US 20120105515A1

12) Patent Application Publication (o) Pub. No.: US 2012/0105515 Al

a9y United States

Iwasaki et al,

(43) Pub, Date: May 3, 2012

(54) LIQUID CRYSTAL DISPLAY DEVICE
(75) Inventors: Kohji Iwasaki, Osaka (JP);
Motoyuki Oniki, Osaka (JP)
(73)  Assignee: SHARP KABUSHIKI KAISHA,
Osaka-shi, Osaka (JP)
(21) Appl. No.: 13/382,857
(22) PCT Filed: Jul. 6, 2010
(86) PCT No.: PCT/IP2010/061450
§371 (e)(D)
(2), (4) Date: Jan. 6, 2012
(30) Foreign Application Priority Data
Jul.7,2009  (JP) oo 2009-160780
Jul.5,2010  (JP) oo 2010-153312

Publication Classification

(51) Int.CL
G09G 3/36 (2006.01)
G09G 5/10 (2006.01)
CZ R AT ¢l R 345/691; 345/102
(57) ABSTRACT

In an LCD device, picture quality luminance is controlled
through the combination of pulse-width modulation (PWM)
system and current value control system, reducing the elec-
trical power consumption associated with turning onan LED.
In the LED backlight, the light emitting luminance of the
LED is controlled by both PWM and also by current value
control, which selects the value of the current supplied to the
LED from a plurality of set values. At least one of the plurality
of set values is a predetermined current value at which duty
reaches a maximum value at the maximum luminance value
used in a specified picture quality mode of the picture quality
modes established in the liquid crystal display device. In the
aforementioned specified picture quality mode, the greatest
luminance value to be used is smaller than at least the greatest
luminance value used in other specified picture quality
modes.
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FIG.5
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FIG.7
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FIG.8
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device provided with a liquid crystal panel and a light source
of a light-emitting diode for irradiating the liquid crystal
panel.

BACKGROUND OF THE INVENTION

[0002] Inrecentyears, energy saving has been given impor-
tance, and also in a liquid crystal display device (Liquid
Crystal Display) having a liquid crystal panel, reduction in
power consumption has been an important theme.

[0003] Furthermore, a commercial product using a light
source of a light-emitting diode (LED) as a backlight in a
liquid crystal display device has been sold.

[0004] A light emission luminance adjustment system of
the LED backlight includes a Pulse Width Modulation
(PWM) system and a current value control system. Since the
PWM system is for performing time control, control thereby
is highly accurate and fine control is able to be performed. On
the other hand, the current value control system is higher in
power efficiency than the PWM system, however, is not suit-
able for fine control, thereby performs stepwise control since
a control width is not able to be finer as the PWM system, and
correction is needed in the case of performing linear control.
[0005] Patent document 1 discloses a liquid crystal display
device provided with a backlight driving portion for supply-
ing R, Gand B driving currents and R. G and B PWM signals
to an LED backlight portion and for controlling light emis-
sion luminance and chromaticity of each of R, G and B
backlights, and a timing controller for controlling an opera-
tion of a scan driver, a source driver and the backlight driving
portion.

RELATED ART DOCUMENTS
Patent Documents

[0006] [Patent document 1] Japanese Laid-Open Patent
Publication No. 2006-235565

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0007] However, in the conventional LED backlight includ-
ing the technology described in the patent document 1, only
the luminance control by the PWM system and the luminance
control by the current value control system are able to be
performed. Therefore, it has not been considered, in the case
of being incorporated as a product to actually display an
image, that specifically how both of these are combined to
preferably perform luminance control for providing a picture
quality suitable for viewing as well as for preferably reducing
power consumption. It is thus required a specific mechanism
of how the combination be made in the case of including both
the luminance control to a product.

[0008] The present invention has been made in view of the
above-described circumstance, and aims to reduce power
consumption concerning lighting of an LED when control on
luminance according to a picture quality is performed by
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combining a PWM system and a current value control system
in a liquid crystal display device provided with a backlight
light source of an LED.

Means for Solving the Problem

[0009] To solve the problems, a first technical means of one
aspect of the present invention is a liquid crystal display
device having a liquid crystal panel for displaying an input
video signal, a light source of a light-emitting diode for irra-
diating the liquid crystal panel, and a light emission lumi-
nance control portion for controlling light emission lumi-
nance of the light-emitting diode, wherein, the light emission
luminance control portion controls the light emission lumi-
nance of the light-emitting diode with both a Pulse Width
Modulation system in which duty indicating a lighting time
per cycle in a pulse to turn on/off the light-emitting diode is
changed, and a current value control system in which a value
of acurrent to be flowed to the light-emitting diode is selected
from among a plurality of setting values, at least one among
the plurality of setting values is a predetermined current value
which the duty becomes a maximum value at a maximum
luminance value used in a specific picture quality mode
among picture quality modes set in the liquid crystal display
device, and the specific picture quality mode is a picture
quality mode in which the maximum luminance value to be
used is at least smaller than amaximum luminance value to be
used in another specific picture quality mode.

[0010] A second technical means is the liquid crystal dis-
play device as defined in the first technical means, wherein the
specific picture quality mode is a picture quality mode which
is provided as a mode most frequently used by a user.
[0011] A third technical means is the liquid crystal display
device as defined in the first or second technical means,
wherein during an operation in the specific picture quality
mode, the light emission luminance control portion performs
control by using a current value to be used in the another
specific picture quality mode when there is a need to change
a luminance value to one exceeding the maximum luminance
value.

[0012] A fourthtechnical means is the liquid crystal display
device as defined in the third technical means, wherein during
an operation in the another specific picture quality mode, the
light emission luminance control portion performs control by
using a current value to be used in the specific picture quality
mode when there is a need to change a luminance value to one
less than the maximum luminance value.

[0013] A fifth technical means is the liquid crystal display
device as defined in the third or fourth technical means,
wherein when changing a current value, the light emission
luminance control portion changes the current value and the
duty concurrently and gradually.

Effects of the Invention

[0014] According to the present invention, in a liquid crys-
tal display device provided with a backlight light source of an
LED, by combining a PWM system and a current value con-
trol system, power consumption is able to be reduced by
lighting an LED efficiently according to a picture quality
mode.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a block diagram showing a schematic
configuration example of a liquid crystal display device
according to the present invention.
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[0016] FIG. 2 is a block diagram showing a configuration
example of a part related to an LED backlight in the liquid
crystal display device of FIG. 1.

[0017] FIG. 3 is a diagram showing an example of a PWM
Duty table in the LED backlight of FIG. 2.

[0018] FIG. 4 is a diagram showing an example of an LED
current table in the LED backlight of FIG. 2.

[0019] FIG. 5is a diagram for explaining an example of a
light emission luminance control method in a standard mode
in the LED backlight of FIG. 2, and the diagram showing an
example of a relation between a PWM-Duty in the standard
mode using the tables in FIG. 3 and FIG. 4, a maximum
current and luminance in an LED current control circuit of
FIG. 2.

[0020] FIG. 6 is a diagram showing an example of a char-
acteristic of forward voltage-forward current and a character-
istic of forward current-relative luminous flux in an LED.
[0021] FIG. 7is a diagram for explaining another example
of the light emission luminance control method in the LED
backlight of FIG. 2.

[0022] FIG. 8is a diagram for explaining another example
of the light emission luminance control method in the LED
backlight of F1G. 2.

[0023] FIG.9is a diagram for explaining another example
of the light emission luminance control method in the LED
backlight of F1G. 2.

[0024] FIG.101s adiagram for explaining another example
of the PWM Duty table in the LED backlight of FIG. 2.
[0025] FIG. 11 is a diagram showing an arrangement
example of a backlight applicable to the liquid crystal display
device of the present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0026] FIG. 1 is a block diagram showing a schematic
configuration example of a liquid crystal display device
according to the present invention. A liquid crystal display
device 11s provided with, in addition to an LED backlight 10,
a tuner portion 11, an operation portion 12, a video signal
processing portion 13, a main control portion 14, an LED
driving portion 15, an external light illuminance detection
portion 16, a liquid crystal control portion 17, and a liquid
crystal panel 18.

[0027] The main control portion 14 directly or indirectly
controls whole portions inside the liquid crystal display
device 1including the video signal processing portion 13, the
LED driving portion 15 and the like. Among them, a part for
controlling the LED driving portion 15 is described as an
LED control portion 14a. Additionally, the control portion12,
as long as capable of receiving a user operation and transmit-
ting content of the operation to the main control portion 14,
may be composed of a main body operation portion provided
on a main body of the liquid crystal display device 1 as a
button or the like, and a receiving portion for receiving an
operation signal from an attached remote controller. Of
course, as the operation portion 12, either one of the main
body operation portion or the receiving portion only may be
provided.

[0028] The tuner portion 11 is connected to an antenna
input terminal of an antenna for receiving broadcast wave,
demodulates the broadcast wave input from the antenna input
terminal to be output to the video signal processing portion
13. The video signal processing portion 13 performs various
signal conversion processing for displaying the video signal
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input from the tuner portion 11 on the liquid crystal panel 18.
The tuner portion 11 or the like is provided so that the liquid
crystal display device is able to be configured as a liquid
crystal television device.

[0029] Furthermore, some liquid crystal display devices 1
include an output mode in which a state of a video picture or
soundisableto be set to a state desired by a user. For example,
a television device is an example thereof. The output mode
may be also referred to as an AV position, and may be also
referred to as a picture quality mode since a picture quality is
changed for each output mode.

[0030] As the output mode described above, for example, a
“standard mode”, a “dynamic mode”, a “game mode”, a “PC
mode”, an “AV memory mode”, a “movie mode” and the like
are set.

[0031] The “standard mode” is a mode showing a setting of
the picture quality/sound is a standard value. Further, in the
“dynamic mode”, sport programs or the like are able to be
viewed as one with full of impact with the clear and vivid
video picture. The dynamic mode may be used as a demon-
stration mode (also referred to as shop front mode) for giving
publicity to a feature of the device at a shop front of a dealer,
for example. Usually, the dynamic modeis executed with best
picture quality and brightness prepared for the video picture
display device.

[0032] Furthermore, the “game mode™ is a mode in which a
video picture of a video game or the like is displayed in an
eye-friendly manner by suppressing the brightness, and the
“PC mode” is a screen mode for a PC. Additionally, the “AV
memory mode” is a mode in which arbitrary adjustment con-
tent is able to be stored for each input. The “movie mode” is
a mode in which a signal included in a movie source is
extracted as it is and reproduced faithfully to a luminance
characteristic and a color characteristic so as to express film
feeling.

[0033] The liquid crystal display device 1 according to the
present invention has a plurality of picture quality modes such
as the illustrated output modes, and it is possible to select one
picture quality mode among them. The selection of the pic-
ture quality mode may be performed with a selection opera-
tion by a user from the operation portion 12, however, may
also be performed automatically based on a result of discrimi-
nation performed with types and features of the video picture
shown by the video signal in the video signal processing
portion 13 or the like.

[0034] Inthevideo signal processing portion 13, then, vari-
ous video processing in conformity to the selected picture
quality mode is performed and output to the liquid crystal
control portion 17.

[0035] The liquid crystal control portion 17 performs con-
trol to write a video signal output from the video signal
processing portion 13 sequentially from an upper most line of
the liquid crystal panel 18. On the liquid crystal panel 18, a
vertical scanning for writing and updating a sequential scan-
ning video signal is performed. The written video signal is
held for an amount of one frame. By such writing, a video
picture shown by the input video signal is displayed on the
liquid crystal panel 18. At the time, the video picture is dis-
played in the picture quality of the selected picture quality
mode.

[0036] The liquid crystal panel 18 is a non-self-luminous
type panel, and in the liquid crystal display device 1, a light
source is provided for irradiating with light from backside
thereof for visual recognition of the displayed video picture.
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In the liquid crystal display device 1 according to the present
invention, an LED backlight 10 is provided as the light
source.

[0037] The external light illuminance detection portion 16
is comprised of an OPC (Optical Picture Control) sensor (also
referred to as brightness sensor) for detecting illuminance of
external light around the liquid crystal display device 1 and
the like. Depending on the illuminance of the external light
around the liquid crystal display device 1 detected by the OPC
sensor, it is possible to increase or decrease light emission
luminance in the LED of the LED backlight 10. Of course, the
liquid crystal display device 1 may not be provided with the
external light illuminance detection portion 16.

[0038] Themain control portion 14 transmits a light modu-
lation control signal and a mode switching signal to an LED
control portion 14a inside thereof so that the LED control
portion 144 controls light emission of the LED backlight 10
through the LED driving portion 15.

[0039] Thelight modulation control signal is generated as a
signal showing a light modulation setting value based on a
result of an operation of brightness adjustment (light modu-
lation operation) by the operation portion 12 or a detection
result by the external light illuminance detection portion 16.
Moreover, the mode switching signal is a signal showing a
picture quality mode after being switched. That is, a signal
showing a mode according to the mode switching (selection)
operation by a user in the operation portion 12, a signal
showing a picture quality mode that is automatically deter-
mined based on the video picture by discrimination pet-
formed with types and features of the video picture shown by
the video signal or the like corresponds to the mode switching
signal.

[0040] Next, a configuration example and a control
example of the LED backlight 10 will be described with
reference to FIG. 2 to FIG. 6. FIG. 2 is a block diagram
showing a configuration example of a part related to the LED
backlight in the liquid crystal display device of FIG. 1. In
addition, FIG. 3 and FIG. 4 are diagrams respectively show-
ing an example of a PWM Duty table and an LED current
table in the LED backlight of FIG. 2. Furthermore, FIG. 5 is
a diagram for explaining an example of a light emission
luminance control method in the standard mode in the LED
backlight of F1G. 2.

[0041] A part related to the LED backlight illustrated in
FIG. 2 is composed of the light emission luminance control
portion and the LED backlight (referred to as backlight por-
tion) 10 having an LED 41. The light emission luminance
control portion is comprised of the LED control portion 14a
and the LED driving portion 15.

[0042] The LED control portion 14a controls the light
emission luminance of the LED 41 with both the Pulse Width
Modulation (PWM) system and the current value control
system. The PWM system is the system in which duty indi-
cating a lighting time per cycle in a pulse to turn on/off the
LED 41 (hereinafter, referred to as lighting duty) is changed.
Here, in a case where a cycle of lighting/lighting out the LED
41 is T, and a lighting term in a cycle is T, lighting duty D is
thus able to be represented by D=t/T. Note that, the lighting
duty may be referred to as a duty ratio.

[0043] The current value control system is the system in
whicha value of a current to be flowed to the LED 41 (forward
direction current value) is selected from among a plurality of
setting values. Note that, the setting value may also be defined
with a voltage value for obtaining the current value.
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[0044] Then, in the present invention, at least one among
the plurality of setting values is a predetermined current value
with lighting duty becoming a maximum value at a maximum
luminance value for use in a specific picture quality mode
among picture quality modes set in the liquid crystal display
device 1 (a maximum luminance value which is defined by a
designer to normally use in a specific picture quality mode).
That is, in the specific picture quality mode, from the mini-
mum luminance value which is set in advance to the maxi-
mum luminance value described above, the lighting duty may
be controlled to gradually increase from the minimum value
(the minimum value of the lighting duty for outputting a
minimum luminance value at the predetermined current value
described above) to the maximum value using the predeter-
mined current value. Hereinafter, although a case where the
lighting duty is 100% as the maximum value described above
is taken as an example and explained, any value that is deter-
mined as the maximum value of the lighting duty for use in the
liquid crystal display device 1 is available.

[0045] Here, the above-described specific picture quality
mode is a picture quality mode in which the maximum lumi-
nance value for use is at least smaller than a maximum lumi-
nance value for use in another specific picture quality mode.
That is, in the liquid crystal display device 1, adding to the
above-described specific picture quality mode, a picture qual-
ity mode 1s settable in which a maximum luminance value for
use is different and the maximum luminance value for use is
larger. The larger picture quality mode corresponds to the
dynamic mode in the above-described example. Namely, the
above-described specific picture quality mode is not the
dynamic mode. Of course, it is preferable to perform such
control in the dynamic mode also, namely, control at a current
value at which the lighting duty becomes 100% at the maxi-
mum luminance value for use.

[0046] Itispreferable that the above-described specific pic-
ture quality mode is a picture quality mode which is set as a
mode most frequently used by a user. Such picture quality
mode corresponds to the standard mode in the above-de-
scribed example. Hereinafter, although a case where the stan-
dard mode 1s employed as the above-described specific pic-
ture quality mode is taken as an example and explained, a case
of employing another picture quality mode also applies.
[0047] A configuration example ofthe LED control portion
14a for performing such control will be described. The LED
control portion 14a is provided with a light modulation con-
trol circuit 23, a PWM signal generation circuit 24 and an
LED current control circuit 25. The LED control portion 14a
further includes a memory for storing a PWM Duty table 21
and an LED current table 22.

[0048] The PWM Duty table 21 includes a plurality of
tables asillustrated as a Duty table aand a Duty table b in FIG.
3. Then, in each table, a light modulation setting value (cor-
responding to a value changed in user light modulation or
OPC light modulation), a luminance ratio in the case of pet-
forming light modulation with each light modulation setting
value, and lighting duty are related to each other.

[0049] As illustrated in FIG. 4, inthe LED current table 22,
a current value for use in each picture quality mode is
described, and a Duty table for use in each picture quality
mode is further described. In this example, it is described that
in the dynamic mode, lighting duty is controlled according to
the Duty table a using I1 as the current value, and that in the
standard mode, lighting duty is controlled according to the
Duty table b using 12 (I2<I1) as the current value.
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[0050] Thelight modulation control circuit 23 determines a
current value and a PWM Duty table for use in control by the
mode indicated by the mode switching signal (or a latest
mode switching signal) with reference to the LED current
table 22. Further, the light modulation control circuit 23
determines lighting duty for use in control from the light
modulation setting value indicated by the light modulation
control signal with reference to a PWM Duty table which is
determined (table a or table b in this example) from among the
PWM Duty table 21.

[0051] The light modulation control circuit 23 outputs thus
determined lighting duty to the PWM signal generation cit-
cuit 24 outputs the determined current value to the LED
current control circuit 25. Note that, the PWM Duty table 21
and the LED current table 22 are not limited to the description
form shown in FIG. 3 and FIG. 4, and it is controllable in the
light modulation control circuit 23 even with one table, for
example, as long as lighting duty for each current value and
light modulation setting value (or luminance ratio) is defined
for each picture quality mode. Moreover, although an
example of storing each table 21, 22 in the memory is given,
it is not limited thereto, and in the light modulation control
circuit 23, a circuit may be employed in which a current value
and lighting duty corresponding to a value shown in each
table 21, 22 are determined based on the input light modula-
tion control signal and the mode switching signal.

[0052] The PWM signal generation circuit 24 generates a
pulse signal according to the input lighting duty to be output
to the LED driving portion 15. The LED current control
circuit 25 generates a current control signal for controlling a
current to be the input current value to be output to the LED
driving portion 15.

[0053] The LED driving portion 15 includes an LED volt-
age generation circuit 31 and an LED driver 32. The LED
driver 32 outputs a signal to generate an LED driving voltage
according to a required LED current based on the current
control signal input from the LED current control circuit 25.
The LED voltage generation circuit 31 outputs the driving
voltage to the LED 41 according to the input signal. Whereas
the LED driver 32 outputs the pulse signal input from the
PWM signal generation circuit 24 to the LED 41. Thereby, to
the LED 41, a current at the current value determined in the
light modulation control circuit 23 is applied according to the
PWM signal with a pulse width of the lighting duty deter-
mined in the light modulation control circuit 23, so as to be
lighted/lighted out.

[0054] In this way, the LED control portion 14a drives the
LED driving portion 15 with reference to the value of each
table 21, 22 based on the light modulation control signal and
the mode switching signal, and the LED driving portion 15
drives the LED 41.

[0055] Then, in the present invention, a current value at
which the lighting duty is 100% at the point of the maximum
luminance value (luminance ratio is 60% in this example) for
use in the standard mode is included as one setting value. The
current value is one illustrated as 12 in the LED current table
22 of FIG. 4.

[0056] Inthe case of driving at the current value 12, then, the
table b in the PWM Duty table 21 of FIG. 3 is used. As the
result, in the case of controlling by the light modulation
control circuit 23 according to the light modulation control
signal and when the control is performed with the luminance
ratio of 60% (corresponding to +0 of light modulation setting
value in this case) or less, the lighting duty is determined
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according to a relation shown by a straight line 51a in a graph
50 of FIG. 5. In this manner, it is possible to control the LED
to emit light with the luminance indicated by the straight line
52 (the luminance ratio of 60% or less, however).

[0057] That is, in the standard mode, the current value 12 is
being fixed, and it is controlled to increase the lighting duty
toward 100% as the light modulation setting value increases
according to the relation indicated by the straight line 51a.
[0058] Note that, the graph 50 of FIG. 5 shows an example
of a relation between the PWM Duty in the standard mode
using the tables of FIG. 3 and FIG. 4, the maximum current
and the luminance in the LED current control circuit 25 of
FIG. 2. Here, the current value 12 is indicated by the straight
line 53a in the graph 50. Further, in the graph 50, the current
is not marked with a scale so that only a changing state is
shown, and the current value shown in the graph 50 indicates
the maximum current value that is able to be flowed in the
LED when the lighting duty is 100%. These points are the
same in each graph in FIG. 7 to FIG. 9 described below.
[0059] Next, it will be briefly described with reference to
FIG. 6 that it is possible to improve by the control illustrated
in FIG. 5 an efficiency of the backlight light emission so as to
reduce power consumption. FI1G. 6 (A) is a diagram showing
an example of a characteristic of forward voltage-forward
current in an LED, and FIG. 6 (B) is a diagram showing an
example of a characteristic of forward current-relative lumi-
nous flux in an LED. Here, similarly, the example is given in
which the standard mode is employed as the above-described
specific picture quality mode.

[0060] As the characteristic shown in FIG. 6 (B), the rela-
tion between the forward current flowing in an LED and the
relative luminous flux (brightness) is expressed as a function
of convex upward, and the luminous efficiency is deteriorated
with an increase of the forward current. For example, in the
case of being at 100 mA, the relative luminous flux is 1.4,
however, in the case of being twice its amount, which is at 200
mA, the relative luminous flux is 2.0 which is less than twice
its amount.

[0061] Here, the PWM control is not assumed, and that is,
in FIG. 6 (B), the characteristic when the lighting duty is
100% is shown, and when the lighting duty is made to be 50%
with the same current value, for example, the brightness
becomes almost half of that in the case of lighting duty of
100%. For example, when the relative luminous flux during
driving at 100 mA, 100% is 1.4, the relative luminous flux
during driving at 100 mA, 50% is about 0.7.

[0062] Since the forward current, the lighting duty and the
brightness are in such a relation, when power consumption is
compared between a case where light emission is performed
with a predetermined current value and lighting duty of N %
(<100%), and a case where light emission is performed with
aless current value and the lighting duty of 100% in order to
obtain the same brightness (luminance), the power consump-
tion becomes lower in the case of performing light emission
with the decreased current value and the lighting duty of
100%. This is because that the forward voltage and the for-
ward current are in such a relation illustrated as the charac-
teristic of forward voltage-forward current in FIG. 6 (A), and
the forward direction voltage of the LED is thereby decreased
by the decreased amount of the current value, resulting in a
decrease in a required power source voltage value.

[0063] The above will be described in a more specific
example. In the case of the PWM control, for example, when
being at 200 mA and the lighting duty of 100%, the brightness
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is 2.0, and in orderto turn the brightness to 1.4, at 200 mA, the
lighting duty may be turned to 70%. Instead, the current value
may be changed to 100 mA with the lighting duty of 100%.
Description will be given for that either one has less power
consumption. In FIG. 6(A), itis 3.5 V in the case of being at
200mA, and 3.0V in the case of being at 100 mA. Therefore,
in the case of being at 200 mA with the lighting duty of 70%,
200 mAx3.5 Vx70%=490 mW, whereas in the case of being
at 100 mA with the lighting duty of 100%, 100 mAx3.0
Vx100%=300 mW. Therefore, the power consumption is
lower in the case of being at 100 mA with the lighting duty of
100%. In this manner, for obtaining the same brightness, the
power consumption becomes lower in the case of performing
light emission with the decreased current value and the light-
ing duty of 100%.

[0064] Having described with reference to the graph 50 in
FIG. 5, and in the case of driving in the standard mode with
the relation indicated by a straight line 51¢ kept being
extended to a darker side, the required current value (I1) is, as
indicated by a straight line 53¢ in the graph 50, larger than the
current value 12 (current value corresponding to the straight
line 53a) in the case of driving with the relation indicated by
the straight line 514, and the voltage which is required to flow
the current value I1 also becomes larger. Therefore, in the
present invention, control is performed in the standard mode
using the current value 12 that is smaller than the current value
11, and instead, the lighting duty is increased compared with
the case of driving at the current value I1. The current value 12
then becomes the current value for performing light emission
at the maximum luminance value for use in the standard mode
with the lighting duty of 100%.

[0065] In this manner, in the standard mode, the current
value is set so that the lighting duty is 100% at the maximum
luminance value for use in the standard mode, and the power
consumption in the standard mode is thus able to be lowered.
Accordingly, with the liquid crystal display device 1 of the
present invention, at the time of controlling the luminance to
be one which is corresponding to the picture quality by com-
bining the PWM system and the current value control system,
the power consumption needed in lighting the LED is able to
be reduced. Furthermore, since control such as that lumi-
nance is dropped in order to lower the power consumption is
not performed, energy saving is thus able to be realized with-
out causing a user to feel a sense of discomfort or presenting
inconvenience.

[0066] Next, a preferred control example of the LED con-
trol portion 14a will be described with reference to FIG. 5
again. During an operation in the above-described specific
picture quality mode, when there is a need to change a lumi-
nance value to one exceeding the above-described maximum
luminance value (corresponding to luminance ratio of 60% in
the example of FIG. 5) (namely, in the case of being impos-
sible to handle with the current value), the LED control por-
tion 14a performs control using a current value which is for
use in another specific picture quality mode (higher current
value). It is assumed to be possible to handle the changing
with the high current value. Of course, not only the high
current value, but also a value of lighting duty for a light
modulation setting value for use in the “another specific
mode” is also used to perform control. At this time, video
processing in the video signal processing portion 13 may be
performed so as to be matched with the picture quality mode
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as it is, and only the luminance control may be performed so
as to be operated in the above-described another specific
picture quality mode.

[0067] In FIG. 5, the dynamic mode is taken as another
specific picture quality mode described above, however it is
not limited thereto. The current value I1 for use in the
dynamic mode is higher than the current value 12, and when
the brightness is increased to be larger so as to exceed the
current ratio of 60%, as understood by a transition from the
straight line 51a to the straight line 51¢ and a dotted line in the
table 21 of FIG. 3, the lighting duty is lowered once and the
lighting duty becomes 100% at the luminance ratio of 100%.
In this manner, it is possible to control an LED to perform
light emission with the luminance indicated by the straight
line 52 (note that, here, because description is given by ignor-
ing the straight line 515 described below, the luminance ratio
of 60% to about 65% is excluded).

[0068] In this manner, even though the standard mode is
used, for example, there is a case where exceeding the maxi-
mum luminance set in the standard mode is required depend-
ing on the user light modulation operation by the operation
portion 12 or a detection result by the external light illumi-
nance detection portion 16, and in such a case, by using the
current value in the dynamic mode, the luminance is able to be
increased without causing a user to feel a sense of discomfort.

[0069] Additionally, such control may be executed not only
among the standard mode and the dynamic mode, but also in
another picture quality mode at the same time. Thereby, for
example, when a picture quality mode with the lighting duty
of 100% at a luminance ratio of 40%, the standard mode, and
the dynamic mode are settable in the liquid crystal display
device 1, control thereof is able to be performed in such a
relation that there occurs three times a peak (100%) of the
lighting duty with an increase of the brightness according to
the user light modulation or the like. In this manner, the
lighting duty may be controlled to have a peak (lighting duty
of 100%) of n-times which is three times or more and the
current value may be switched in n-steps.

[0070] Next, the straight lines 515 and 535 in the graph 50
of FIG. 5 will be described. The straight line 515 1s the straight
line connecting a discontinuous area (luminance ratio of 60%
to 65% in this example) between the straight line 51a and the
straight line 51¢. Further, the current value may be calculated
in advance from the lighting duty indicated by the straight line
515, and a current value of the discontinuous area described
above is indicated by the straight line 535. In this way, the
lighting duty and the current value are prepared also for the
part of the straight line 515, and even in the case where light
emission is required to be performed with any of the lumi-
nance indicated by the straight line 52 due to the user light
modulation or the like, it is possible to handle the case.

[0071] Moreover, when changing a current value, it is pref-
erable for the LED control portion 14a in FIG. 2 to change the
current value and the lighting duty concurrently and gradu-
ally. At this time, the lighting duty and the current value may
be switched or the like concurrently with an interval of, for
example, about 0.5 second. By such switching, it is possible
to reduce a sense of discomfort to be given to a user. An
amount of the current value in switching may be changed, for
example, by 1 mA per each vertical scanning term (16 ms, for
example), and in such a case, assuming that [1=I2+20 mA, for
example, and when switching from 12 to I1, it is performed in
about 20 vertical scanning terms. Specifically, an image is
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changed for each vertical scanning term in a television device,
thereby it is preferable to perform switching in this unit.

[0072] Further, it is preferable for the LED control portion
14a to perform control using a current value for use in the
above-described specific picture quality mode, when there is
a need to change a luminance value to one less than the
maximum luminance value (maximum luminance value for
use in the above-described specific picture quality mode)
during an operation in the above-described another specific
picture quality mode.

[0073] Having illustrated in the dynamic mode and the
standard mode, it is preferable to perform control with the
lighting duty (and the current value described at the same
time) in such relation as the straight line 51¢, or the straight
line 51a in FIG. 5 even in the case of the dynamic mode.
Thereby, even during an operation in the dynamic mode,
compared with a case where control is performed so that the
straight line 51¢ is extended without any change even in the
case of less than a certain value (luminance ratio of 65%, for
example), power saving is able to be realized with less than
the value (luminance ratio of 65%, for example).

[0074] Furthermore, in this case also, when the current
value is changed, the current value and the lighting duty are
preferable to be changed concurrently and gradually. More-
over, in this example also, the lighting duty may be controlled
to have a peak (lighting duty of 100%) of n-times which is
three times or more, and roughly speaking (described except
a scene in which gradual change is performed), the current
value may be switched in n-steps.

[0075] Next, for various examples of control patterns in the
light emission luminance control which are applicable in the
LED backlight of FIG. 2 will be described with reference to
FIG. 5 and FIG. 7 to FIG. 9. In any of FIG. 7 to FIG. 9, a
relation between PWM-Duty, the maximum current and the
luminance is shown.

[0076] Inthe LED, the lower the current value, the more the
power-luminance efficiency is improved. Further, in the case
of a white LED, a color tone is slightly changed due to the
current value. It may be determined what kind of control
pattern is employed in consideration of these points. For
example, the control pattern may be determined for each
model to be mounted or for each picture quality mode.

[0077] For example, the light emission luminance control
method described in FIG. 5 is an example of a control pattern
in which the current value (maximum current value in LED
current control circuit 25 of FIG. 2) is changed in several
steps, and lighting duty (lighting duty of PWM control in
PWM signal generation circuit 24 of FIG. 2) is changed
linearly. Such a control pattern is effective in the case where
the current switching can be performed only in a stepwise
manner. Compared with the case where the current value is
fixed to the maximum, it is possible to suppress the power
consumption in a part of low luminance.

[0078] Inthe graph 50 of FIG. 5, the part of the straight line
535 corresponds to a transition part, and a change point in the
current value is thus substantially one point. Therefore, a
change point in the color tone is only one point. In this way,
the change point in the current value in the control pattern
becomes evident as the change point in the color tone.

[0079] Accordingly, it is preferable to set the change point
to pass in a limited scene such as user adjustment not during
a period in which a user is viewing content. Furthermore, the
current value is significantly changed in the current value
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switching part, and it is thus difficult to perform timing con-
trol of the lighting duty and the current.

[0080] In a control pattern shown in a graph 70 of FIG. 7,
the lighting duty is changed linearly as indicated by a straight
line 71, while the current value is changed linearly as indi-
cated by a straight line 73 so that a luminance value is changed
linearly as indicated by a straight line 72. In such a control
pattern, the lighting duty and the current value are changed
linearly together and there is no discontinuous point therein
so that the method of thinking overall is simple, however,
current control and voltage control are required all the time.
The power consumption is increased from low luminance
toward high luminance gradually. In this control pattern, the
color tone of the LED also changes gradually, and there is no
sudden change of color tone at a certain point. Therefore, this
control pattern is appropriate for a control pattern during a
period in which a user is viewing content.

[0081] In a control pattern shown in a graph 80 of FIG. 8,
until a predetermined luminance (luminance ratio of 60% in
this example), lighting duty is increased linearly as indicated
by a straight line 81a to be the lighting duty of 100% as
indicated by a straight line 815. Then, after becoming the
lighting duty of 100%, the current value is increased linearly
from a fixed current value indicated by a straight line 83a to
one shown by a straight line 834. In the control pattern, with
such a change in the current value and the lighting duty, the
luminance value is changed linearly as indicated by a straight
line 82. This control pattern has the lowest current value
throughout the whole, and is able to reduce the power con-
sumption most from the power-luminous efficiency charac-
teristic of an LED. Further, in the control pattern, only either
one of the voltage control or the current control is performed
in each point, and therefore the control is easy. Generally,
there 1s a tendency that change in the color tone is conspicu-
ous and disturbing in the low luminance, and thereby the
control pattern in which a current value in that part is fixed
may be said to be appropriate control for the color tone.
[0082] 1In a control pattern shown in a graph 90 of FIG. 9,
until a predetermined luminance (luminance ratio of 53% in
this example), lighting duty is fixed as indicated by a straight
line 91a, and a current value is changed linearly as indicated
by astraight line 93a. Then, as indicated by a straight line 915,
the lighting duty is increased linearly to have the lighting duty
of 100% with another predetermined luminance (luminance
ratio of 60% in this example), while the current value is
decreased linearly as indicated by the straight line 935. From
the above-described another predetermined luminance, the
current value is fixed to 100% as indicated by a straight line
91c, and the current value is increased linearly as indicated by
a straight line 93¢. In the control pattern, from such a change
in the current value and the lighting duty, the luminance value
is changed linearly as indicated by the straight line 92. In the
graph 90, an example is shown in which significant switching
in the lighting duty is performed only once, however, it is
possible to switch the lighting duty significantly at points
including several steps.

[0083] Note that, in such a control pattern, in a case of an
attempt to change the brightness with a white LCD or the like,
such an attempt is performed directly at the current value of
constant current, a balance between exciting light and fluo-
rescent light is lost so that a spectroscopic pattern is fluctu-
ated, and color tone is thereby possibly changed.

[0084] Note that, a control pattern similar to the current
control pattern indicated by the straight lines 93¢, 935, and
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93¢ in the graph 90 may be realized even by a device in which
the PWM control is not performed (device in which the PWM
signal generation circuit 24 as illustrated in FIG. 2 is not
provided). Thereby, it is possible to make the device less
costly. In that case, a current value to generate a voltage to be
applied to an LED may be switched like the straight lines 934,
935, and 93¢ or at points including several steps.

[0085] Next, another example of the PWM Duty table in the
LED backlight of FIG. 2 will be described with reference to
FIG. 10. A PMW Duty table 100 illustrated in FIG. 10 is an
example of a table for use in the case of providing an AV
position and a power saving mode (also referred to as eco
mode) in a liquid crystal panel. In the table 100, as a mode
other than the standard mode, as described above, the
dynamic mode, the game mode, the movie mode and the like
correspond, for example.

[0086] In the table 100, the current value is adjusted
depending on whether an eco mode is in any of “off”, “mode
1”” and “mode 2”. Note that, in the table 100, the current value
is assumed to be 100% in a case where the eco mode 1s off, and
a light modulation value is a maximum value (16 in this
example), and examples of another current values are rela-
tively shown. When the light modulation value is “16”, the
current values in the case of the eco mode being off, mode 1,
and mode 2 are respectively assumed to be 100%, 80% and
60%.

[0087] In this way, in the example of the table 100, in
addition to changing the duty according to a light modulation
value, the current value is changed based on the setting con-
tent of the eco mode, thus the power efficiency is improved
while the linearity of the luminance change is maintained.
Accordingly, the control as illustrated in the table 100 is
executed so that power saving is able to be realized.

[0088] Further, in the example of the table 100, when the
eco mode is off, in the case where the AV position is in the
standard mode, the current value is switched according to the
light modulation value to realize power saving, and in the case
of being a mode other than the standard mode, the current
value is fixed. Accordingly, when the AV position is in the
standard mode, even when the eco mode is on (mode 1 or
mode 2), a current value according to the light modulation
value is required to be used and each current value to be used
there is set to be lower than each current value to be used when
the eco mode is off.

[0089] Itisthereby possibleto providea coherent operation
without causing a user to feel a sense of discomfort.

[0090] Additionally, in FIG. 10, examples of values are
shown on the assumption that the duty luminance character-
istic is constant in each current value, however, when the duty
luminance characteristic changes in each current value, a
Duty table may be set for each current value.

[0091] Furthermore, FIG. 11 is a diagram showing an
arrangement example of a backlight applicable to the liquid
crystal display device of the present invention. The LED
backlight 10 which arrangement is illustrated in FIG. 11 is
configured as an array type LED backlight. Note that, the
liquid crystal display device of the present invention is not
limited to the example described here, and a matrix type LED
backlight which is a substrate with almost the same size as the
screen paved with LEDs, etc., is able to be mounted.

[0092] In the LED backlight 10, a plurality of LED sub-
strates 101 on each of which a plurality of white LEDs 102
being mounted are arranged on a chassis 105. The LED sub-
strate 101 has a shape of a horizontally long rectangular reed,
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and is arranged so that the longitudinal direction of the rect-
angle corresponds to the horizontal direction of a screen of a
liquid crystal display device. Further, a harness 103 is pro-
vided for connecting between the LED substrates 101 halved
in the horizontal direction, and a harness 104 is further pro-
vided for connecting one of the LED substrates 101 and an
external driver substrate. Moreover, a connector 106 to which
the harness 103 and the harness 104 are connected is arranged
on each LED substrate 101. Note that, the halving in the
transverse direction of the LED substrate 101 as illustrated in
FIG. 11 is not essential in the liquid crystal display device
according to the present invention.

EXPLANATIONS OF REFERENCE NUMERALS

[0093] 1 ... liquid crystal display device; 10 . . . LED
backlight (backlight portion); 11 . . . tuner portion; 12 . . .
operation portion; 13 . . . video signal processing portion; 14
... main control portion; 14a . . . LED control portion; 15 . .
. LED driving portion; 16 . . . external light illuminance
detection portion; 17 . . . liquid crystal control portion; 18 . .
. liquid crystal panel; 21 . . . PWM Duty table; 22 .. . LED
current table; 23 . . . light modulation control circuit; 24 . . .
PWM signal generation circuit; 25 . . . LED current control
circuit; 31 . . . LED voltage generation circuit; 32 . . . LED
driver; 41 ... LED; 50 . .. graph; 51a, 515, 51c . . . straight
line; 101 . . . LED substrate; 102 . . . LED; 103, 104 . . .
harness; 105 . . . chassis; and 106 . . . connector.

1. A liquid crystal display device having a liquid crystal
panel for displaying an input video signal, a light source of a
light-emitting diode for irradiating the liquid crystal panel,
and a light emission luminance control portion for controlling
light emission luminance of the light-emitting diode,
wherein,

the light emission luminance control portion controls the

light emission luminance of the light-emitting diode
with both a Pulse Width Modulation system in which
duty indicating a lighting time per cycle in a pulse to turn
on/off the light-emitting diode is changed, and a current
value control system in which a value of a current to be
flowed to the light-emitting diode is selected from
among a plurality of setting values,

at least one among the plurality of setting values is a pre-

determined current value which the duty becomes a
maximum value at a maximum luminance value used in
a specific picture quality mode among picture quality
modes set in the liquid crystal display device, and

the specific picture quality mode is a picture quality mode

in which the maximum luminance value to be used is at
least smaller than a maximum luminance value to be
used in another specific picture quality mode.

2. A liquid crystal display device as defined in claim 1,
wherein

the specific picture quality mode is a picture quality mode

which is provided as a mode most frequently used by a
user.

3. A liquid crystal display device as defined in claim 1,
wherein

during an operation in the specific picture quality mode, the

light emission luminance control portion performs con-
trol by using a current value to be used in the another
specific picture quality mode when there is a need to
change a luminance value to one exceeding the maxi-
mum luminance value.
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4. A liquid crystal display device as defined in claim 3,
wherein

during an operation in the another specific picture quality
mode, the light emission luminance control portion per-
forms control by using a current value to be used in the
specific picture quality mode when there is a need to
change a luminance value to one less than the maximum
luminance value.
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5. A liquid crystal display device as defined in claim 3,
wherein
when changing a current value, the light emission lumi-
nance control portion changes the current value and the
duty concurrently and gradually.

* ok % %k %
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