embodiment 2

[0090] Another embodiment of the present embodiment
will be described below with reference to FIGS. 10 and 11.
Arrangements other than those described in the present
embodiment are the same as in Embodiment 1. Further, for
convenience of explanation, members having the same func-
tions as those shown in the drawings of Embodiment 1 are
given the same reference numerals, and will not be described
below.

[0091] Embodiment 1 rearranges the gradation range; how-
ever, the present invention is not particularly limited to this.
As shown in FIG. 10, the applied voltages can be simply
shifted. This makes it possible to obtain a wide-range lumi-
nance characteristic.

[0092] Incidentally, this method of simply shifting the
applied voltages causes an increase in luminance of all the
gradations. Therefore, as with Embodiment 1, the y charac-
teristic is changed. As a result, an entirely whitish image is
obtained in case of a normally black system, and an entirely
dark image is obtained in case of a normally white system.
[0093] In such a case, it is preferable to perform backlight
light control as with Embodiment 1. This backlight light
control is performed by the backlight driving section 9 of FIG.
2. The following explains the backlight light control with
reference to a case where the backlight light control is per-
formed in a normally black system.

[0094] That is, the process of simply shifting the applied
voltages causes such a change in gradation-luminance char-
acteristic that results in a luminance-gradation curve L1 indi-
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cated by a solid line in FIG. 10. FIG. 10 indicates a normal
luminance-gradation curve L0 by a dotted line. Note that FIG.
10 shows a curve that has been simply shifted. However,
strictly speaking, because the vertical axis represents the con-
verted luminance, the curve L1 is not obtained by simply
shifting the curve L0.

[0095] As described above, a reduction in backlight lumi-
nance makes it possible to prevent an image from being
entirely whitish. Specifically, an adjustment of backlight
luminance makes it possible that, as shown in FIG. 11, the
gradation-luminance characteristic exhibited when a moving
image is displayed is equal to the gradation-luminance char-
acteristic exhibited when a still image is displayed.

[0096] Further, although the foregoing explanation
assumes that a normally black system is employed, the
present invention is not necessarily limited to this. A normally
white system can also be employed in the same line of
thought.

[0097] As described above, according to the method of the
present invention for driving the liquid crystal display appa-
ratus, it is preferable that applied voltages respectively cor-
responding to predetermined gradations m to (n—1) for use in
displaying a moving image be identical to still-image applied
voltages respectively corresponding to predetermined grada-
tions m to (n—1) for use in displaying a still image.

[0098] With this, as applied voltages respectively corre-
sponding to predetermined gradations m to (n-1), still-image
applied voltages respectively corresponding to predeter-
mined gradations m to (n—1) for use in displaying a still image
are used. This makes it possible to use a gradation-luminance
characteristic that is exhibited when a still image is displayed,
so that there is no change in display quality.

[0099] Further, according to method of the present inven-
tion for driving the liquid crystal display apparatus, it is
preferable that when the liquid crystal display apparatus
employs a normally black system, the applied voltages
respectively corresponding to the gradations of less than the
predetermined gradation m should not be used.

[0100] This makes it possible to prevent an angular
response in overdrive driving.

[0101] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable that when all the gradations consist of gradations 0
(black) to 255 (white) and the liquid crystal display apparatus
employs a normally black system, the predetermined grada-
tion m be defined as 1=m=32.

[0102] This brings about an effect of improving the
response speed of a normally black system when the prede-
termined gradation m is defined as 1=m=32.

[0103] Further, according to the method of the present
invention for driving the liquid crystal display apparatus 10, it
is preferable that when all the gradations consist of gradations
0 (black) to 255 (white) and the liquid crystal display appa-
ratus employs a normally black system, the predetermined
gradation m be defined as 9=m=15.

[0104] This brings about an effect of improving the
response speed of a normally black system when the prede-
termined gradation m is defined as 9=m=15, and also
achieves a reduction in deterioration of contrast and a reduc-
tion in influence of deterioration in image quality. For
example, in case of a display whose gradation has a y char-
acteristic adjusted to be 2.2 and whose initial contrast is not
less than 200, a reduction in contrast at 9=m=15 is kept to
not more than 30%.
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[0105] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable to adjust backlight luminance in order to prevent a
screen from being entirely whitish.

[0106] Such an adjustment of backlight luminance makes it
possible to prevent a screen from being entirely whitish when
the applied voltages are uniformly shifted.

[0107] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable that applied voltages respectively corresponding to
predetermined gradations O to q-1 for use in displaying a
moving image be identical to applied voltages respectively
corresponding to predetermined gradations 0 to q—1 foruse in
displaying a still image.

[0108] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable that when the liquid crystal display apparatus
employs a normally white system, the applied voltages
respectively corresponding to the gradations of not less than
the predetermined gradation q should not be used.

[0109] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable that when all the gradations consist of gradations O
(black) to 255 (white) and the liquid crystal display apparatus
employs a normally white system, the predetermined grada-
tion q be defined as 224=q=255.

[0110] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable that when all the gradations consist of gradations O
(black) to 255 (white) and the liquid crystal display apparatus
employs a normally white system, the predetermined grada-
tion q be defined as 241=q=247.

[0111] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable to adjust backlight luminance in order to prevent a
decrease in luminance of an entire screen.

[0112] All this makes it possible to provide a method for
driving a liquid crystal display apparatus 10, regardless of
whether the liquid crystal display apparatus 10 employs a
normally black system or a normally white system, which
method makes it possible to prevent deterioration in display
quality of both a still image and a moving image and to
achieve an improvement in response speed at which a moving
image is displayed.

[0113] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable to adjust an applied voltage in accordance with a'y
characteristic so that the y characteristic is improved.

[0114] This achieves an improvement in y characteristic.
Specifically, such a gradation that the y characteristic is
improved can be picked up by calculation based on the trans-
mittance characteristic of liquid crystals with respect to an
applied voltage.

[0115] Further, according to the method of the present
invention for driving the liquid crystal display apparatus 10, it
is preferable to discriminate between a still image and a
moving image in accordance with a signal for discriminating
between a still image and a moving image.

[0116] This makes it possible to provide a method for driv-
ing a liquid crystal display apparatus 10, which method
makes it easy to discriminate between a still image and a
moving image by acquiring a signal for discriminating
between a still image and a moving image. When a still image
is displayed, this method makes it possible to perform normal
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driving for all gradations, thereby making it possible to dis-
play the still image without impairing y characteristic, lumi-
nance, and contrast. When a moving image is displayed, this
method makes it possible to achieve an improvement in
response speed.

[0117] Further, according to the method of the present
invention for driving the liquid crystal display apparatus, it is
preferable to suspend overdrive driving when a still image is
displayed.

[0118] This makes it unnecessary to increase the response
speed when a still image is displayed, and makes it possible to
achieve a reduction in power consumption by suspending
overdrive driving.

[0119] 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

[0120] The present invention can be used as a method for
driving a liquid crystal display apparatus such as an active-
matrix display.
1. A method for driving a liquid crystal display apparatus,
comprising the steps of:
when a still image is displayed, outputting still-image
applied voltages to pixels, the still-image applied volt-
ages respectively corresponding to a total of n (n being
an integer of not less than 4) types of gradation O to

(n-1);
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when a moving image is displayed, without using applied
voltages respectively corresponding to gradations ofless
than a predetermined gradation m (1=m=(n-2)), (i)
outputting, to the pixels, applied voltages, correspond-
ing to a range of the gradation 0 to a gradation (n-1),
which are obtained by adding, to each of the still-image
applied voltages, an applied voltage corresponding to
the predetermined gradation m, and (ii) performing
overdrive driving with respect to the total of n types of
gradation.

2. A method for driving a liquid crystal display apparatus,
comprising the steps of:
when a still image is displayed, outputting still-image
applied voltages to pixels, the still-image applied volt-
ages respectively corresponding to a total of n (n being
an integer of not less than 4) types of gradation O to
(n-1);
when a moving image is displayed, without using applied
voltages respectively corresponding to gradations of not
less than a predetermined gradation q (1=q=(n-1)), (i)
outputting, to the pixels, applied voltages, correspond-
ing to a range of the gradation O to a gradation (n-1),
which are obtained by adding, to each of the still-image
applied voltages, an applied voltage corresponding to
the predetermined gradation q, and (ii) performing over-
drive driving with respect to the total of n types of
gradation.
3. The method as set forth in claim 1, comprising the step
of adjusting an applied voltage in accordance with a y char-
acteristic so that the y characteristic is improved.

* * #* ok %
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