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v 2

(52) US.CL oo 345/691; 345/88
(57) ABSTRACT

Aliquid crystal display device (101) including a liquid crystal
panel (4) and an LED backlight (5) which is provided with a
plurality of LEDs (5R, 5G, and 5B) that emit light of different
colors from a backside of the liquid crystal panel (4), the
liquid crystal display device (1), in accordance with a video
signal supplied thereto, (i) displaying a color image by con-
trolling an aperture ratio of the liquid crystal panel (4) and
luminances of the respective plurality of LEDs (5R, 5G, and
5B), and (ii) controlling the luminances of the respective
plurality of LEDs (SR, 5G, and 5B) by pulse width modula-
tion, the liquid crystal display device (101) includes: period
dividing means (15) for dividing a frame of a video signal into
a plurality of periods; and a pulse width modulating section
(20) which generates a pulse signal for causing each of the
plurality of LEDs (5R, 5G, and 5B) to emit light so that for
each of the plurality of periods into which the period dividing
means (15) has divided the frame, the plurality of LEDs (5R,
5@, and 5B) emit light while overlapping with each other.
According to this, a deterioration in display quality is pre-
vented by reducing a variation between a luminance ratio set
in accordance with each frame and a luminance ratio of light
transmitted through a liquid crystal panel.
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FIG. 3
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FIG. 7
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FIG. 9
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FIG. 13
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FIG. 15
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LIQUID CRYSTAL DISPLAY DEVICE AND
LIQUID CRYSTAL DISPLAY METHOD

REFERENCE TO RELATED APPLICATTIONS

[0001] This application is a national stage application
under 35 USC 371 of International Application No. PCT/
JP2010/072399, filed Dec. 13, 2010, which claims the prior-
ity of Japanese Patent Application No. 2010-079575, filed
Mar. 30, 2010, the entire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] Thepresentinventionrelates mainly to aliquid crys-
tal display device employing a field sequential method.

BACKGROUND OF THE INVENTION

[0003] In general, many of color display devices such as a
television receiver and a computer monitor as an image dis-
play device which is capable of color displaying, displays an
image by a color mixing method called an additive color
mixture, using three primary colors, i.e., red, green and blue.
[0004] Currently, acommon color display device uses color
filters which are colored in R (red), G (green), and B (blue), so
as to perform a color display.

[0005] Meanwhile, a color display device has been pro-
posed which performs a color display without using such
color filters. Such a color display device is exemplified by a
color display device employing a field sequential color
method which causes red, green, and blue backlights to emit
right sequentially.

[0006] The color display device employing the field
sequential method divides one (1) frame into three sub frames
corresponding to R, G, and B and causes the red, green and
blue backlights to emit light sequentially, so as to perform a
color display.

[0007] However, such a color display device causes the
following problem: Merely simple division of one (1) frame
into three frames corresponding to respective R, G, and B
image signals is insufficient for a proper mixture of R, G, and
B inone (1) frame depending on an image. This causes color
breakup (CB) and consequently causes a deterioration in
display quality.

[0008] Patent Literature 1 discloses a method for reducing
CB (see FI1G. 13). According to the method, instead of simply
dividing a frame into three sub frames corresponding to
respective R, G, and B image signals, one (1) TV field period
is divided into three sub fields. In one of the three sub frames,
all the G image signals are displayed, whereas as many R and
B image signals as possible are displayed. In the other two sub
frames, the remaining R and B image signals which have not
been displayed in the first sub frame are displayed.

[0009] Patent Literature 2 discloses a method for perform-
ing a full-color display (see FIG. 14). According to the
method, a liquid crystal state is controlled in accordance with
a gradation corresponding to each color, i.e., red, green and
blue, and a LED (Light Emitting Diode) backlight is sub-
jected to PWM (Pulse Width Modulation) control to emit
light while being temporally switched between red, green,
and blue. Then, red, blue, and green video images are dis-
played sequentially, so that these video images are temporally
mixed.

[0010] According to the method shown in FIG. 14, light
emitting luminances of respective three primary colors (R

Dec. 13, 2012

(red), G (green), and B (blue)) of a LED backlight are con-
trolled by controlling light emitting time by PWM control
which is high in linearity.

[0011] Japanese Patent Application Publication, Tokukai,
No. 2009-134156 (Publication Date: Jun. 18, 2009)

[0012] Japanese Patent Application Publication, Tokukai,
No. 2008-20549 (Publication Date: Jan. 31, 2008)

SUMMARY OF THE INVENTION

[0013] However, a ratio among light emitting luminances
of light transmitted through a liquid crystal display is fre-
quently different from a predetermined ratio among three
primary colors which is adjusted by PWM control.

[0014] FIG. 15 shows that a luminance of light transmitted
through a liquid crystal panel varies in accordance with
responsiveness of a liquid crystal.

[0015] An aperture ratio of a liquid crystal varies even in an
identical frame due to responsiveness of a liquid crystal (see
FIG. 15). Therefore, even if a LED backlight emits an iden-
tical amount of light for an identical period of time, TIMING
1 and TIMING 2 differ in light emitting luminance obtained
when light is transmitted through a liquid crystal.

[0016] Therefore, in a case where the TIMING 1 and the
TIMING 2 differ in light emitting period of each of R, G and,
B of the LED backlight and data of each first frame and data
of each second frame following the each first frame are dif-
ferent from each other, a ratio among light emitting lumi-
nances of the respective colors of the LED backlight is dif-
ferent from a predetermined ratio in each frame (see FIG. 15).
[0017] According to the display method disclosed in Patent
Literature 1 (see FIG. 13), timings at which a backlight emits
light in a frame is specified. In the first sub field, the backlight
emits light of the respective colors at different timings,
whereas the backlight finishes emitting light of the respective
colors at an identical timing. In this case, a difference in
aperture ratio of a liquid crystal in a frame may cause a light
emitting luminance to be different from a predetermined light
emitting luminance.

[0018] According to the method disclosed in Patent Litera-
ture 2, R, G, and B light sources emit light sequentially in one
(1) frame. Therefore, the method cannot solve the problem of
CB (described earlier). Namely, in some frames, a problem
occurs such that insufficient mixing of R, G, and B causes CB
and consequently causes a deterioration in display quality.
[0019] The present invention has been made in view of the
problems, and an object of the present invention is to prevent
a deterioration in display quality by reducing a variation
between a luminance ratio which has been set in accordance
with each frame and a luminance ratio of light transmitted
through a liquid crystal panel.

[0020] In order to attain the object, a liquid crystal display
device in accordance with the present invention including a
liquid crystal panel and a backlight which is provided with a
plurality of light sources that emit light of different colors
from a backside of the liquid crystal panel, the liquid crystal
display device, in accordance with a frame of a video signal
supplied thereto, (i) displaying a color image by controlling
an aperture ratio of the liquid crystal panel and luminances of
the respective plurality of light sources, and (ii) controlling
the luminances of the respective plurality of light sources by
pulse width modulation, the liquid crystal display device
includes period dividing means for dividing a frame of the
video signal into a plurality of periods; and a pulse width
modulating section which generates a pulse signal for causing
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each of the plurality of light sources to emit light so that for
each of the plurality of periods into which the period dividing
means has divided the frame, the plurality of light sources
emit light while overlapping with each other.

[0021] In order to attain the object, a liquid crystal display
method in accordance with the present invention in which in
accordance with a video signal supplied to a liquid crystal
display device including a liquid crystal panel and a backlight
which is provided with a plurality of light sources that emit
light of different colors from a backside of the liquid crystal
panel, (i) acolor image is displayed by controlling an aperture
ratio of the liquid crystal panel and luminances of the respec-
tive plurality of light sources, and (ii) the luminances of the
respective plurality of light sources are controlled by pulse
width modulation, the liquid crystal display method includes
the steps of: (a) dividing a frame of the video signal into a
plurality of periods; and (b) generating a pulse signal for
causing each of the plurality of light sources to emit light so
that for each of the plurality of periods into which the frame
has been divided in the step (a), the plurality of light sources
emit light while overlapping with each other.

[0022] According to the arrangement mentioned above, the
period dividing means divides a frame into a plurality of
periods. The pulse width modulating section generates a
pulse signal for causing each of the plurality of light sources
to emit light for each of the periods into which the frame has
been divided by the dividing means. As described earlier,
evenifan aperture ratio of the liquid crystal panel varies in the
frame, division, into a plurality of periods, of a period in
which a light source emits light in one (1) frame can reduce a
variation between (i) a ratio (predetermined luminance ratio)
among luminances (predetermined luminances) of respective
light sources for displaying a color image and (ii) a ratio
(transmission luminance ratio) among luminances (transmis-
sion luminances) of respective light sources which have been
actually transmitted through the liquid crystal panel.

[0023] According to the arrangement mentioned above, the
pulse width modulating section generates a pulse signal for
causing each of the plurality of light sources to emit light so
that for each of the plurality of periods into which the period
dividing means has divided the frame, the plurality of light
sources emit light while overlapping with each other. Accord-
ing to this, colors of light emitted from the respective plurality
of light sources are mixed for each of the plurality of periods
of the frame. Therefore, even if an aperture ratio of the liquid
crystal panel varies in the frame, a variation between a pre-
determined luminance ratio and transmission luminance ratio
can be reduced.

[0024] Furthermore, according to the arrangement men-
tioned above, colors of light emitted from the respective light
sources are mixed for each of the plurality of periods of the
frame. Therefore, a variation between a predetermined lumi-
nance ratio and a transmission luminance ratio can be reduced
also in a different frame.

[0025] As described earlier, the arrangement mentioned
above allows a reduction in variation between a predeter-
mined luminance ratio and a transmission luminance ratio, so
that a deterioration in display quality can be prevented.
[0026] A liquid crystal display device in accordance with
the present invention including a liquid crystal panel and a
backlight which is provided with a plurality of light sources
that emit light of different colors from a backside of the liquid
crystal panel, the liquid crystal display device, in accordance
with a video signal supplied thereto, (i) displaying a color
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image by controlling an aperture ratio of the liquid crystal
panel and luminances of the respective plurality of light
sources, and (ii) controlling the luminances of the respective
plurality of light sources by pulse width modulation, the
liquid crystal display device includes period dividing means
for dividing a frame of the video signal into a plurality of
periods; and a pulse width modulating section which gener-
ates a pulse signal for causing each of the plurality of light
sources to emit light so that for each of the plurality of periods
into which the period dividing means has divided the frame,
the plurality of light sources emit light while overlapping with
each other.

[0027] A liquid crystal display method in accordance with
the present invention in which in accordance with a video
signal supplied to a liquid crystal display device including a
liquid crystal panel and a backlight which is provided with a
plurality of light sources that emit light of different colors
from a backside of the liquid crystal panel, (i) a color image is
displayed by controlling an aperture ratio of the liquid crystal
panel and luminances of the respective plurality of light
sources, and (ii) the luminances of the respective plurality of
light sources are controlled by pulse width modulation, the
liquid crystal display method includes the steps of: (a) divid-
ing a frame of the video signal into a plurality of periods; and
(b) generating a pulse signal for causing each of the plurality
of light sources to emit light so that for each of the plurality of
periods into which the frame has been divided in the step (a),
the plurality of light sources emit light while overlapping with
each other.

[0028] This yields an effect of preventing a deterioration in
display quality by reducing a variation between a luminance
ratio set in accordance with a frame and a luminance ratio of
light transmitted through a liquid crystal panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a block diagram showing an arrangement
of a liquid crystal display device of the present invention.
[0030] FIG. 2 is a block diagram showing an arrangement
of'a LED driver control section and a pulse width modulating
section of the liquid crystal display device of the present
invention.

[0031] FIG. 3 explains each pulse signal of one (1) sub
frame.
[0032] FIG. 4 shows how PWM signals are generated at

respective duties of 100%, 50%, and 25%.

[0033] FIG. 5 shows how PWM signals at respective duties
0f' 100%, 50%, and 25% are generated in a case where High
is set to be outputted at the beginning of each sub period.
[0034] FIG. 6 shows how PWM signals at respective duties
of 100%, 50%, and 25% are generated in a case where High
is set to be outputted at the end of each sub period.

[0035] (a) of FIG. 7 shows how LEDs R, G, and B are
sequentially turned on by causing the LEDs R, G, and B to
turn off at an identical timing without dividing one (1) sub
frame into a plurality of periods. (b) of FIG. 7 shows trans-
mission luminances of light which has been transmitted
through the LCD in accordance with the method shown in (a)
of FIG. 7.

[0036] (a) of FIG. 8 shows how the LEDs R, G, and B are
sequentially turned on by causing the LEDs R, G, and B to
start turning on at an identical timing without dividing one (1)
sub frame into a plurality of periods. (b) of FIG. 8 shows
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transmission luminances of light which has been transmitted
through the LCD in accordance with the method shown in (@)
of FIG. 8.

[0037] (a) of FIG. 9 shows how the LEDs R, G, and B are
sequentially turned on by causing centers of respective turn-
on periods of the respective LEDs R, G, and B to coincide
with each other without dividing one (1) sub frame into a
plurality of periods. () of FIG. 9 shows transmission lumi-
nances of light which has been transmitted through the LCD
in accordance with the method shown in (a) of FIG. 9.
[0038] (a) of FIG. 10 shows a method of turning on the
LEDsR, G, and B for each of a plurality of periods into which
one (1) sub frame has been divided. () of FIG. 10 shows
transmission luminances of light which has been transmitted
through the LCD in accordance with the method shown in (a)
of FIG. 10.

[0039] FIG. 11 is a flowchart showing how a process is
carried out in a liquid crystal display device of the present
invention.

[0040] FIG.12is ablock diagram showing an arrangement
of LED driver control section and another pulse width modu-
lating section.

[0041] FIG. 13 shows how an image is displayed by a
conventional field sequential method.

[0042] FIG. 14 shows how animage is displayed by another
conventional field sequential method.

[0043] FIG. 15 shows that a luminance of light transmitted
through a liquid crystal panel varies in accordance with
responsiveness of a liquid crystal.

DETAILED DESCRIPTION OF THE INVENTION

[0044] An embodiment of the present invention is specifi-
cally described below.

[0045] <Overall view of Liquid Crystal Display Device>
[0046] FIG. 1 is a block diagram showing an arrangement
of the liquid crystal display device 101 of the present inven-
tion.

[0047] The liquid crystal display device 101 includes a
video signal receiving section 1, a video signal processing
section 2, a liquid crystal panel controller 3, a liquid crystal
panel 4, an LED controller 10, and an LED backlight (Back-
light) 5 (see FIG. 1). The LED controller 10 includes a pro-
cess control section 11, a pulse width modulating section 20,
and an LED driver control section (period dividing means)
13.

[0048] The liquid crystal panel 4 is a liquid crystal panel
which includes no color filter.

[0049] TheLED backlight 5includes an LED (light source)
5R which emits red light as a first color, an LED (light source)
5G which emits green light as a second color, and an LED
(light source) 5B which emits blue light as a third color. The
LED backlight 5 further includes an LED driver Sa which
controls driving of each of the LED 5R, the LED 5G, and the
LED 5B. A plurality of LEDs 5R, a plurality of LEDs 5G, and
a plurality of LEDs 5B are provided in a planar pattern.
[0050] The liquid crystal display device 101 not only per-
forms a color display by a field sequential method but also
controls a backlight for each display area (carries out area
active drive control). Therefore, a ferroelectric liquid crystal
which is suitable for a field sequential method and whose
response speed is high is used for the liquid crystal panel 4,
and a backlight which uses an LED (Light Emitting Diode)
serving as a light emitting device is used the LED backlight 5.
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[0051] The video signal receiving section 1 receives and
processes an externally inputted video signal. From an
antenna or the like (not illustrated), the video signal receiving
section 1 receives, as a video signal, a composite video signal
which contains, for example, a color signal indicative of a
display color of a display image, a luminance signal indica-
tive of a luminance for each pixel, and a sync signal. Then, the
video signal receiving section 1 supplies the composite video
signal thus received to the video signal processing section 2.
[0052] The video signal processing section 2 separates the
composite video signal into data for the liquid crystal panel 4
and data for causing the LED backlight 5 to turn on. In
accordance with the composite video signal supplied from the
video signal receiving section 1, the video signal processing
section 2 generates an RGB data signal indicative of R, G, and
B display tone values and sync signals (a sync clock CLK, a
horizontal sync signal HS, and a vertical sync signal VS).
[0053] The video signal processing section 2 further
divides one (1) frame into a plurality of sub frames, so as to
generate a plurality of sub frames. For example, in a case
where one (1) frame is a period of 60 Hz and the one (1) frame
is divided into four sub frames, each of the four sub frames is
a period of 240 Hz.

[0054] As described earlier, the video signal processing
section 2 divides one (1) frame into a plurality of sub frames,
and causes the liquid crystal panel 4 to display an image by
the plurality of sub frames obtained by the division. Then, the
LED controller 10 sequentially turns on three primary colors
of LEDs 5R, 5G, and 5B at a suitable luminance for each of
the plurality of sub frames into which the video signal pro-
cessing section 2 has divided one (1) frame (described later).
This enables the liquid crystal display device 101 to consume
less electric power.

[0055] For each of the plurality of sub frames, the video
signal processing section 2 generates an RGB data signal and
a sync signal for the liquid crystal panel 4, and an RGB data
signal and a sync signal for turning on the LED backlight 5.
The video signal processing section 2 supplies, to the liquid
crystal panel controller 3, the RGB data signal and the sync
signal for the liquid crystal panel 4. The video signal process-
ing section 2 also supplies, to the LED controller 10, the RGB
data signal and the sync signal for turning on the LED back-
light 5.

[0056] The liquid crystal panel controller 3 finds an aper-
ture ratio of a liquid crystal (LCD aperture ratio) in accor-
dance with the RGB data signal and the sync signal for the
liquid crystal panel 4 which have been supplied from the
video signal processing section 2. Then, the liquid crystal
panel controller 3 supplies, to a source driver (not illustrated)
and a gate driver (not illustrated) of the liquid crystal panel 4,
an instruction signal for driving the liquid crystal panel 4.
This causes the liquid crystal panel 4 to be subjected to
control of an aperture ratio for each sub frame.

[0057] Inaccordance with the RGB data signal and the sync
signal for turning on the LED backlight 5 which have been
supplied from the video signal processing section 2 to the
LED controller 10, the LED driver control section 13 gener-
ates, for each sub frame, PWM values which serve as signals
for controlling pulse widths of the respective LEDs 5R, 5G,
and 5B, and a clock signal GsClk. The LED driver control
section 13 supplies the PWM values and the clock signal to
the pulse width modulating section 20.

[0058] A PWM value refers to a duty of each of the LED
5R, the LED 5G, and the LED 5B in a plurality of periods into
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which one (1) sub frame has been further divided. A clock
signal GsClIk refers to a clock signal which is outputted at a
frequency obtained by multiplying, by a frequency of one (1)
sub frame, the number of the plurality of periods into which
one (1) sub frame has been further divided. An arrangement of
the LED driver control section 13 is described later.

[0059] The pulse width modulating section 20 generates a
pulse signal for causing each of the LED 5R, the LED 5G and
the LED 5B to emit light so that for each of the plurality of
periods into which the LED driver control section 13 has
divided the sub frame, the LED 5R, the LED 5G, and the LED
5B emit light while overlapping with each other.

[0060] The pulse width modulating section 20 generates a
PWM R signal, a PWM G signal, and a PWM B signal in
accordance with (i) the clock signal GsClk which has been
supplied from a clock oscillating section 17 and serves as a
PWM modulating signal for each color and (ii) the PWM
values of the LED 5R, the LED 5G, and the LED 5B, respec-
tively, which have been supplied from the LED driver control
section 13. The PWM R signal, the PWM G signal, and the
PWM B signal are PWM signals for the LED 5R, the LED
5@, and the LED 5B, respectively, for each sub frame. Then,
the pulse width modulating section 20 supplies the PWM R
signal, the PWM G signal, and the PWM B signal to the
process control section 11. The pulse width modulating sec-
tion 20 is described later.

[0061] The process control section 11 is an interface for the
LED backlight 5. The process control section 11 converts the
PWM R signal, the PWM G signal, and the PWM B signal
from the pulse width modulating section 20 into respective
signals for turning on the back light 5 and supplies the signals
to the LED driver 5a, so as to control turning-on of each of the
LED 5R, the LED 5G, and the LED 5B.

[0062] As described earlier, the liquid crystal display 101
carries out area active drive with respect to the LED backlight
5 in accordance with a video signal to be displayed in the
liquid crystal panel 4.

[0063] <Description of LED Driver Control Section 13 and
Pulse Width Modulating Section 20>

[0064] Next, the following description specifically dis-
cusses the LED driver control section 13 and the pulse width
modulating section 20 with reference to FIG. 2.

[0065] FIG. 2 is a block diagram showing an arrangement
of the LED drive control section 13 and the pulse width
modulating section 20.

[0066] The LED driver control section 13 includes a duty
finding section 14, a period dividing section (period dividing
means) 15, a PWM value finding section 16, and the clock
oscillating section 17.

[0067] The pulse width modulating section 20 includes, for
each color, a duty setting register 21, a counter circuit 22, a
comparator 23, and AMP 24.

[0068] In other words, the duty setting register 21 consists
of a duty setting register 21R for controlling the LED 5R, a
duty setting register 21G for controlling the LED 5G, and a
duty setting register 21B for controlling the LED 5B. Same
applies to the counter circuit 22, the comparator 23, and the
AMP 24. The counter circuit 22 consists of counter circuits
22R, 22G, and 22B for controlling the LED 5R, the LED 5@,
and the LED 5B, respectively. The comparator 23 consists of
23R, 23G, and 23B for controlling the LED 5R, the LED 5G,
and the LED 5B, respectively. The AMP 24 consists of AMPs
24R, 24G, and 24B for controlling the LED 5R, the LED 5G,
and the LED 5B, respectively. Note that it is only necessary to
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provide the AMPs 24R, 24G, and 24B according to need and
provision of the AMPs 24R, 24G, and 24B may be omitted.
[0069] Inaccordance with the RGB datasignal and the sync
signal for turning on the LED backlight 5, the RGB data
signal and the sync signal each having been supplied from the
video signal processing section 2 to the LED controller 10,
the duty finding section 14 finds, for each sub frame, duties
(Duty: light emitting ratio) of the respective LEDs 5R, 5G,
and 5B for carrying out area active drive with respect to the
LED backlight 5. The duty finding section 14 supplies, to the
PWM value finding section 16, the duties of the respective
LEDs 5R, 5G, and 5B which duties have been found for the
each sub frame.

[0070] The period dividing section 15 further divides one
(1) sub frame equally into a plurality of periods (e.g. four
periods) in accordance with the RGB data signal and the sync
signal for turning on the LED backlight 5, the RGB data
signal and the sync signal each having been supplied from the
video signal processing section 2 to the LED controller 10.
[0071] Note that it is only necessary to divide one (1) sub
frame into two periods or more. In addition, the present inven-
tion can yield more effects as a plurality of periods into which
one (1) sub frame is divided increase in number. However,
this requires a faster processing speed as hardware.

[0072] Further, the number of periods into which one (1)
sub frame is divided may be preliminarily set, for example, at
the time of factory shipment, to be a given number or to be
changed in accordance with a duty of one (1) sub frame. In
addition, the number of periods into which one (1) sub frame
is divided may be fixed for each color or may be changed for
each color.

[0073] The periods dividing section 15 supplies, to each of
the PWM value finding section 16 and the clock oscillating
section 17, the number (division number) of periods into
which one (1) sub frame is divided.

[0074] In accordance with (i) the duties of the respective
LEDs 5R, 5G, and 5B for each sub frame, the duties having
been supplied from the duty finding section 14 and (ii) the
division number of one (1) sub frame, the division number
having been supplied from the period dividing section 15, the
PWM value finding section 16 assigns the duties of the
respective LEDs SR, 5G, and 5B to each of periods obtained
by the division by the period dividing section 15. Then, the
PWM value finding section 16 supplies, to the duty setting
register 21 (duty setting registers 21R, 21G, and 21B), the
duties of the respective LEDs 5R, 5G, and 5B assigned to the
each of the periods as PWM values (e.g., ranging from 0 to
4095).

[0075] The clock oscillating section 17 outputs a clock
signal of a given period. To the counter circuit 22 (counter
circuits 22R, 22G, and 22B), the clock oscillating section 17
supplies, as the clock signal GsCIk, a clock signal at a fre-
quency obtained by multiplying a predetermined frequency
of one (1) sub frame (e.g., 240 Hz) by a division number of
one (1) sub frame, the division number having been supplied
from the period dividing section 15.

[0076] The duty setting register 21 (21R, 21G, and 21B)
instructs the comparator 23 of a timing at which a PWM
signal outputs High or Low. At a given timing, the duty setting
register 21 which has obtained a PWM value supplied from
the PWM value finding section 16 supplies, to the comparator
23 (comparators 23R, 23G and 23B), a High/Low instruction
signal indicative of an instruction to cause the PWM signal to
output High or Low for each PWM value.
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[0077] As for a timing at which the duty setting register 21
supplies the High/Low instruction signal to the comparator
23, the duty setting register 21 may supply the High/Low
instruction signal to the comparator 23 at the beginning of one
(1) sub frame at one time. Alternatively, the duty setting
register 21 may supply the High/Low instruction signal for
each of the periods.

[0078] The counter circuit 22 (counter circuits 22R, 22G,
and 22B) counts pulses of the clock GsClk supplied from the
clock oscillating section 17, and supplies the number of
counts to the comparator 23 (comparators 23R, 23G and
23B).

[0079] The comparator 23 receives (i) the High/Low
instruction signal indicative of an instruction to cause the
PWM signal to output High or a Low for each PWM value, the
High/Low instruction signal having been supplied from the
duty setting register 21, and (ii) the number of counts which
has been supplied from the counter circuit 22. When the
number of counts which has been supplied from the counter
circuits 22 reaches a value indicated by the High/Low instruc-
tion signal which has been supplied from the duty setting
register 21, the comparator 23 supplies, to the AMP 24
(AMPs 24R, 24G and 24B), a High/Low PWM signal for
causing the LED 5R, the LED 5G, and the LED 5B to turn on
(be ON) or turn off (be OFF).

[0080] The AMP 24 amplifies the High/Low PWM signal
supplied from the comparator 23, and supplies the High/Low
PWM signal to the LED backlight 5 via the process control
section 11 at a subsequent stage.

[0081] Thisallows control ofatiming at which the LED SR,
the LED 5G, and the LED 5B turn on/off.

[0082] As described earlier, according to the liquid crystal
display device 101, since an image display is performed by
the field sequential method, it is unnecessary that the liquid
crystal panel 4 include a color filter. This increases a trans-
mittance of the liquid crystal panel 4. In addition, the LED
backlight 5 which sequentially turns on three primary colors
(R, G and B) at a suitable luminance for each of the plurality
of sub fields enables the liquid crystal display device 101 to
consume less electric power. The liquid crystal display device
101 is arranged such that a plurality of sub frames into which
one (1) frame has been divided are further divided into a
plurality of periods. The pulse width modulating section 20
modulates a pulse width so that R, G, and B emit light while
overlapping with each other for each of the plurality of peri-
ods. This enables suitable luminance control for each of the
plurality of sub frames.

[0083] Furthermore, the pulse width modulating section
20, which includes a plurality of stages of circuits for the
respective colors, is capable of carrying out pulse with modu-
lating processes for the respective LEDs 5R, 5G, and 5B
simultaneously. This allows pulse width modulation to be
carried out with respect to the LEDs 5R, 5G, and 5B in a
shorter time.

[0084] The above description discusses the pulse width
modulating section 20 assuming that the pulse width modu-
lating section 20 includes a plurality of sets of circuits for the
respective colors. Alternatively, the pulse width modulating
section 20 may include only single-set circuits as shown in a
pulse with modulating section 20a (see FIG. 12).

[0085] FIG. 12 is a block diagram showing an arrangement
ofthe LED driver control section 13 and another pulse width
modulating section 20a.

Dec. 13, 2012

[0086] The pulse width modulating section 20qa includes a
duty setting register 21a, a counter circuit 22a, a comparator
23a, and an AMP 24a.

[0087] As described earlier, the pulse width modulating
section 20a may include single-set circuits. In this case, since
the pulse width modulating section 20a includes single-set
circuits, a process for controlling each of the LEDs (LED SR,
LED 5G, and LED 5B) to turn on is carried out sequentially
for each color for each sub frame.

[0088] The pulse width modulating section 20a which is
thus arranged to include single-set circuits enables a reduc-
tion in cost as compared with the pulse width modulating
section 20 including a plurality of sets of circuits.

[0089] <Pulse Width Modulation>

[0090] Next, the following description discusses pulse
width modulation with reference to FIGS. 3 to 6.

[0091] Firstly, a case where one (1) sub frame is not divided
into a plurality of periods is discussed with reference to FIG.
3.

[0092] FIG. 3 shows each pulse signal of one (1) sub frame.
[0093] Assume that a clock interval of a vertical sync
period Vs (an aperture period of an LCD in one (1) sub frame)
is 240 Hz (approximately 4 ms). In this case, a clock interval
of the clock signal GsCIk, which is supplied from the clock
oscillating section 17 to the counter circuit 22, is also set to be
240 Hz (approximately 4 ms) in accordance with the clock
interval of the vertical sync period Vs.

[0094] Inacase where light control is carried out in one (1)
sub frame, a duty is set to be 100% by counting 4096 clocks
of the clock signal GsClk at the interval of 240 Hz (approxi-
mately 4 ms).

[0095] Namely, in a case where one (1) sub frame is not
divided into a plurality of periods, e.g., in a case where the
LED 5G emits light at a duty of 100%, the PWM value finding
section 16 supplies 4096, which is the number of counts of
one (1) sub frame, to the duty setting register 21G as a PWM
value.

[0096] The duty setting register 21G which has obtained
the PWM value indicative of 4096 from the PWM value
finding section 16 supplies, to the comparator 23G, a signal
for outputting High at the first count and outputting Low at the
4096th count.

[0097] The comparator 23G which has obtained the first
count of the counts supplied from the counter circuit 22G
outputs High as a PWM signal (PWM G signal) output. The
comparator 23G which has obtained the 4096th count from
the counter circuit 22G outputs Low as a PWM signal (PWM
G signal) output. The comparator 23G thus supplies, to the
AMP 24G, a PWM signal (PWM G signal) as a signal at a
duty of 100%. The AMP 24G amplifies the PWM signal
(PWM G signal) supplied thereto. The PWM signal thus
amplified is supplied to the LED 5G via the process control
section 11 and the LED driver 5a, so that the LED 5G is
controlled to turn on/off.

[0098] Accordingto this, in order to cause each of the LEDs
5R, 5G, and 5B to emit light at a duty of 100% (in one (1) sub
frame), it is necessary that a frequency (period) between
when the comparator 23 outputs High and when the compara-
tor 23 outputs Low be 240 (Hz)x4096 (counts)=983040 (Hz),
which is approximately 1 MHz.

[0099] Similarly, for example, in order to cause a duty to be
10% in one (1) sub frame, it is only necessary that, when the
counter circuit 22 finishes counting 409 clocks of the clock
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signal GsCIk, the comparator 23 causes an output of the
PWM signal to switch from High to Low.

[0100] Next, the following description discusses, with ref-
erence to FIGS. 4 to 6, how PWM signals are generated in a
case where one (1) sub frame is divided into a plurality of
periods.

[0101] FIG. 4 shows how PWM signals are generated
which have respective duties of 100%, 50%, and 25%.
[0102] According to the present invention, one (1) sub
frame is further divided into a plurality of periods in each of
which the number of clocks of the clock signal GsCIk is
counted, so that duties of the respective LEDs SR, 5G, and 5B
are controlled (see FIG. 4). According to the present embodi-
ment, one (1) sub frame is divided into four periods.

[0103] A first period of the four periods into which one (1)
sub frame is divided is set to be a period 1. A period following
the period 1 is set to be a period 2. A period following the
period 2 is set to be a period 3. A period following the period
3 is set to be a period 4 (see FIG. 4).

[0104] Sinceone (1) sub frame is divided into four periods,
a clock frequency of the clock signal GsClk for counting one
(1) period is 240 (Hz)x4096 (counts)x4=3932160 (Hz),
which is approximately 4 MHz.

[0105] That is, when one (1) sub frame is divided into four
periods, a clock frequency of the clock signal GsClk also
quadruples. As described earlier, a clock frequency of the
clock signal GsClk is obtained by multiplying, by the number
of periods into which one (1) sub frame is divided, a clock
frequency obtained when one (1) sub frame is not divided.
[0106] Note that a major difference between a method for
generating a PWM signal when one (1) sub frame is not
divided (described with reference to FIG. 3) and a method for
generating a PWM signal when one (1) sub frame is divided
(see FIG. 4) is a clock frequency of the clock signal GsClk.
Therefore, hardware of the pulse width modulating section 20
can have an identical arrangement in both the methods.
[0107] The period 1 is a period between the first count and
the 4096th count. The period 2 is a period between the 4097th
count and the 8192th (4096x2) count. The period 3 is a period
between the 8193th count and the 12288 (4093x3) count. The
period 4 is a period between the 12289th count and the
16384th (4096x4) count.

[0108] A PWM G signal output shows a state of an output
of a PWM signal, the output being supplied from the com-
parator 23G to the LED 5G, and shows a state of an output of
the PWM signal in a case where the LED 5G turns on at a duty
0f100% in one (1) sub frame. Among PWM G signal outputs,
a High output causes the LED 5G to turn on, and a Low output
causes the LED 5G to turn off.

[0109] A PWM R1 signal output shows a state of an output
of a PWM signal, the output being supplied from the com-
parator 23R to the LED 5R, and shows a state of an output of
the PWM signal in a case where the LED SR turns on at a duty
0f50% in one (1) sub frame. Among PWM R1 signal outputs,
a High output causes the LED 5R to turn on, and a Low output
causes the LED 5R to turn off.

[0110] A PWM B1 signal output shows a state of an output
of a PWM signal, the output being supplied from the com-
parator 23B to the LED 5B, and shows a state of an output of
the PWM signal in a case where the LED 5B turns on at a duty
0f25% in one (1) sub frame. Among PWM B1 signal outputs,
a High output causes the LED 5B to turn on, and a Low output
causes the LED 5B to turn off.
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[0111] Duties of the respective LEDs 5G, 5R, and 5B in
each of the periods 1 to 4 into which one (1) sub frame is
divided are duties of the respective LEDs 5G, 5R, and 5B
which are assigned to the one (1) sub frame.

[0112] As shown in the PWM G signal output, in a case
where a duty is 100%, the comparator 23G outputs High from
the beginning of one (1) sub frame (the first count). Then, the
comparator 23G outputs Low at the end of the one (1) sub
frame (4096x4th count).

[0113] The PWM RI1 signal output shows a PWM signal
output at a duty of 50%. Therefore, 50% of the PWM R1
signal output is High in each of the periods 1 to 4. That is, in
each of the periods 1 to 4, High is outputted for a period
equivalent to 4096x0.5=2048 counts.

[0114] For the PWM R1 signal output, the period dividing
section 15 further divides each of the periods 1 to 4 into four
sub periods.

[0115] Four sub periods, into which the period 1 has been
divided, from the first sub period to the last sub period, are set
to be a sub period 1-1, a sub period 1-2, a sub period 1-3, and
a sub period 1-4, respectively. Four sub periods, into which
the period 2 has been divided, from the first sub period to the
last sub period, are set to be a sub period 2-1, a sub period 2-2,
a sub period 2-3, and a sub period 2-4, respectively. Four sub
periods, into which the period 3 has been divided, from the
first sub period to the last sub period, are set to be a sub period
3-1, a sub period 3-2, a sub period 3-3, and a sub period 3-4,
respectively. Four sub periods, into which the period 4 has
been divided, from the first sub period to the last sub period,
are set to be a sub period 4-1, a sub period 4-2, a sub period
4-3, and a sub period 4-4, respectively.

[0116] In the period 1, the duty setting register 21R sup-
plies, to the comparator 23R, a High instruction signal at the
first count and a Low instruction signal at the end of the sub
period 1-2. Namely, in the period 1, the comparator 23R
outputs High from the beginning of the sub period 1-1 (i.e.,
the beginning of one (1) sub frame), and the counter circuit
22R counts the number of clocks of the clock signal GsClk
and supplies the counted number of clocks to the comparator
23R. The comparator 23R obtains the counted number of
clocks from the counter circuit 22R, and outputs Low after
obtaining 2048 ((4096/4)x2) counts.

[0117] According to this, in the period 1, the PWM R1
signal outputs High in the sub periods 1-1 and 1-2, which are
the first two sub periods of the period 1, whereas the PWM R1
signal outputs Low in the periods 1-3 and 1-4, which are the
latter two sub periods.

[0118] In the period 2, the duty setting register 21R sup-
plies, to the comparator 23R, a High/Low instruction signal
which is later than that in the period 1 by one (1) sub period (a
period equivalent to the sub period 2-1). Therefore, the com-
parator 23R outputs High after the counter circuit 22R counts
{(4096/2)—(2048/2)}=1024 clocks from the beginning of the
period 2.

[0119] Thatis, in the period 2, the duty setting register 21R
supplies, to the comparator 23R, a High instruction signal at
the end of the sub period 2-1 and a Low instruction signal at
the end of the sub period 2-3. The comparator 23R obtains the
counted number of clocks from the counter circuit 22R. The
comparator 23R outputs High after obtaining (4096+(4096/
4))=5121 counts, and outputs Low after obtaining (4096+
(4096/4)x3)=7168 counts.

[0120] As described earlier, in the period 2, the PWM R1
signal outputs (i) Low in the sub periods 2-1 and 2-4, which
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are the respective first and last sub periods, and (ii) High in the
sub periods 2-2 and 2-3, which are the respective middle two
sub periods.

[0121] Inthe period 3, as in the case of the period 2, the duty
setting register 21R supplies, to the comparator 23R, a High/
Low instruction signal which is later than that in the period 1
by one (1) sub period (a period equivalent to the sub period
3-1). Therefore, the comparator 23R outputs High after the
counter circuit 22R counts {(4096/2)-(2048/2)}=1024
clocks from the beginning of the period 3.

[0122] Namely, inthe period 3, the duty setting register 21R
supplies, to the comparator 23R, a High instruction signal at
the end of the sub period 3-1 and a Low instruction signal at
the end of the sub period 3-3. The comparator 23R obtains the
counted number of clocks from the counter circuit 22R. The
comparator 23R outputs High after obtaining {(4096x2)+
(4096/4)}=9216 counts, and outputs Low after obtaining
{(4096x2)+(4096/4)x3}=11264 counts.

[0123] As described earlier, in the period 3, the PWM R1
signal outputs (i) Low in the sub periods 3-1 and 3-4, which
are the respective first and last sub periods, and (ii) High in the
sub periods 3-2 and 3-3, which are the respective middle two
sub periods.

[0124] Inthe period 4, it is only necessary that the LED SR
turn off (Low be outputted) for a period equivalent to the
number of clocks (2048) which is obtained by subtracting a
light emitting period (a period of a High output) from the
number of clocks in the period 4 (4096), and then the LED 5R
turn on (High be outputted) for a period equivalent to the
given number of clocks.

[0125] That s, in the period 4, the duty setting register 21R
supplies, to the comparator 23R, a High/Low instruction sig-
nal which is later than that in the period 1 by two sub periods
(periods equivalent to the sub periods 4-1 and 4-2). Therefore,
the comparator 23R outputs High after the counter circuit
22R counts {(4096/2)-(2048/2)}x2=2048 clocks from the
beginning of the period 4.

[0126] Specifically, in the period 4, the duty setting register
21R supplies, to the comparator 23R, (i) a High instruction
signal at the end of the sub period 4-2, which is the first half
ofthe period 4, and (ii) a Low instruction signal at the end of
the sub period 4-4. The comparator 23R obtains the counted
number of clocks from the counter circuit 22R. The compara-
tor 23R outputs High after obtaining {(4096x3)+(4096/4)x
2}=14336 counts, and outputs Low after obtaining {(4096x
3)+(4096/4)x4}=16384 counts.

[0127] The PWM B1 signal output shows a PWM signal
output at a duty of 25%. Therefore, 25% of the PWM B1
signal output is High in each of the periods 1 to 4. That is, in
the periods 1 to 4, High is outputted for a period equivalent to
4096x0.25=1024 counts.

[0128] Accordingto the PWM B1 signal output, each of the
periods 1 to 4 is further divided into eight sub periods.
[0129] Eight sub periods, into which the period 1 has been
divided, from the first sub period to the last sub period, are set
tobeasub period 1 (i), 1 (i1), 1 (iii) 1 (viii), respectively. Eight
sub periods, into which the period 2 has been divided, from
the first sub period to the last sub period, are set to be a sub
period 2 (i), 2 (ii), 2 (iii) 2 (viii), respectively. Eight sub
periods, into which the period 3 has been divided, from the
first sub period to the last sub period, are set to be a sub period
3 (1), 3 (i), 3 (iii) . . ., 3 (viii), respectively. Eight sub periods,
into which the period 4 has been divided, from the first sub
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period to the last sub period, are set to be a sub period 4 (i), 4
(ii), 4 (iii) . . . , 4 (viii), respectively.

[0130] In the period 1, the duty setting register 21R sup-
plies, to the comparator 23R, a High instruction signal at the
first count and a Low instruction signal at the end of the sub
period 1 (iv). Namely, in the period 1, the comparator 23R
outputs High from the beginning of the sub period 1 (i) (i.e.,
the beginning of one (1) sub frame), and the counter circuit
22R counts the number of clocks of the clock signal GsClk
and supplies the counted number of clocks to the comparator
23R. The comparator 23R obtains the counted number of
clocks from the counter circuit 22R, and outputs Low after
obtaining 1024 (=(4096/8)x2) counts.

[0131] According to this, in the period 1, High is outputted
in the periods 1 (i) and 1 (ii), which are the first two periods,
whereas Low is outputted in the periods 1 (iii) to 1 (viii),
which are the latter six periods.

[0132] In the period 2, the duty setting register 21B sup-
plies, to the comparator 23B, a High/L.ow instruction signal
which is later than that in the period 1 by three sub periods
(periods equivalent to the sub periods 2 (i) to 2 (iii)).

[0133] In the period 2, the duty setting register 21B sup-
plies, to the comparator 23B, a High instruction signal at the
end of the sub period 2 (iii) and a Low instruction signal at the
end of the sub period 2 (v). The comparator 23B obtains the
counted number of clocks from the counter circuit 22R. The
comparator 23B outputs High after obtaining (4096+(4096/
8)x3)=5632 counts, and outputs. Low output after obtaining
(4096+(4096/8)x5)=6656 counts.

[0134] As described earlier, in the period 2, the PWM B1
signal outputs (1) Low in the sub periods 2 (i) to 2 (iii), which
are the respective first to third sub periods, and in the sub
periods 2 (vi) to 2 (viii), which are the respective sixth to last
sub periods, and (II) High in the sub periods 2 (iv) and 2 (v),
which are the respective middle two sub periods.

[0135] Inthe period3,as in the case of the period 2, the duty
setting register 21B supplies, to the comparator 23B, a High/
Low instruction signal which is later than that in the period 1
by three sub periods (periods equivalent to the sub periods 3
(1) to 3 (iii)).

[0136] In the period 3, the duty setting register 21B sup-
plies, to the comparator 23B, a High instruction signal at the
end of the sub period 3 (iii) and a Low instruction signal at the
end of the sub period 3 (v). The comparator 23B obtains the
counted number of clocks from the counter circuit 22B. The
comparator 23B outputs High after obtaining {(4096x2)+
(4096/8)x3)}=9728 counts, and outputs Low after obtaining
{(4096x2)+(4096/8)x5)}=10752 counts.

[0137] As described earlier, in the period 3, the PWM B1
signal outputs (1) Low in the sub periods 3 (i) to 3 (iii), which
are the respective first to third sub periods, and in the sub
periods 3 (vi) to 3 (viii), which are the respective sixth to last
sub periods, and (II) High in the sub periods 3 (iv) and 3 (v),
which are the respective middle two sub periods.

[0138] Inthe period 4, it is only necessary that the LED 5B
turn off (Low be outputted) for a period equivalent to the
number of clocks (3072) which is obtained by subtracting a
light emitting period (a period of a High output) from the
number of clocks in the period 4 (4096), and then the LED 5B
turn on (High be outputted) for a period equivalent to the
given number of clocks.

[0139] That s, in the period 4, the duty setting register 21B
supplies, to the comparator 23B, a High/Low instruction sig-
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nal which is later than that in the period 1 by six sub periods
(periods equivalent to the sub periods 4 (i) to 4 (vi)).

[0140] In the period 4, the duty setting register 21B sup-
plies, to the comparator 23B, (i) a High instruction signal at
the end of the sub period 4 (vi), and (ii) a Low instruction
signal at the end of the sub period 4 (viii). The comparator
23B obtains the counted number of clocks from the counter
circuit 22B. The comparator 23B outputs High after obtaining
{(4096x3)+(4096/8)x6)}=15360 counts, and outputs Low
after obtaining {(4096x3)+(4096/8)x8)}=16384 counts.
[0141] As described earlier, in the period 4, the PWM B1
signal outputs (1) Low in the periods 4 (i) to 4 (vi), which are
the respective first to sixth periods, and (II) High in the peri-
ods 4 (vii) and 4 (viii), which are the latter two periods.
[0142] As described above, according to the PWM R1 sig-
nal output and the PWM B1 signal output, the LED 5R and the
LED 5 B turn on at the beginning and the end of one (1) sub
frame. For the middle periods 2 and 3, the LED 5R and the
LED 5B turn on in a vicinity of a center of each of the periods.
[0143] Since timings at which the PWM G signal, the PW
R1 signal, and the PWM B1 signal output High overlap each
other for each of the periods, the LED 5G, the LED 5R, and
the LED 5B can emit light while overlapping with each other
for each of the periods.

[0144] FIG. 5 shows how PWM signals which have respec-
tive duties of 100%, 50%, and 25% are generated when tim-
ings ofa High output are set to coincide with each other so that
High is outputted at the beginning of each of sub periods.
[0145] According to the PWM R2 signal output in FIG. 5,
each of the periods 1 to 4 is further divided into two sub
periods. In the first two sub periods of the two sub periods into
which the each of the periods 1 to 4 has been divided, High is
outputted, whereas Low is outputted in the latter two sub
periods. Namely, the PWM R2 signal outputs High at the
beginning of each of the periods 1 to 4 (the first count, the
4097th count, the 8193th count, and the 12289th count), and
starts outputting Low when the latter sub period of each of the
periods 1 to 4 comes (after the 2048th count, the 6144th
count, the 1024th count, and the 14336th count).

[0146] According to the PWM B2 signal output in the FIG.
5, each of the periods 1 to 4 is further divided into four sub
periods. In the first two sub periods of the four sub periods
into which the each of the periods 1 to 4 has been divided,
High is outputted, whereas Low is outputted in the other three
sub periods. Namely, the PWM B2 signal outputs High at the
beginning of each of the periods 1 to 4 (the first count, the
4097th count, the 8193th count, and the 12289th count). After
4096/4=1024 counts, the PWM B2 signal starts outputting
Low when the second sub period of each of the periods 1 to 4
comes (after the 1024th count, the 5120th count, the 9216th
count, and the 13312th count).

[0147] As described earlier, the PWM R2 signal output and
the PWM B2 signal output cause the LED 5R and LED 5B to
turn on simultaneously at the beginning of the each of the
periods 1 to 4.

[0148] FIG. 6 shows how PWM signals which have respec-
tive duties of 100%, 50%, and 25% are generated when tim-
ings of a High output are set to coincide with each other so that
High is outputted at the end of each of sub periods.

[0149] According to the PWM R3 signal output in the FIG.
6, each of the periods 1 to 4 is further divided into two sub
periods. In the first sub period of the two sub periods into
which the each of the periods 1 to 4 has been divided, Low is
outputted, whereas High is outputted in the latter sub period.
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Namely, the PWM R3 signal outputs Low at the beginning of
each of the periods 1 to 4 (the first count, the 4097th count, the
8193th count, and the 12289th count), and starts outputting
High when the latter sub period of each of the periods 1 to 4
comes (after the 2048th count, the 6144th count, the 1024th
count, and the 14336th count).

[0150] According to the PWM B3 signal output of FIG. 6,
each of the periods 1 to 4 is further divided into four sub
periods. In the first sub period of the four sub periods into
which the each of the periods 1 to 4 has been divided, Low is
outputted, whereas High output is outputted in the fourth sub
period. Namely, the PWM B3 signal outputs Low at the
beginning of each of the periods 1 to 4 (the first count, the
4097th count, the 8193th count, and the 12289th count). After
(4096/4)x3=3072 counts, the PWM B3 signal starts output-
ting High when the fourth sub period of each of the periods 1
to 4 comes (after the 3072th count, the 7168th count, the
11264th count, and the 15360th count).

[0151] As described earlier, the PWM R3 signal output and
the PWM B3 signal output cause the LED SR and LED 5B to
turn on simultaneously at the end of the each of the periods 1
to 4.

[0152] <Luminance Ratio of Light Transmitted Through
the Liquid Crystal Panel>

[0153] Inastatein which each ofthe LED SR, the LED 5G,
and the LED 5B turned on for an identical period, it has been
found that a difference in method of causing the LED 5R, the
LED 5@, and the LED 5B to turn on (timing of turning-on of
the LED SR, the LED 5G, and the LED 5B) causes a differ-
ence in transmission luminance ratio of light which has been
transmitted through an LCD. The following description dis-
cusses this with reference to (@) and (b) of FIG. 7 to (a) and (b)
of FIG. 10.

[0154] According to all methods of turning on LEDs R, G,
and B (see (a) and (b) of FIG. 7 to (a) and (b) of FIG. 10), a
duty ratio among the LEDs G, R, and Bis LED G; 100%:LED
R; 25%:LED B; 50%=1.00:0.50:0.25.

[0155] (a) of FIG. 7 shows how the LEDs G, R, and B are
sequentially turned on by causing the LEDs G, R, and B to
turn off at an identical timing without dividing one (1) sub
frame into a plurality of periods. (b) of FIG. 7 shows trans-
mission luminances of light which has been transmitted
through the LCD in accordance with the method shown in (a)
of FIG. 7.

[0156] In (@) of FIG. 7, timings at which the LED G, the
LED R, and the LED B start turning on are adjusted, so that
the LED G, the LED R and the LED B stop turning on (turn
off) simultaneously. According to this, the duty ratio among
the LEDs G, R, and B is set to be 1.00:0.50:0.25.

[0157] (&) of FIG. 7 numerically shows transmission lumi-
nances of light which has been transmitted through the LCD
for each of G, R, and B. A transmission luminance ratio
among G, R, and B is 1.00:0.56:0.29 (obtained by rounding
off the third decimal place) (see (b) of FIG. 7). Thus, unlike
the duty ratio among the LEDs G, R, and B, the transmission
luminances of the LCD are not in accordance with the duty
ratio among the LEDs G, R, and B.

[0158] (a) of FIG. 8 shows how the LEDs R, G, and B are
sequentially turned on by causing the LEDs R, G, and B to
start turning on at an identical timing without dividing one (1)
sub frame into a plurality of periods. (b) of FIG. 8 shows
transmission luminances of light which has been transmitted
through the LCD in accordance with the method shown in (a)
of FIG. 8.
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[0159] In (a) of FIG. 8, timings at which the LED G, the
LED R, and the LED B start turning on coincide with each
other, so that timings at which the LED G, the LED R, and the
LED B stop turning on (turn off) are adjusted. According to
this, the duty ratio among the LEDs G, R, and B is set to be
1.00:0.50:0.25.

[0160] (&) of FIG. 8 numerically shows transmission lumi-
nances of light which has been transmitted through the LCD
for each of G, R, and B. A transmission luminance ratio
among G, R, and B is 1.00:0.44:0.05 (obtained by rounding
off the third decimal place) (see (b) of FIG. 8). Thus, unlike
the duty ratio among the LEDs G, R, and B, the transmission
luminances of the LCD are not in accordance with the duty
ratio among the LEDs G, R, and B.

[0161] (a) of FIG. 9 shows how the LEDs G, R, and B are
sequentially turned on by causing centers of respective light
emitting periods of the respective LEDs G, R, and B to coin-
cide with each other without dividing one (1) sub frame into
a plurality of periods. (b) of FIG. 9 shows transmission lumi-
nances of light which has been transmitted through the LCD
in accordance with the method shown in (a) of FIG. 9.
[0162] In (a) of FIG. 9, timings at which the LED G, the
LED R, and the LED B start turning on and stop turning on
(turn off) are controlled, so that the centers of the respective
light emitting periods of the respective LEDs G, R, and B
coincide with each other. According to this, the duty ratio
among the LEDs G, R, and B is set to be 1.00:0.50:0.25.
[0163] (&) of FIG. 9 numerically shows transmission lumi-
nances of light which has been transmitted through the LCD
for each of G, R, and B. A transmission luminance ratio
among G, R, and B is 1.000:0.504:0.248 (obtained by round-
ing off the fourth decimal place) (see () of FIG. 9). Thus,
unlike the duty ratio among the LEDs G, R, and B, the
transmission luminances of the LCD are not in accordance
with the duty ratio among the LEDs G, R, and B.

[0164] (a) of FIG. 10 shows a method of turning on the
LEDs of the liquid crystal display device 101 in accordance
with the present embodiment.

[0165] (a) of FIG. 10 shows a method of turning on the
LEDs 5R, 5G, and 5B for each of a plurality of periods into
which one (1) sub frame has been divided. () of FIG. 10
shows transmission luminances of light which has been trans-
mitted through the LCD in accordance with the method
shown in (a) of FIG. 10.

[0166] In (a) of FIG. 10, timings at which LED 5G, LED
5R, and LED 5B start turning on coincide with each other.
According to this, the duty ratio among the LEDs 5G, 5R, and
5B is set to be 1.00:0.50:0.25.

[0167] (&) of FIG. 10 numerically shows transmission
luminances of light which has been transmitted through the
LCD for each of G, R, and B. A transmission luminance ratio
among G, R, and B is 1.00:0.50:0.25 (obtained by rounding
off the third decimal place) (see (&) of FIG. 10). The trans-
mission luminance ratio is thus identical to the duty ratio
among the LEDs 5G, 5R, and 5B. That is, the transmission
luminances of the LCD are in accordance with the duty ratio
among the LEDs 5G, 5R, and 5B.

[0168] As described earlier, the turning-on method of the
liquid crystal display device 101 allows the transmission
luminance ratio among RGB having transmitted through the
LCD to be identical to aluminance ratio set by light control by
PWM. This improves an accuracy with which color repro-
duction is carried out.

Dec. 13, 2012

[0169] Even if an aperture ratio of the liquid crystal panel
varies in accordance with responsiveness of a liquid crystal in
one (1) sub frame, division of a period in which the LEDs 5R,
5@, and 5B emit light in one (1) sub frame into a plurality of
periods allows a reduction in variation between (i) a prede-
termined luminance ratio among the LEDs 5R, 5G, and 5B for
displaying a color image and (ii) a transmission luminance
ratio among the LEDs 5R, 5G, and 5B which have been
transmitted through the liquid crystal panel 4.

[0170] In addition, according to the turning-on method
shown in (a) of FIG. 10, for each of the plurality of periods,
the LEDs 5R, 5G, and 5B emit light while overlapping with
each other. Therefore, colors of light emitted from the respec-
tive LEDs SR, 5G, and 5B are mixed for each of periods in one
(1) sub frame. Therefore, even if an aperture ratio of the liquid
crystal panel 4 varies in one (1) sub frame, it is possible to
reduce a variation between a predetermined luminance ratio
and a transmission luminance ratio. Furthermore, even in
another sub frame, it is also possible to reduce a variation
between a predetermined luminance ratio and a transmission
luminance ratio.

[0171] As described earlier, the liquid crystal display
device 101 allows a reduction in variation between a preset
luminance ratio and a transmission luminance ratio, so that a
deterioration in display quality can be prevented.

[0172] Moreover, one (1) sub frame may be divided into (i)
alight emitting frame (period) in which LEDs 5R, 5G, and 5B
emit light and a non-light emitting frame (period) in which a
black image is displayed (see (a) of FIG. 10). In the example
of (a) of FIG. 10, a non-light emitting frame 1 followed by a
light-emitting frame and a non-light emitting frame 2 follow-
ing the light-emitting frame are provided in one (1) sub frame.

[0173] Namely, in a period of the plurality of periods into
which one (1) sub frame has been divided, the period being
adjacent to another at least one frame, the pulse width modu-
lating section 20 may generate a PWM signal so as to turn off
all of the LEDs 5G, 5R, and 5B.

[0174] According tothis, a black image is displayed in each
of the non-light emitting frame 1 and the non-light emitting
frame 2 in one (1) sub frame, the non-light emitting frame 1
and the non-light emitting frame 2 each being adjacent to
another sub frame. This can prevent, between sub frames,
mixing of colors of light which has been transmitted through
the liquid crystal panel 4, so that a display quality can be
improved.

[0175] Moreover, assume that area active drive control is
carried out with respect to the LEDs 5G, 5R, and 5B. In a case
where the liquid crystal 4 is scanned for displaying an image
and each of the LEDs 5G, 5R, and 5B are scanned, a differ-
ence in responsiveness in a liquid crystal panel 4 can be
reduced. Therefore, in order to display a color image in one
(1) frame, it is possible to reduce a time required for turning
on the LEDs 5G, 5R, and 5B.

[0176] According to this, for example, unlike the Patent
Literature 2, it is unnecessary to cause an LED to continu-
ously emit light in all periods of one (1) sub frame so as to
display a color image. Therefore, all of the LEDs 5G, 5R, and
5B can be turned off without fail in a period of a plurality of
periods of one (1) sub frame, the period being adjacent to
another sub frame.

[0177] Meanwhile, if a backlight emits light for an entire
sub field (or nearly entire sub field) as described in, for
example, the display method of the Patent Literature 2 (see
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FIG.13), acolor to be emitted subsequently and a color being
emitted currently mix. This causes a color unevenness.
[0178] As described above, the liquid crystal display device
101 can more securely prevent, between frames, mixing of
colors of light transmitted through a liquid crystal panel 4, so
that a display quality can be improved.

[0179] Note that, although the present embodiment has dis-
cussed an example of a color display by use of three primary
colors of R, G, and B, the present invention is not limited to
the three primary colors of R, G, and B. Alternatively, the
present invention may employ a combination of colors for
performing a different color display. For example, also in a
case where Y (yellow), C (cyan), and M (magenta) are used
for performing a color display and a similar process is carried
out, a similar effect can be achieved.

[0180] <Flowchart>

[0181] Next, the following description discusses, with ref-
erence to FIG. 11, how a process is carried out in the liquid
crystal display device 101.

[0182] FIG. 11 is a flowchart showing how a process is
carried out in the liquid crystal display device 101.

[0183] Firstly, the video signal receiving section 1 obtains
an externally inputted composite video signal (step S1), and
supplies the obtained composite video signal to the video
signal processing section 2.

[0184] The video signal processing section 2 which has
obtained the composite signal from the video signal receiving
section 1 divides one (1) frame of the obtained composite
signal into a plurality of sub frames (step S2).

[0185] Then, the video signal processing section 2 supplies,
to the liquid crystal panel controller 3, an RGB data signal and
a sync signal for the liquid crystal panel 4 for each of the
plurality of sub frames obtained by the division of the one (1)
frame. The video signal processing section 2 also supplies, to
the LED controller 10, an RGB data signal and a sync signal
for turning on the LED backlight 5 for the each of the plurality
of sub frames.

[0186] The liquid panel controller 3 which has obtained,
from the video signal processing section 3, the RGB data
signal and the sync signal for the liquid crystal panel 4 for the
each of the plurality of sub frames finds an aperture ratio of a
liquid crystal (LCD aperture ratio) for the each of the plurality
of sub frames in accordance with the RGB data signal and the
sync signal for the liquid crystal panel 4 for the each of the
plurality of sub frames. Then, in accordance with the LCD
aperture ratio thus found, the liquid panel controller 3 con-
trols an aperture ratio of the liquid crystal panel 4 for the each
of the plurality of sub frames by controlling a source driver
(not illustrated) and a gate driver (not illustrated) (step S3).
[0187] A duty finding section 14 which has obtained the
RGB data signal and the sync signal for turning on the LED
backlight 5 to emit light, the RGB data signal and the sync
signal each having been supplied from the video signal pro-
cessing section 2 to the LED controller 10 finds duties of the
respective LEDs 5R, 5G, and 5B for the each of the plurality
of sub frames for carrying out area active drive (step S4). The
duty finding section 14 supplies the found duties of the
respective LED 5R, 5G, and 5B to the PWM value finding
section 16.

[0188] After the RGB data signal and the sync signal for
turning on the LED backlight 5 have been supplied from the
video signal processing section 2 to the LED controller 10,
the period dividing section 15 further divides one (1) sub
frame into a plurality of periods (step S5). The period dividing
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section 15 supplies, to each of the PWM value finding section
16 and the clock oscillating section 17, the number of periods
into which one (1) frame has been divided.

[0189] The PWM value finding section 16 which has
obtained (i) from the duty finding section 14, the duties of the
respective LEDs 5R, 5G, and 5B for the each of the plurality
of'sub frame and (ii) from the period dividing section 15, the
number of periods into which one (1) frame has been divided
assigns the duties of the respective LEDs 5R, 5G, and 5B to
each of the periods obtained by the division of one (1) sub
frame (step S6).

[0190] Then, the PWM value finding section 16 supplies, to
each duty setting register 21 as a PWM value, the duties of the
respective LEDs SR, 5G, and 5B which have been assigned to
the each of the periods.

[0191] The duty setting register 21 which has obtained the
PWM value from the PWM value finding section 16 gener-
ates a High/Low instruction signal which shows a timing of
switching of a PWM signal output between High and Low for
the each of the periods (step S7). The duty setting register 21
supplies the generated High/Low instruction signal to the
comparator 23. The timing of the switching of the PWM
signal output between High and Low is arranged so that for
each of the plurality of periods into which the period dividing
section 15 has divided the frame, the LEDs 5R, 5G, and 5B
emit light while overlapping with each other.

[0192] The clock oscillating section 17 generates a clock
signal at a frequency obtained by multiplying a predeter-
mined frequency of one (1) sub frame by the number of
periods into which one (1) sub frame has been divided, the
number having been supplied from the period dividing sec-
tion 15 (step S8).

[0193] The clock oscillating section 17 supplies the gener-
ated clock signal to each counter circuit 22 as a clock signal
GsClk. The counter circuit 22 counts clocks of the clock
signal GsClk supplied from the clock oscillating section 17,
and supplies the number of clocks thus counted to the com-
parator 23.

[0194] The comparator 23 obtains (i) the High/Low
instruction signal supplied from the duty setting register 21
and (ii) the number of clocks of the clock signal GsCIk, the
number having been supplied from the counter circuit 22.
‘When the number of clocks obtained from the counter circuit
22 reaches the number indicated by the High/Low instruction
signal obtained from the duty setting register 21, the com-
parator 23 recognizes this moment as a timing of switching of
the PWM signal output between High and Low (YES at step
S9), causes the PWM signal output to switch between High
and Low (step S10), and supplies the PWM signal to the AMP
24.

[0195] The AMP 24 amplifies the PWM signal whose out-
put is High or Low and which has been supplied from the
comparator 23, and supplies the amplified PWM signal to the
LED backlight 5 via the process control section 11 (step S11).
According to this, the LEDs 5R, 5G, and 5B emit light while
overlapping with each other for each of the periods obtained
by the division at the step S5.

[0196] As described earlier, in the step S5, the period divid-
ing section 15 further divides, into a plurality of periods, each
one (1) of sub frames into which one (1) frame has been
divided. Note that steps S7, S9, and S10 are process steps
carried out by the pulse width modulating section 20.

[0197] Atthesteps S7,S9, and S10, the pulse width modu-
lating section 20, for each of the periods obtained by dividing
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one (1) sub frame at the step S5, generates a PWM signal for
causing each ofthe LEDs 5R, 5G, and 5B to emit light so that
the LEDs 5R, 5G, and 5B emit light while overlapping with
each other.

[0198] According to this, evenifa difference in responsive-
ness of a liquid crystal in one (1) sub frame causes a variation
an aperture ratio of the liquid crystal panel 4, division of a
period in which the LEDs 5R, 5G, and 5B emit light in one (1)
sub frame into a plurality of periods allows a reduction in
variation between (i) a predetermined luminance ratio among
the LEDs 5R, 5G, and 5B for displaying a color image and (ii)
a transmission luminance ratio among R, G, and B light
having been actually transmitted through the liquid crystal
panel 4.

[0199] Moreover, the pulse width modulating section 20
generates a PWM signal for causing each LEDs 5R, 5G, and
5B to emit light so that the LEDs 5R, 5G, and 5B emit light
while overlapping with each other for each of the plurality of
periods obtained by the division by the period dividing sec-
tion 15. According to this, colors of light emitted from the
respective LEDs 5R, 5G, and 5B are mixed for each of the
plurality of periods of one (1) sub frame. Therefore, even if an
aperture ratio of the liquid crystal panel 4 varies in a sub
frame, a variation between a predetermined luminance ratio
and a transmission luminance ratio can be reduced.

[0200] Furthermore, colors of light emitted from the
respective LEDs 5R, 5G, and 5B are mixed for each of the
plurality of periods of one (1) sub frame. Therefore, a varia-
tion between a predetermined luminance ratio and a transmis-
sion luminance ratio can be reduced also in a different sub
frame.

[0201] As described earlier, the arrangement of the liquid
crystal display device 101 allows a reduction in variation
between a predetermined luminance ratio and a transmission
luminance ratio, so that a deterioration in display quality can
be prevented.

[0202] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

[0203] As described earlier, a liquid crystal display device
ofthe present invention including a liquid crystal panel and a
backlight which is provided with a plurality of light sources
that emit light of different colors from a backside of the liquid
crystal panel, the liquid crystal display device, in accordance
with a frame of a video signal supplied thereto, (i) displaying
a color image by controlling an aperture ratio of the liquid
crystal panel and luminances of the respective plurality of
light sources, and (ii) controlling the luminances of the
respective plurality of light sources by pulse width modula-
tion, the liquid crystal display device includes: period divid-
ing means for dividing a frame of the video signal into a
plurality of periods; and a pulse width modulating section
which generates a pulse signal for causing each of the plural-
ity of light sources to emit light so that for each of the plurality
of periods into which the period dividing means has divided
the frame, the plurality of light sources emit light while over-
lapping with each other.

[0204] In order to attain the object, a liquid crystal display
method of the present invention in which in accordance with
a video signal supplied to a liquid crystal display device
including a liquid crystal panel and a backlight which is
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provided with a plurality of light sources that emit light of
different colors from a backside of the liquid crystal panel, (i)
a color image is displayed by controlling an aperture ratio of
the liquid crystal panel and luminances of the respective
plurality of light sources, and (ii) the luminances of the
respective plurality of light sources are controlled by pulse
width modulation, the liquid crystal display method includes
the steps of: (a) dividing a frame of the video signal into a
plurality of periods; and (b) generating a pulse signal for
causing each of the plurality of light sources to emit light so
that for each of the plurality of periods into which the frame
has been divided in the step (a), the plurality of light sources
emit light while overlapping with each other.

[0205] According to the arrangement mentioned above, the
period dividing means divides a frame into a plurality of
periods. The pulse width modulating section generates a
pulse signal for causing each of the plurality of light sources
to emit light for each of the periods into which the frame has
been divided by the dividing means. As described earlier,
even if an aperture ratio of the liquid crystal panel varies in the
frame, division, into a plurality of periods, of a period in
which a light source emits light in one (1) frame can reduce a
variation between (i) a ratio (predetermined luminance ratio)
among luminances (predetermined luminances) of respective
light sources for displaying a color image and (ii) a ratio
(transmission luminance ratio) among luminances (transmis-
sion luminances) of respective light sources which have been
actually transmitted through the liquid crystal panel 4.

[0206] According to the arrangement mentioned above, the
pulse width modulating section generates a pulse signal for
causing each of the plurality of light sources to emit light so
that for each of the plurality of periods into which the period
dividing means has divided the frame, the plurality of light
sources emit light while overlapping with each other. Accord-
ing to this, colors of light emitted from the respective plurality
of light sources are mixed for each of the plurality of periods
of the frame. Therefore, even if an aperture ratio of the liquid
crystal panel varies in the frame, a variation between a pre-
determined luminance ratio and transmission luminance ratio
can be reduced.

[0207] Furthermore, according to the arrangement men-
tioned above, colors of light emitted from the respective light
sources are mixed for each of the plurality of periods of the
frame. Therefore, a variation between a predetermined lumi-
nance ratio and a transmission luminance ratio can be reduced
also in a different frame.

[0208] As described earlier, the arrangement mentioned
above allows a reduction in variation between a predeter-
mined luminance ratio and a transmission luminance ratio, so
that a deterioration in display quality can be prevented.

[0209] It is preferable that in a period of the plurality of
periods into which the frame has been divided, the period
being adjacent to another at least one frame, the pulse width
modulating section generate the pulse signal so as to turn off
all the plurality of light sources.

[0210] According to the arrangement mentioned above, a
black image is displayed in a period of the plurality of periods
into which the frame has been divided, the period being
adjacent to another at least one frame. This enables preven-
tion, between frames, of mixing of colors of light transmitted
through the liquid crystal panel, so that a display quality can
be improved.
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[0211] It is preferable that the plurality of light sources of
the backlight be controlled to emit light separately in each
region.

[0212] The arrangement allows a reduction in difference in
responsiveness in the liquid crystal panel, the difference
occurring while an image is being displayed in the frame.
Therefore, in order to display a color image, it is possible to
reduce a time required for turning on the plurality of light
sources. According to this, it is unnecessary to cause a light
source to emit light continuously in all the plurality of periods
ofthe frame. Therefore, all of the plurality of light sources can
be turned off more securely in a period of the plurality of
periods of the frame, the period being adjacent to another at
least one frame.

[0213] Accordingly, it is more securely possible to prevent,
between frames, mixing of colors of light transmitted through
the liquid crystal panel, so that a display quality can be
improved.

[0214] It is preferable that the different colors of the light
emitted from the plurality of light sources be red, green and
blue provided that the different colors are used for a color
display. Alternatively, it is preferable that the different colors
of the light emitted from the plurality of light sources be
yellow, cyan, and magenta. According to the arrangement, the
light emitted from the respective plurality of light sources
enables a color image to be displayed.

[0215] It is preferable that the plurality of sources be light
emitting diodes (LEDs). According to this, a luminance can
be controlled by pulse width modulation.

[0216] The present invention is particularly applicable to a
liquid crystal display device which carries out a color display
by use of a field sequential method.

1. A liquid crystal display device including a liquid crystal
panel and a backlight which is provided with a plurality of
light sources that emit light of different colors from a back-
side of the liquid crystal panel,

the liquid crystal display device, in accordance with a

video signal supplied thereto, (i) displaying a color
image by controlling an aperture ratio of the liquid crys-
tal panel and luminances of the respective plurality of
light sources, and (ii) controlling the luminances of the
respective plurality of light sources by pulse width
modulation,
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said liquid crystal display device comprising:

period dividing means for dividing a frame of the video

signal into a plurality of periods; and

a pulse width modulating section which generates a pulse

signal for causing each of the plurality of light sources to
emit light so that for each of the plurality of periods into
which the period dividing means has divided the frame,
the plurality of light sources emit light while overlap-
ping with each other.

2. The liquid crystal display device as set forth in claim 1,
wherein in a period of the plurality of periods into which the
frame has been divided, the period being adjacent to another
at least one frame, the pulse width modulating section gener-
ates the pulse signal so as to turn off all the plurality of light
sources.

3. The liquid crystal display device as set forth in claim 1,
wherein the plurality of light sources of the backlight are
controlled to emit light separately for each region.

4. The liquid crystal display device as set forth in claim 1,
wherein the different colors of the light emitted from the
plurality of light sources are red, green, and blue.

5. The liquid crystal display device as set forth in claim 1,
wherein the different colors of the light emitted from the
plurality of light sources are yellow, cyan, and magenta.

6. The liquid crystal display device as set forth in claim 1,
wherein the plurality of light sources are light emitting
diodes.

7. A liquid crystal display method in which in accordance
with a video signal supplied to a liquid crystal display device
including a liquid crystal panel and a backlight which is
provided with a plurality of light sources that emit light of
different colors from a backside of the liquid crystal panel, (i)
a color image is displayed by controlling an aperture ratio of
the liquid crystal panel and luminances of the respective
plurality of light sources, and (ii) the luminances of the
respective plurality of light sources are controlled by pulse
width modulation,

said liquid crystal display method comprising the steps of:

(a) dividing a frame of the video signal into a plurality of

periods; and

(b) generating a pulse signal for causing each of the plu-

rality of light sources to emit light so that for each of the
plurality of periods into which the frame has been
divided in the step (a), the plurality of light sources emit
light while overlapping with each other.
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