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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to liquid crystal dis-
plays, and particularly to a liquid crystal display that adopts a
hold-type display scheme.

[0003] 2. Description of the Background Art

[0004] In liquid crystal displays, tailing and after image
may occur in the displayed moving images. When such
troubles are due to the response time of the liquid crystals,
there are known methods that improve the response time of
the liquid crystal panel, or that use the overdrive function. In
the overdrive function, when the gray level of the moving
picture displayed on the liquid crystal panel does not achieve
the target gray level, the voltage applied to the liquid crystal
panel is temporarily raised to compensate for the lack of the
applied voltage, so as to achieve the target gray level.

[0005] It is thus possible to achieve the target brightness
within one frame by applying these methods, but the so-called
hold-type display scheme has a peculiar problem that the
boundaries of objects appear blurred when displaying mov-
ing images, because it provides no dark display between
frames like the impulse-type display scheme.

[0006] Pseudo-impulse driving schemes have been devel-
oped in order to solve the problem, including a scheme called
black frame insertion (black writing) where black images are
inserted between frames, as illustrated for example in FIG. 50
of Japanese Patent Application Laid-Open No. 2006-178488
(which is hereinafter referred to as Patent Document 1), and a
scheme where backlight brightness is controlled to insert
black display periods.

[0007] However, while adopting the black frame insertion
(black writing) scheme improves the display of moving
images, inserting black of the minimum brightness between
frames reduces the brightness in the entire screen.

[0008] There is a method that increases backlight bright-
ness to solve the reduction of brightness, but it leads to prob-
lems such as increased power consumption and increased
black brightness.

[0009] For techniques that adopt the black frame insertion
(black writing) while suppressing the reduction of brightness,
Patent Document 1 and Japanese Patent Application Laid-
Open No. 2001-296841 (which is hereinafter referred to as
Patent Document 2), for example, disclose methods in which
black is written when the input data is below a defined value,
and white or a color of a gray level close to white is written
when the input data exceeds the defined value.

[0010] Also, Japanese Patent Application Laid-Open No.
2000-029442 (hereinafter referred to as Patent Document 3)
discloses a method in which an extreme value (white or black)
and a halftone are displayed in alternate frames to display the
same gray level as the input data.

[0011] In this way, for the problem of image blur in dis-
playing moving images, which is peculiar to the hold-type
display scheme, various attempts have been made to solve the
problem withno reduction in brightness, no increase in power
consumption, and with no increase in black brightness, but
such attempts involved problems leading to increased costs,

Oct. 29, 2009

such as increased circuit scale, need for increased frame
memory capacity, and need for higher-speed communication
with the frame memory.

SUMMARY OF THE INVENTION

[0012] A liquid crystal displays adopting a hold-type dis-
play scheme is provided which solves image blur in display-
ing moving images, with no reduction in brightness, no
increase in power consumption and no increase in black
brightness, while keeping costs low.

[0013] A liquid crystal displays according to an aspect of
the present invention includes a liquid crystal panel, a con-
troller that controls display in the liquid crystal panel on the
basis of input frame data, and a frame memory that stores,
frame by frame, data displayed in the liquid crystal panel. The
controller includes: a data converter that divides the input
frame data into first subframe data and latter subframe data,
and that makes settings such that an average of integrated
values of output brightness of the first subframe and output
brightness ofthe latter subframe is equal to a target brightness
of the input data; and a data serial-parallel converter that
serial-parallel converts the latter subframe data. The latter
subframe data is created in the data converter to include four
pieces of data including maximum output brightness data,
minimum output brightness data, and arbitrary first and sec-
ond brightness data that are respectively close to the maxi-
mum output brightness data and the minimum output bright-
ness data, and the latter subframe data is stored in the frame
memory, and the first subframe data is used to control the
display in the liquid crystal panel together with latter sub-
frame data that is stored in the frame memory for one hori-
zontal line that precedes the currently-processed one horizon-
tal line by a predetermined number of lines.

[0014] The liquid crystal displays described above divides
input frame data into first subframe data and latter subframe
data, and makes settings such that an average of integrated
values of the output brightness of the first subframe and the
output brightness of the latter subframe is equal to the target
brightness of the input data, and the latter subframe data is
created such that it includes four pieces of data including
maximum output brightness data, minimum output bright-
ness data, and arbitrary first and second brightness data
respectively close to them, whereby image blur in displaying
moving images is suppressed in a liquid crystal displays
adopting a hold-type display scheme. Also, the reduction of
brightness in the entire screen is suppressed by the use of the
arbitrary brightness data respectively close to the maximum
output brightness data and the minimum output brightness
data as latter subframe data, together with the maximum
output brightness data and the minimum output brightness
data. Accordingly, there is no need to increase backlight
brightness to deal with the reduction of brightness, and so the
power consumption is not increased and the black brightness
is not increased. Also, the conventional configuration can be
used to obtain the effects above without a need to add special
configuration to the liquid crystal displays, and so the circuit
scale is not enlarged. Also, there is no need for increased
frame memory capacity and higher-speed communication
with the frame memory, and so no cost increase is needed.
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[0015] These and other objects, features, aspects and
advantages of the present invention will become more appat-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a diagram illustrating the display of a
moving image according to a hold-type display scheme;
[0017] FIG. 2 is a diagram illustrating the display of a
moving image according to a hold-type display scheme;
[0018] FIG. 3 is a diagram illustrating a gray-level charac-
teristic between input gray level and output gray level;
[0019] FIG. 4 is a diagram illustrating a characteristic
between input gray level and output brightness;

[0020] FIG. 5 is a diagram illustrating the display of a
moving image according to a hold-type display scheme;
[0021] FIG. 6 is a diagram illustrating a gray-level charac-
teristic between input gray level and output gray level;
[0022] FIG. 7 is a diagram illustrating a characteristic
between input gray level and output brightness;

[0023] FIG. 8 is a block diagram illustrating the circuit
configuration of the entirety of a liquid crystal displays
according to a first preferred embodiment of the present
invention;

[0024] FIG.9isa block diagram illustrating the configura-
tion of a timing controller;

[0025] FIG.101s a diagram illustrating the gray-level char-
acteristic between input gray level and output gray level in the
liquid crystal display of the first preferred embodiment of the
present invention;

[0026] FIG. 11 is a diagram illustrating the characteristic
between input gray level and output brightness in the liquid
crystal display of the first preferred embodiment of the
present invention;

[0027] FIG. 12 is a diagram illustrating the data flow in the
timing controller;

[0028] FIG. 13 is a diagram illustrating the display of a
moving image according to a hold-type display scheme;
[0029] FIG. 14 is a diagram illustrating the display of a
moving image in the liquid crystal display of the first pre-
ferred embodiment of the present invention; and

[0030] FIG. 15 is a diagram illustrating the display of a
moving image in aliquid crystal display of a first modification
of the first preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Prior Information

[0031] Prior to the description of the present invention, a
problem peculiar to the hold-type display scheme, 1.c. image
blur in displaying moving images, will be described referring
to FIGS. 1t0 7.

[0032] FIG.1isadiagram illustrating the display of images
in which an object moves horizontally on a still background in
a hold-type image display apparatus that does not adopt the
black frame insertion scheme, where the variation of bright-
ness on one horizontal line in the screen is shown with the
passage of time. In (a) and (b) portions of FIG. 1, the hori-
zontal axis shows the state of brightness in the horizontal
direction on the screen, and the vertical axis shows the pas-
sage of time, and FIG. 1 illustrates the display on the screen
for four frame periods, with one frame period shown as T1.
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[0033] (a)portion of FIG. 1 shows the movement of the line
of sight that is exhibited when the viewer’s line of sight
follows the image of the horizontally moving object, and (b)
portion of FIG. 1 shows the movement of the line of sight and
the variation of brightness that are exhibited when the object
appears substantially still as the viewer’s line of sight moves.
Also, (c) portion of FIG. 1 shows the distribution of bright-
ness of the object that is viewed by the viewer viewing the
moving object, where gradations are occurring at the contours
of the moving object and the contours appear blurred. The
width of blur is shown as L1.

[0034] FIG. 2 is a diagram illustrating the display of a
horizontally moving object in a hold-type image display
apparatus that adopts the black frame insertion scheme,
where the variation of brightness on one horizontal line in the
screen is shown with the passage of time. In (a) and (b)
portions of FIG. 2, the horizontal axis shows the state of
brightness in the horizontal direction on the screen, and the
vertical axis shows the passage of time, where one frame
period T1 is divided into two subframe periods T11 and T12,
and black images are displayed in the subframe periods T12.
Also, (¢) portion of FIG. 2 shows the distribution of bright-
ness of the object that is viewed by the viewer viewing the
moving object, where gradations are occurring at the contours
of the moving object but the blur width 1.2 is considerably
narrower than the blur width L1 shown in (¢) portion of FIG.
1.

[0035] As described before, Patent Document 2 discloses,
in Paragraphs 0155 and 0156, a technique for suppressing the
reduction of brightness while adopting the black frame inser-
tion (black writing), where a defined value is determined for
the input data, and black is written when the data is below the
defined value, and white or a color of a gray level close to
white is written when the defined value is exceeded, and
where the border is set at 50% gray level of the input data.
[0036] FIG. 3 shows a gray level characteristic between the
input gray level and output gray level that is exhibited when
data is outputted for each subframe across a border at 50%
gray level of the input data. In FIG. 3, the horizontal axis
shows the input gray level and the vertical axis shows the
output gray level, and the diagram shows that data is output-
ted for the latter subframe when the gray level of the input
data becomes 50%.

[0037] Making the judgment based on the gray level pre-
sents no problem when the y brightness characteristic is 1;
however, the relation with the output brightness is shifted
when the y characteristic is not 1, and then the target gray level
characteristic cannot be obtained as shown in FIG. 4 that
illustrates the characteristic between the input gray level and
the output brightness. That is, in FIG. 4, the horizontal axis
shows the input gray level and the vertical axis shows the
output brightness, together with the total integrated bright-
ness, and the y characteristic represented by the total inte-
grated brightness is shifted from the exponential function
characteristic as an ideal y characteristic.

[0038] Also, when the gray level varies across the defined
value at 50% from a lower gray level to a higher gray level, or
from a higher gray level to a lower gray level, a dark line and
a bright line occur at the contours of the gray level variation.
FIG. 5 show the variation of brightness on one horizontal line
in the screen in that case, with the passage of time. In (a) and
(b) portions of FIG. 5, the horizontal axis shows the state of
brightness in the horizontal direction on the screen, and the
vertical axis shows the passage of time, where one frame
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period T1 is divided into two subframe periods T11 and T12,
and black images are displayed in the subframe periods T12.
Also, (c) portion of FIG. 5 shows the distribution of bright-
ness of the moving object when viewed by a viewer viewing
the moving object, where gradations are occurring at the
contours of the moving object, and the state of blur in the
direction of movement of the moving object and the state of
blur in the opposite direction differ from each other.

[0039] That is, the image is blurred with a bright line at the
contour on the side of the movement of the moving object,
and it is blurred with a dark line at the contour on the side
opposite to the direction of movement.

[0040] In Patent Document 3, as mentioned above, an
extreme value (white or black) and a halftone are displayed in
alternate frames to display the same gray level as the input
data. FIG. 6 shows the gray level characteristic between the
input gray level and the output gray level in this case, and FIG.
7 shows the output brightness characteristic.

[0041] With such characteristics, when a gray-level pattern
is displayed, for example, flicker is visually recognized at the
border of 50% brightness level. This is because, the display of
data of 50% brightness level and data of 51% are 100/0 (50%)
in the first/latter subframe period and 2/100 (51%) in the
first/latter subframe period, and thus the amplitude of bright-
ness is large between adjacent pixels. Accordingly, noticeable
flicker appears with a pattern such as a checker flag.

First Preferred Embodiment

[0042] Now, a liquid crystal display according to a first
preferred embodiment of the present invention will be
described referring to FIGS. 8 to 14.

[0043] <Configuration of Apparatus>

[0044] FIG. 8 is a block diagram illustrating the circuit
configuration of the entire liquid crystal display of the first
preferred embodiment. As shown in FIG. 8, it includes a
liquid crystal driving circuit (gate driver IC group) 2 for
giving signals to the gate electrodes arranged in parallel to the
longer sides of a rectangular liquid crystal panel 1, and a
liquid crystal driving circuit (source driver IC group) 3 for
giving signals to the source electrodes arranged in parallel to
the shorter sides of the rectangular liquid crystal panel 1. A
timing controller 4 is connected to the liquid crystal driving
circuit 2 and the liquid crystal driving circuit 3 to control the
liquid crystal driving circuit 2 and the liquid crystal driving
circuit 3 on the basis of signal information from a data storage
circuit (frame memory) 5.

[0045] FIG.9isa block diagram illustrating the configura-
tion of the timing controller 4, which includes a data converter
11, adata serial-parallel converter 12, a line memory group 13
constituting a first-subframe-data delay circuit, a line
memory group 14 constituting a latter-subframe-data delay
circuit, a data parallel-serial converter 15, and an overdrive
operation circuit 16.

[0046] The data converter 11 divides the input frame data
(input data) into first subframe data and latter subframe data,
and the latter subframe data is givern to the data serial-parallel
converter 12 where it is serial-parallel converted. The first
subframe data is given to the line memory group 13, and given
to the overdrive operation circuit 16 after a given delay.
[0047] Thelatter subframe data converted into parallel data
is given to the line memory group 14, and given to the data
parallel-serial converter 15 after a given delay, where it is
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parallel-serial converted, and it becomes output data after the
first subframe data outputted from the overdrive operation
circuit 16.

[0048] FIG. 10 shows an example of the gray level charac-
teristic between the input gray level (input data) and the
output gray level (output data) when control is provided by
the timing controller 4 shown in FIG. 9, and FIG. 11 shows the
input gray level and output brightness characteristic in that
case.

[0049] For the data conversion of input gray level to output
gray level, the data converter 11 divides the input data into
first subframe data and latter subframe data, and the convetr-
sion can be obtained by calculation based on formulas
obtained from the v brightness characteristic, or the conver-
sion may be achieved by using a previously created lookup
table (LUT); means thereof is not restricted. Also, the LUT
can be obtained by reading from the outside by using an
external ROM (Read Only Memory) or communication
means.

[0050] AsshowninFIG. 11, the latter subframe data means
data of white and black, and arbitrary data close to white and
black. That is, in FIG. 11, the data of the maximum output
brightness is the white data, the data of the minimum output
brightness is the black data, the data of a brightness somewhat
lower than the maximum output brightness is the arbitrary
data close to white, and the data of a brightness somewhat
higher than the minimum output brightness is the arbitrary
data close to black. Accordingly, the data is handled as 2-bit
data regardless of the gray-level bit width of the input data.
For example, 00=Gray level 0, 01=Gray level 158, 10=Gray
level 186, and 11=Gray level 256.

[0051] Thus, thereis no need to process with the gray-level
bits of the input data, and the scale of the circuitry including
the data converter 11 can be small.

[0052] The first subframe data is determined such that an
average of integrated values of the display brightness of the
first subframe data and the latter subframe data is equal to a
converted value of the display brightness of the input data
(target brightness). That is, when the ratios of the display
times of first/latter subframes are 50% and 50% and the
transition time of the output brightness is 0, and the target
output brightness is 10%, then 20% brightness is outputted
for the first subframe and 0% brightness is outputted for the
latter subframe, so that the output brightness is (20+0)/
2=10%. When the transition time has a finite value, (20+c) %
brightness is outputted for the first subframe and 0% bright-
ness is outputted for the latter subframe.

[0053] With this ruling scheme, the latter subframe is 0%
brightness (black) when the target output brightness of the
input data is less than 50%, and the output brightness of the
first subframe is high. However, when the target output
brightness of the input data is above 50%, the latter subframe
is 100% brightness (white) and the output brightness of the
first subframe is low. The description above has been made
assuming that the first subframe and the latter subframe have
display times at equal ratios, but the ratios may be varied, for
example as the first 35% and the latter 65%.

[0054]
[0055] Now, the operation of the timing controller 4 will be
described referring to FIG. 12 illustrating the data flow for the
timing controller 4 shown in FIG. 9. FIG. 12 shows a flow
about input data at multiple addresses, but the data at address
m-1 and the data at address m will be described here. For

<Operation>
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example, m represents an input signal for the mth horizontal
line, and it has a relation of n<m with respect to the nth line
described later.

[0056] The input data at address m-1 inputted to the data
converter 11 is divided into first subframe data and latter
subframe data (Step S1).

[0057] Then, the latter subframe data is serial-parallel con-
verted in the data serial-parallel converter 12 (Step S2), and
given to a line memory A' in the line memory group 14 (Step
S4).

[0058] On the other hand, the first subframe data is given to
the line memory group 13 (Step S3), and given to the over-
drive operation circuit 16 after a given delay, where it is
subjected to overdrive operation (Step S9).

[0059] Thelatter subframe data given to the line memory A'
in the line memory group 14 is stored at address m-1 in the
frame memory 5 (Step S5).

[0060] On the other hand, the latter subframe data for the
(n-1)th line, which is already stored at a different address n-1
in the frame memory 5, is read (Step S6) and given to a line
memory B'in the line memory group 14 (Step S7). When the
first subframe and the latter subframe have display periods at
equal ratios, the address n-1 to be read at this time is an
address that precedes the address m-1 by about (one frame
period/one horizontal period)/2. For example, when one
frame period includes 800 horizontal periods and the address
m-1 is 600, then the address n-1 is 200.

[0061] This operation is performed because, when one
frame period is divided into first and latter subframes and the
latter subframe is used as a blanking (black frame insertion)
period, and when the writing of the latter subframe is started
after the first subframe has been written, then it is not practical
since, in one frame period, the blanking period requires lines
of the same number as or a larger number than the number of
write lines.

[0062] The same operation is performed also when the first
subframe and the latter subframe have different display
period ratios, in which case the coefficient is not /2 (0.5) but
it is the display period ratio (1>) of the first subframe.
[0063] Thelatter subframe data for theaddress n-1 given to
the line memory B' in the line memory group 14 undergoes a
given delay, and outputted to the data parallel-serial converter
15 and parallel-serial converted (Step S8) from 2-bit data into
serial data of a given bit width, and then it becomes output
data after the first subframe data for the address m-1 output-
ted from the overdrive operation circuit 16.

[0064] When the first subframe data for the address m-1 is
inputted to the overdrive operation circuit 16 in Step S9, the
target gray level in one frame can be certainly achieved by
inputting the latter subframe data of the previous frame into
the overdrive operation circuit 16 as comparative data, mak-
ing it possible to certainly obtain the effect of overdriving.

[0065] Accordingly, in the flow for processing the input
data for the address m-1 (not explained here), the latter sub-
frame data of the previous frame, which is stored at the
address m-1 in the frame memory 5, is read and written into
aline memory C" in the line memory group 14, and subjected
to parallel-serial conversion in the data parallel-serial con-
verter 15, and inputted to the overdrive operation circuit 16 in
Step S9, with timing matched with the first subframe data for
the address m—-1 ofthe present frame. The overdrive operation
circuit 16 outputs the overdrive-operated first subframe data
D1 for the address m-1.
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[0066] 1In the flow for processing the input data of address
m, this operation corresponds to: the process of reading the
latter subframe data of the previous frame stored at the
address m in the frame memory 5 (Step S10); the process of
writing the read data into the line memory C' in the line
memory group 14 (Step S11); the process of applying paral-
lel-serial conversion in the data parallel-serial converter 15
(Step S8); and the process of inputting the latter subframe
data of the address m of the previous frame into the overdrive
operation circuit 16 in Step S29 with timing matched with the
first subframe data of the address m of the present frame (Step
S29).

[0067] Accordingly, the amount of delay of the line
memory group 13 and the amount of delay of the line memory
group 14 are set such that the first subframe data of the present
frame and the latter subframe data of the same address of the
previous frame are inputted to the overdrive operation circuit
16 in a matched phase.

[0068] Inthe description above, the latter subframe data of
the previous frame read from the frame memory 5 undergoes
parallel-serial conversion in the data parallel-serial converter
15, and this is an operation that is made so that the overdrive
operation circuit 16 having a conventional configuration can
be used. The latter subframe data of the previous frame, i.e.
four pieces of data of white, black, close to white, and close to
black, are restored to a given bit width before they are given
to the overdrive operation circuit 16, so that the overdrive
operation circuit 16 does not have to perform data change
from halftone data to halftone data, and what is needed is only
the calculation from the four pieces of data of white, black,
close-to-white, and close-to-black into halftone data, requir-
ing no need to enlarge the circuit scale.

[0069] In FIG. 12, the operations in Steps S21 to S31 are
basically the same as those in Steps S1 to S11. However, the
flow for processing the input data of the address m processes
the address m for the address m-1 of the present frame, the
address n for the address n-1, and the address m for the
address m-1 of the previous frame, and the overdrive opera-
tion circuit 16 outputs overdrive-operated first subframe data
D10 of the address m. Also, line memories A, B and C are
used for the line memories A' to C' in the line memory group
14.

[0070] Thus, the first subframe data and the latter subframe
data are outputted in one horizontal period, and so it is nec-
essary to control the ON periods of the gate electrodes of the
liquid crystal panel 8 shown in FIG. 8. That is, when the
display petiods of the first subframe data and the latter sub-
frame data are at equal ratios, a gate start pulse (STV) is given
to the first line and an intermediate line in one frame. How-
ever, then the gate ON periods are generated in two places in
one frame, and so control is performed so that a gate ON
period is generated only in one place in one frame, by using
the output enable function (OFFEV) of the gate driver IC.
That is, if the gate lines are simultaneously ON in two places,
the latter subframe data is written after the first subframe data
has been written, and as a result the latter subframe data is
written into gate lines in two places. Accordingly, which one
of the gate lines in two places is to be turned on is selected,
separately for the period in which the first subframe data is
outputted and the period in which the latter subframe data is
outputted.
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[0071] <Effects>

[0072] As described so far, the liquid crystal display of the
first preferred embodiment of the present invention makes
setting such that an average of integrated values of the output
brightness of the first subframe and the output brightness of
the latter subframe is equal to the target brightness of the input
data, and uses four pieces of data including maximum output
brightness data, minimum output brightness data, and arbi-
trary data respectively close to them as the latter subframe
data, whereby the image blur in displaying moving images
can be suppressed in a liquid crystal display adopting a hold-
type display scheme.

[0073] FIG. 13 illustrates the variation of brightness on one
horizontal line in the screen with the passage of time that is
exhibited when only white and black are used as latter sub-
frame data, and F1G. 14 illustrates the variation of brightness
on one horizontal line in the screen with the passage of time
that is exhibited when arbitrary brightness data pieces respec-
tively close to the maximum output brightness data and the
minimum output brightness data are used as latter subframe
data.

[0074] In (a) and (b) portions of FIG. 13 and FIG. 14, the
horizontal axis shows the state of brightness in the horizontal
direction on the screen, and the vertical axis shows the pas-
sage of time, where one frame period T1 is divided into two
subframe periods T11 and T12. Also, (c) portions of FIG. 13
and FIG. 14 show the distributions of brightness of the object
viewed by a viewer viewing the moving object.

[0075] InFIG. 13, thelatter subframes display white for the
display of black of the background in the first subframes, and
the latter subframes display black for the arbitrary brightness
displayed for the moving object in the first subframes. In this
case, as shown in (c) portion of FIG. 13, gradations occur at
the contours of the moving object, and the state of blur in the
direction of movement of the moving object and the state of
blur in the opposite direction differ from each other. Also, the
gradations include a portion that is too dark (dark line) and a
portion that is too bright (bright line). This shows a result of
processing based on the method disclosed in Patent Docu-
ment 2 as shown in FIG. 5.

[0076] On the other hand, in FIG. 14, arbitrary brightness
data close to the minimum output brightness is used in the
latter subframes for the background of the first subframes,
and arbitrary brightness data close to the maximum output
brightness is used in the latter subframes for the black display
of the moving object in the first subframes. In this case, as
shown in (¢) portion of FIG. 14, gradations occur at the
contours of the moving object, but there is no significant
difference between the state of blur in the direction of move-
ment of the moving object and the state of blur in the opposite
direction, with no dark line and no bright line.

[0077] Also, the reduction of brightness in the entire screen
is suppressed by the use of arbitrary brightness data respec-
tively close to the maximum output brightness data and the
minimum output brightness data as latter subframe data,
together with the maximum output brightness data and the
minimum output brightness data.

[0078] Accordingly, there is no need to increase the back-
light brightness to deal with the reduction of brightness, and
so the power consumption is not increased and the black
brightness is not increased.

[0079] Also, the conventional configuration can be used to
obtain the effects above without a need to add special con-
figuration to the liquid crystal display, and so the circuit scale
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is not enlarged. Also, there is no need for increased frame
memory capacity and higher-speed communication with the
frame memory, and so no cost increase is needed.

[0080] Also, the first subframe data is subjected to over-
drive operation through the overdrive operation circuit 16,
making it possible to compensate for the lack of liquid crystal
response characteristic when the gray level varies from white/
black data to halftone data.

[0081] <First Modification>

[0082] The above-described configuration of the liquid
crystal display of the first preferred embodiment may addi-
tionally have a configuration that creates latter subframe data
by predicting motion from the latter subframe data of the
previous frame, instead of creating it only with the input data
of the present frame.

[0083] That is, as described with FIGS. 6 and 7, when the
gray level of the latter subframe data varies from a gray level
of a minimum extreme value to a gray level of a maximum
extreme value, or when the gray level varies in the opposite
direction, a dark line and a bright line occur at the contours of
the gray level variation. The occurrence of dark and bright
lines canbe suppressed by creating the latter subframe data by
predicting motion from the latter subframe data of the previ-
ous frame, so that the latter subframe data can follow the
moving object.

[0084] FIG. 15 illustrates the variation of brightness on one
horizontal line in the screen with the passage of time that is
exhibited when this scheme is adopted. In (a) and (b) portions
of FIG. 15, the horizontal axis shows the state of brightness in
the horizontal direction on the screen, and the vertical axis
shows the passage of time, where one frame period T1 is
divided into two subframe periods T11 and T12. Also, (c)
portion of FIG. 15 shows the distribution of brightness of an
object that is viewed by a viewer viewing a moving object.
[0085] As shown in (a) portion of FIG. 15, arbitrary bright-
ness is displayed for the moving object in the first subframes
and black is displayed in the latter subframes, and the moving
object in the latter subframes somewhat leads ahead of the
object in the first subframes, because the later subframes are
created by predicting motion from the latter subframe data of
the previous frames. Accordingly, as shown in (b) portion of
FIG. 15, the viewer sees no shift of the position of the object
in the first subframes and the latter subframes. As a result, as
shown in (c) portion of FIG. 15, gradations occur at the
contours of the moving object but the state of blur in the
direction of movement of the moving object and the state of
blur in the opposite direction do not significantly differ, with
no dark line and no bright line.

[0086] A motion prediction circuit for the motion predic-
tion can be provided such that it precedes the data parallel-
serial converter 15 shown in FIG. 9, for example, and latter
subframe data of the previous frame read from the frame
memory 5 is given to the motion prediction circuit as shown
in Step S10 of FIG. 12, for example.

[0087] In this case, the motion predicting processing can
also be performed with 2-bit data, without the need for pro-
cessing with the gray-level bits of the input data, and so the
circuit scale of the motion prediction circuit can be small.
[0088] <Second Modification>

[0089] The above-described liquid crystal display of the
first preferred embodiment is provided with the overdrive
operation circuit 16 to compensate for the lack of liquid
crystal response characteristic when the gray level varies
from white/black data to halftone data, but the overdrive
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operation circuit 16 may be omitted when the liquid crystal
panel has such a high-speed response characteristic that the
liquid crystal response converges within subframes.

[0090] While the invention has been described in detail, the
foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifications
and variations can be devised without departing from the
scope of the invention.

What is claimed is:

1. A liquid crystal display comprising a liquid crystal
panel, a controller that controls display in said liquid crystal
panel on the basis of input frame data, and a frame memory
that stores, frame by frame, data displayed in said liquid
crystal panel,

wherein said controller conprises

a data converter that divides said input frame data into first

subframe data and latter subframe data, and that makes
settings such that an average of integrated values of
output brightness of said first subframe and output
brightness of said latter subframe is equal to a target
brightness of said input data, and

a data serial-parallel converter that serial-parallel converts

said latter subframe data,

and wherein said latter subframe data is created in said data

converter to include four pieces of data including maxi-
mum output brightness data, minimum output bright-
ness data, and arbitrary first and second brightness data
that are respectively close to said maximum output
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brightness data and said minimum output brightness
data, and said latter subframe data is stored in said frame
memory, and

said first subframe data is used to control the display in said

liquid crystal panel together with latter subframe data
that is stored in said frame memory for one horizontal
line that precedes currently-processed one horizontal
line by a predetermined number of lines.

2. The liquid crystal display according to claim 1, wherein
said controller further comprises an overdrive operation cir-
cuit that applies overdrive operation to said first subframe
data, and said first subframe data after overdrive-operated is
used to control the display in said liquid crystal panel.

3. The liquid crystal display according to claim 1, wherein
said maximum output brightness data, said minimum output
brightness data, and said first and second brightness data that
are included in said latter subframe data are stored in said
frame memory as 2-bit data.

4. The liquid crystal display according to claim 1,

wherein said predetermined number of lines is set by mul-

tiplying one frame period/one horizontal period by a
predetermined coefficient, and

said predetermined coefficient corresponds to a ratio of a

display period of said first subframe.

5. The liquid crystal display according to claim 2, wherein
said overdrive operation circuit performs the overdrive opera-
tion also with latter subframe data for a same one horizontal
line of a previous frame that is stored in said frame memory.

* ok ok k¥
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