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A liquid crystal display device comprises a plurality of
display pixels PX each including sub-pixels weighted in a
preset area ratio and a driving circuit which drives the
display pixels. Particularly, the driving circuit is configured
to determine the gradation of each display pixel PX by
selectively combining the sub-pixels with driving periods
weighted in a preset time ratio.
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FLAT-PANEL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2001-375004, filed Sep. 29, 2001, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a flat-panel display device
having an array of display pixels forming a display screen
and more particularly to a flat-panel display device in which
each display pixel is divided into a plurality of sub-pixels for
multi-gradation display.

[0004] 2. Description of the Related Art

[0005] Flat-panel display devices which are represented
by liquid crystal display devices are widely used in personal
computers, TV, game machines, etc., because of their char-
acteristics of thinness, lightness, and low power consump-
tion.

[0006] For example, a typical liquid crystal display device
includes a plurality of display pixels arrayed in a matrix
form, a plurality of scanning lines disposed along rows of
the display pixels, a plurality of signal lines disposed along
columns of the display pixels, and a plurality of pixel
switches which are disposed in positions near the intersec-
tions of the signal lines and the scanning lines and each of
which causes a video signal to be supplied to a correspond-
ing one of the display pixels via a corresponding signal line
when it is driven via a corresponding scanning line. Each
display pixel includes a pixel electrode, a counter electrode
and a liquid crystal layer held between the above electrodes
as a display element and sets the light transmittance of the
liquid crystal layer according to potential difference between
the pixel electrode and the counter electrode which depends
on the video signal.

[0007] Recently, a liquid crystal display device containing
a one-bit static memory in each display pixel to attain low
power consumption is put into practice, but with this struc-
ture, the display device can only display a monotone image
such as a white or black image and cannot display a
multi-gradation image.

[0008] Therefore, a study is made to display a multigra-
dation image by dividing each display pixel into a plurality
of sub-pixels, which are weighted according to a preset area
ratio and providing memories in the respective sub-pixels.

[0009] For example, if it is desired to attain display of 32
gradations by use of five bits, it is necessary to divide the
display pixel into sub-pixels weighted in an area ratio of
1:2:4:8:16. However, in this case, the minimum sub-pixel
becomes several pwm square and the layout thereof is
extremely difficult when taking the accuracy of the produc-
ing process into consideration.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention has been made in order to
solve the above technical problem and an object of the
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present invention is to provide a flat-panel display device
which can attain a desired number of gradations with a
reduced number of sub-pixels.

[0011] An aspect of the invention, there is provided a
flat-panel display device which comprises a plurality of
display pixels each including sub-pixels weighted in a preset
area ratio, and a driving circuit which drives the display
pixels, wherein the driving circuit is configured to determine
a gradation of each display pixel by selectively combining
the sub-pixels with driving periods weighted in a preset time
ratio.

[0012] In the flat-panel display device, the sub-pixels
weighted in a preset area ratio and the driving periods
weighted in a preset time ratio are selectively combined to
determine a gradation of each display pixel. In this case,
since each display pixel has gradations depending on the
product of the number of sub-pixels and the number of
driving periods, the number of sub-pixels required for attain-
ing a desired number of gradations can be reduced. As a
result, the area of the smallest sub-pixel can be made large
to remove restrictions due to the accuracy of the producing
process.

[0013] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0014] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate an
embodiment of the invention, and together with the general
description given above and the detailed description of the
embodiment given below, serve to explain the principles of
the invention.

[0015] FIG. 1 is a diagram showing the schematic con-
figuration of a liquid crystal display device according to one
embodiment of this invention;

[0016] FIG. 2 is a diagram showing the configuration of
a graphic control section provided in a liquid crystal con-
troller shown in FIG. 1;

[0017] FIG. 3 is a diagram showing the configuration of
a signal line driving circuit shown in FIG. 1,

[0018] FIG. 4 is a diagram showing the configuration of
a video data transfer circuit incorporated in each display
pixel shown in FIG. 1;

[0019] FIG. 5 is a waveform diagram for illustrating the
operation of the video data transfer circuit shown in FIG. 4;

[0020] FIG. 6 is a diagram schematically showing the
relation between the transmittances and combinations of
PWM pulse widths and area-dependent gradations in the
display pixel shown in FIG. 4;

[0021] FIG. 7 is a diagram showing a modification of the
video data transfer circuit shown in FIG. 4; and
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[0022] FIG. 8 is a waveform diagram for illustrating the
operation of the video data transfer circuit in FIG. 7.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] There will now be described a liquid crystal display
device according to one embodiment of this invention with
reference to the accompanying drawings.

[0024] FIG. 1 shows the schematic configuration of the
liquid crystal display device. The liquid crystal display
device includes a liquid crystal display panel 1 and a liquid
crystal controller 2 which controls the liquid crystal display
panel 1. For example, the liquid crystal display panel 1 has
a structure in which a liquid crystal layer LQ is held between
an array substrate AR and a counter substrate CT, and the
liquid crystal controller 2 is arranged on a driving circuit
board which is independent from the liquid crystal display
panel 1.

[0025] The liquid crystal display panel 1 comprises a
plurality of display pixels PX arranged in a matrix form to
configure a display screen DS, a plurality of scanning lines
Y (Y1 to Ym) disposed along rows of the display pixels PX,
a plurality of signal line pairs X (XAl, XB1 to XAn, XBn)
disposed along columns of the display pixels PX, and a
plurality of pixel switching sections disposed near the inter-
sections of the signal lines X and scanning lines Y. Each of
the pixel switching sections includes a pair of pixel switches
G1 and G2 which electrically connect corresponding paired
signal lines X to a corresponding one of the display pixels
PX when the paired pixel switches G1 and G2 are driven via
a corresponding scanning line Y. The liquid crystal display
panel 1 additionally comprises a scanning line driving
circuit 3 which drives the scanning lines Y1 to Ym and a
signal line driving circuit 4 which drives the paired signal
lines XAl, XB1 to XAn, XBn. Each display pixel PX is a
display element formed of a pixel electrode formed on the
array substrate AR, a counter electrode formed on the
counter substrate CT and a liquid crystal layer LQ located
between the pixel and counter electrodes to set the light
transmittance of the liquid crystal layer according to a
difference between the potentials of the pixel electrode and
counter electrode. More specifically, the pixel electrode of
each display pixel PX is divided, for example, into three
sub-pixels PE1, PE2, and PE3 weighted in an area ratio of
1:2: 4 shown in FIG. 4. In this case, the gradation ratio of
1:4:16 can be attained.

[0026] The liquid crystal controller 2 receives a 5-bit
digital video signal and sync signal supplied, for example,
from the exterior, converts the digital video signal into 3-bit
PWM (pulse Width Modulation) data DATA1 and 3-bit
area-dependent gradation data DATA2 and generates clock
signals CLK, CL1, and CL2, vertical scanning control signal
YCT and horizontal scanning control signal XCT which are
synchronized with the sync signal.

[0027] The scanning line driving circuit 3 is controlled by
the vertical scanning control signal YCT so as to sequen-
tially supply a scanning signal to the scanning lines Y1 to
Ym for each vertical scanning (frame) period. The signal
line driving circuit 4 is controlled by the horizontal scanning
control signal XCT so as to serial-parallel convert the PWM
data DATA1 and supply the resultant data to the signal lines
XAl to XAn and serial-parallel convert the area-dependent
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gradation data DATA2 and supply the resultant data to the
signal lines XB1 to XBn in each horizontal scanning period
(1H) in which each scanning line Y is driven by the scanning
signal.

[0028] FIG. 2 shows the configuration of a graphic control
section provided in the liquid crystal controller 2. The
graphic control section includes a frame memory 10 which
stores 5-bit video signals for one frame, a data converting
section 11 which sequentially reads out the video signals
stored in the frame memory 10 and converts the video signal
into 3-bit PWM data DATA1 and 3-bit area-dependent
gradation data DATA2, a latch circuit 12 which latches the
PWM data DATAL1 obtained from the data converting sec-
tion 11, and a latch circuit 13 which latches the arca-
dependent gradation data DATA2 obtained from the data
converting section 11. The 3-bit PWM data DATA1 is data
which selects pulse widths weighted in a time ratio of 1:2:4,
for example, with respect to driving pulses for the sub-pixels
PE1, PE2, and PE3. The 3-bit area-dependent gradation data
DATA?2 is data which selects the sub-pixels PE1, PE2, and
PE3. The number of bits of the PWM data DATA1 and
area-dependent gradation data DATA2 is six in total so as to
express 64 gradations greater in number than 32 gradations
expressed by a 5-bit video signal. The data converting
section 11 has a mapping table which assigns each video
signal to a combination of the PWM data DATA1 and
area-dependent gradation data DATA2 and converts the
video signal into the PWM data DATA1 and area-dependent
gradation data DATA2 with reference to the table. The PWM
data DATA1 and area-dependent gradation data DATA2 are
supplied to the signal line driving circuit 4.

[0029] FIG. 3 schematically shows the configuration of
the signal line driving circuit 4. The signal line driving
circuit 4 includes a latch circuit 15 which latches PWM data
DATAL1, a latch circuit 16 which latches area-dependent
gradation data DATA2, a shift register 17 which shifts the
PWM data DATAI1 from the latch circuit 15 in synchronism
with a clock signal CLK and assigns the same to the signal
lines XAl, XA2, XA3, ..., and a shift register 18 which
shifts the area-dependent gradation data DATA2 from the
latch circuit 16 in synchronism with the clock signal CLK
and assigns the same to the signal lines XB1, XB2, XB3,
The signal lines XA1, XA2, XA3, sequentially receive 3-bit
PWM data DATAL1 bit by bit from the shift register 17 and
the signal lines XB1, XB2, XB3, . . ., sequentially receive
3-bit area-dependent gradation data DATA2 bit by bit from
the shift register 18.

[0030] FIG. 4 shows the configuration of a video data
transfer circuit incorporated in each display pixel PX. The
display pixel PX includes a shift register 20 for PWM data,
a shift register 21 for area-dependent gradation data, invert-
ers 22 and 23, and switch elements 24 to 31. The shift
register 20 is connected to receive PWM data DATA1
serially supplied via the pixel switch G1, and the shift
register 21 is connected to receive area-dependent gradation
data DATA2 via the pixel switch G2. The switch elements 24
and 25 are connected to receive a scanning signal from the
scanning line Y and supply a clock signal CLK1 to the shift
registers 21 and 20 while the above scanning signal is being
supplied to the scanning line Y. The switch element 26 is
connected to receive a signal obtained by inverting a scan-
ning signal from the scanning line Y by use of the inverter
23 and supply a clock signal CLLK2 to the shift register 20
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while the scanning signal is not being supplied to the
scanning line Y. The switch elements 27 and 28 are con-
nected to receive a signal obtained by inverting a scanning
signal from the scanning line Y by use of the inverter 22. The
switch element 27 outputs PWM data DATA1 from the shift
register 20 while the scanning signal is not being supplied to
the scanning line Y, and the switch element 28 feeds back the
PWM data DATALI output via the switch element 27 to the
input terminal of the shift register 20. The sub-pixels PE1,
PE2, and PE3 are connected to the switch element 27 via the
respective switch elements 29, 30, and 31. The switch
elements 29, 30, and 31 are controlled by the shift register
21.

[0031] Next, the operation of the video data transfer circuit
in the display pixel PX is explained. One horizontal scan-
ning period in which the scanning signal is supplied to the
scanning line Y is used as a data write period during which
PWM data DATA1 and area-dependent gradation data
DATA2 are written into the shift registers 20 and 21 and the
remaining portion of one frame period is used as a data
holding period during which the sub-pixels PE1, PE2, and
PE3 are driven by the PWM data DATA1 and area-depen-
dent gradation data DATA2. In the data write period, the
PWM data DATA1 and area-dependent gradation data
DATA2 are serially supplied to the shift registers 20 and 21.
The shift register 20 sequentially shifts and holds the PWM
data DATA1 in synchronism with the clock signal CLK1
supplied via the switch element 25 shown in FIG. 4. In the
same manner as described above, the shift register 21
sequentially shifts and holds the area-dependent gradation
data DATA2 in synchronism with the clock signal CLK1
supplied via the switch element 24. Since the switch ele-
ments 27 and 28 are maintained in the nonconductive state
in the data write period, the sub-pixels PE1, PE2, and PE3
are not driven.

[0032] In the data holding period following on the data
write period, the switch elements 24 and 25 are set into the
nonconductive state and the switch elements 26, 27, and 28
are set into the conductive state. The switch element 26
supplies to the shift register 20 the clock signal CLK2
having a pulse width ratio of 1:2:4 as shown in FIG. 5. The
shift register 20 shifts the PWM data DATA1 in synchronism
with the clock signal CLK2. As a result, each bit of the PWM
data DATAL is continuously output via the switch element
27 for a length of time determined by the pulse width of the
clock signal CLK2 and applied to the sub-pixel PE1, PE2, or
PE3 via the switch element 29, 30, or 31 which is selected
by the control of the shift register 21. Further, since the
switch element 28 feeds back the PWM data DATAL to the
input terminal of the shift register 20 while the pulse of the
clock signal CLLK2 is periodically supplied, the sub-pixels
PE1, PE2, and PE3 are continuously driven.

[0033] FIG. 6 schematically shows the relation between
the transmittances and combinations of PWM pulse widths
and area-dependent gradations. The transmittance of each
display pixel PX is determined by the product of the PWM
pulse width and the area-dependent gradation. In FIG. 6, the
conversion is made to set the maximum transmittance to “1”.
There are 64 combinations of the PWM pulse widths and
area-dependent gradations, but since some gradations hav-
ing the same values as shown by black dots in FIG. 6 are
provided, the actual number of gradations is approximately
45. For the gradation having the same value, it is preferable
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to preferentially use the PWM pulse width. Further, it is
impossible to use portions near the maximum and minimum
gradations when taking the characteristic of the liquid crys-
tal material into consideration. The gradations thus left
behind are selected as 32 gradations expressed by a 5-bit
video signal. The above mapping table holds the PWM data
DATA1 and area-dependent gradation data DATA2 corre-
sponding to the PWM pulse widths and area-dependent
gradations respectively assigned to the selected gradations.

[0034] In the above liquid crystal display device, the
gradation of each display pixel PX is determined by selec-
tively combining the sub-pixels PE1, PE2, and PE3
weighted in a preset area ratio with the driving periods
weighted in a preset pulse width ratio. In this case, since
each display pixel PX has gradations of a number depending
on the product of the number of sub-pixels and the number
of driving periods, the number of sub-pixels required for
attaining a desired number of gradations can be reduced.
Therefore, the area of the smallest sub-pixel can be made
large to remove restrictions due to the processing accuracy.

[0035] The present invention is not limited to the above
embodiment and can be variously modified without depart-
ing from the scope thereof.

[0036] For example, the video data transfer circuit incor-
porated in each display pixel PX may be modified as shown
in FIG. 7. That is, the shift register 21 is connected to
receive the PWM data DATAL1 supplied bit by bit from the
shift register 20, instead of the area-dependent gradation
data DATA2 supplied via the pixel switch G2. In this
modification, the clock signal CLK1 is produced as shown
in FIG. 8.

[0037] 1In the data write period, the PWM data DATAL is
serially supplied to the shift register 20, and data from the
shift register 20 is serially supplied to the shift register 21.
The shift register 20 sequentially shifts and holds the PWM
data DATAL1 in synchronism with the clock signal CLK1
supplied via the switch element 25. The shift register 21
sequentially shifts and holds the data from the shift register
20 in synchronism with the clock signal CLK1 supplied via
the switch element 24. Since the switch elements 27 and 28
are maintained in the nonconductive state in the data write
period, the sub-pixels PE1, PE2, and PE3 are not driven.

[0038] In the data holding period following on the data
write period, the switch elements 24 and 25 are set into the
nonconductive state and the switch elements 26, 27, and 28
are set into the conductive state. The switch element 26
supplies to the shift register 20 the clock signal CLK2
having a pulse width ratio of 1:2:4 as shown in FIG. 8. The
shift register 20 shifts the PWM data DATAL1 in synchronism
with the clock signal CLK2. As a result, each bit of the PWM
data DATAL1 is continuously output via the switch element
27 for a length of time determined by the pulse width of the
clock signal CLK2 and applied to the sub-pixel PE1, PE2, or
PE3 via the switch element 29, 30, or 31 which is selected
by the control of the shift register 21. Further, since the
switch element 28 feeds back the PWM data DATAL to the
input terminal of the shift register 20 while the pulse of the
clock signal CLK2 is periodically supplied, the sub-pixels
PE1, PE2, and PE3 are continuously driven.

[0039] Even if the circuit configuration is simplified as
described above, the gradation of each display pixel PX is
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also determined by selectively combining the sub-pixels
PE1, PE2, and PE3 weighted in a preset area ratio with the
driving periods weighted in a preset pulse width ratio.
Therefore, the effects set forth in the embodiment can be
obtained in this modification.

[0040] As another example, when a gamma value of the
display gradation is adjusted, the ratio of pulse widths is
varied.

[0041] Further, it is preferable to divide wirings used for
supplying driving pulses of the pulse-width modulation into
blocks in the scanning direction and signal line direction and
supply the driving pulses at adequate time intervals. In this
case, the supply interval is 20 kHz to 10 kHz.

[0042] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A flat-panel display device comprising:

a plurality of display pixels each including sub-pixels
weighted in a preset area ratio; and

a driving circuit which drives said display pixels;

wherein said driving circuit is configured to determine the

gradation of each display pixel by selectively combin-

ing the sub-pixels with driving periods weighted in a
preset time ratio.

2. The flat-panel display device according to claim 1,

wherein said driving circuit includes a video data transfer

circuit incorporated in each display pixels, and a control
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circuit which controls transfer of video data from the video
transfer circuit to the sub-pixels by use of a variable transfer
signal.

3. The flat-panel display device according to claim 2,
wherein the transfer signal is variable to lengths longer than
a signal supply period for the video data.

4. The flat-panel display device according to claim 2,
wherein the transfer signal is variable to a length corre-
sponding to a constant multiple of the signal supply period
for the video data.

5. The flat-panel display device according to claim 2,
wherein said control circuit includes a scanning signal
generating section which generates a scanning signal used to
sequentially select the display pixels for every preset num-
ber of pixels, and said video data transfer circuit is config-
ured to sequentially transfer the video data while the scan-
ning signal is not being supplied.

6. The flat-panel display device according to claim 1,
wherein said driving circuit includes a conversion circuit
which converts a video signal into one of combinations of
the sub-pixels and pulse widths of the transfer signal set in
a ratio identical to an area ratio of the sub-pixels to deter-
mine the gradation of each display pixel.

7. The flat-panel display device according to claim 6,
wherein the gradation ratio obtained based on the area ratio
of the sub-pixels corresponds to a constant multiple of the
pulse width ratio of the transfer signal.

8. The flat-panel display device according to claim 6,
wherein the pulse width ratio of the transfer signal is varied
to make a gamma correction for the display gradation.

9. The flat-panel display device according to claim 1,
wherein said display pixels are divided into a plurality of
blocks in a preset direction and the transfer signal is supplied
for each block.
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