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(54) LIQUID CRYSTAL DISPLAY DEVICE

(57)  Disclosed is a liquid crystal display device with
an LED backlight (lightsource). Inthe LCD device, picture
quality luminance is controlled through the combination
of pulse-width modulation (PWM) system and currentval-
ue controlsystem, reducing the electrical power con-
sumption associated with turning on an LED. In the LED
backlight (10), the light emitting luminance of the LED is
controlled by both PWM, which modifies a duty that in-
dicates the per-cycle lighting time of a pulse, which turns
the LED on/off, 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 pic-
ture quality modes established in the liquid crystal display
device (1). Inthe 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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Description
TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display 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] In recent years, energy saving has been given
importance, and also in a liquid crystal display device
(Liquid Crystal Display) having a liquid crystal panel, re-
duction 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 sys-
tem, however, is not suitable for fine control, thereby per-
forms 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] Patentdocument 1 discloses aliquid crystal dis-
play device provided with a backlight driving portion for
supplying R, G and B driving currents and R, G and B
PWM signals to an LED backlight portion and for control-
ling light emission luminance and chromaticity of each of
R, G and B backlights, and a timing controller for control-
ling an operation 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 in-
cluding 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 con-
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sidered, 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 com-
bination be made in the case of including both the lumi-
nance control to a product.

[0008] The present invention has been made in view
ofthe above-described circumstance, and aims toreduce
power consumption concerning lighting of an LED when
control on luminance according to a picture quality is per-
formed by 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 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 in-
dicating 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 plu-
rality 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 lu-
minance value used in a specific picture quality mode
among picture quality modes set in the liquid crystal dis-
play 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 lu-
minance value to be used in another specific picture qual-
ity mode.

[0010] A second technical means is the liquid crystal
display device as defined in the first technical means,
wherein the specific picture quality mode is a picture qual-
ity mode which is provided as a mode most frequently
used by a user.

[0011] A third technical means is the liquid crystal dis-
play device as defined in the first or second technical
means, wherein during an operation in the specific pic-
ture 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 ex-
ceeding the maximum luminance value.

[0012] A fourth technical means is the liquid crystal
display device as defined in the third technical means,
wherein during an operation in the another specific pic-
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ture 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 dis-
play 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
crystal display device provided with a backlight light
source of an LED, by combining a PWM system and a
current value control 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] Fig. 1is a block diagram showing a schematic
configuration example of a liquid crystal display de-
vice according to the present invention.

[Fig. 2] Fig. 2 is a block diagram showing a configu-
ration example of a part related to an LED backlight
in the liquid crystal display device of Fig. 1.

[Fig. 3] Fig. 3 is a diagram showing an example of a
PWM Duty table in the LED backlight of Fig. 2.
[Fig. 4] Fig. 4 is a diagram showing an example of
an LED current table in the LED backlight of Fig. 2.
[Fig. 5] Fig. 5 is 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 be-
tween 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.
[Fig. 6] Fig. 6 is a diagram showing an example of a
characteristic of forward voltage-forward current and
a characteristic of forward current-relative luminous
flux in an LED.

[Fig. 7] Fig. 7 is a diagram for explaining another
example of the light emission luminance control
method in the LED backlight of Fig. 2.

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

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

[Fig. 10] Fig. 10 is a diagram for explaining another
example of the PWM Duty table in the LED backlight
of Fig. 2.

[Fig. 11] Fig. 11 is a diagram showing an arrange-
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ment example of a backlight applicable to the liquid
crystal display device of the present invention.

PREFERRED EMBODIMENTS OF THE INVENTION

[0016] Fig. 1 is a block diagram showing a schematic
configuration example of a liquid crystal display device
according to the presentinvention. A liquid crystal display
device 1 is 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.

[0017] The main control portion 14 directly or indirectly
controls whole portions inside the liquid crystal display
device 1 including 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 de-
scribed as an LED control portion 14a. Additionally, the
control portion 12, as long as capable of receiving a user
operation and transmitting 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 opera-
tion portion 12, either one of the main body operation
portion or the receiving portion only may be provided.
[0018] 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 por-
tion 13 performs various signal conversion processing
for displaying the video signal 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 de-
vice.

[0019] Furthermore, some liquid crystal display devic-
es 1 include an output mode in which a state of a video
picture or sound is able to 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.

[0020] Asthe output mode described above, for exam-
ple, a "standard mode", a "dynamic mode", a "game
mode", a "PC mode", an "AV memory mode", a "movie
mode" and the like are set.

[0021] The "standard mode" is a mode showing a set-
ting of the picture quality/sound is a standard value. Fur-
ther, 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 demonstration mode (also referred to as shop
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front mode) for giving publicity to a feature of the device
at a shop front of a dealer, for example. Usually, the dy-
namic mode is executed with best picture quality and
brightness prepared for the video picture display device.
[0022] Furthermore, the "game mode" is a mode in
which a video picture of a video game or the like is dis-
played 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 content 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.

[0023] 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 picture quality mode may be per-
formed with a selection operation by a user from the op-
eration portion 12, however, may also be performed au-
tomatically based on a result of discrimination performed
with types and features of the video picture shown by the
video signal in the video signal processing portion 13 or
the like.

[0024] In the video signal processing portion 13, then,
various video processing in conformity to the selected
picture quality mode is performed and output to the liquid
crystal control portion 17.

[0025] The liquid crystal control portion 17 performs
control 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 scanning video signal is performed. The writ-
ten 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 displayed in the picture quality
of the selected picture quality mode.

[0026] The liquid crystal panel 18 is a non-self-lumi-
nous 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. In the liquid crystal display device 1 ac-
cording to the present invention, an LED backlight 10 is
provided as the light source.

[0027] The external light illuminance detection portion
16 is comprised of an OPC (Optical Picture Control) sen-
sor (also referred to as brightness sensor) for detecting
illuminance of external light around the liquid crystal dis-
play device 1 and the like. Depending on the illuminance
of the external light around the liquid crystal display de-
vice 1 detected by the OPC sensor, it is possible to in-
crease or decrease light emission luminance in the LED
of the LED backlight 10. Of course, the liquid crystal dis-
play device 1 may not be provided with the external light
illuminance detection portion 16.
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[0028] The main control portion 14 transmits a light
modulation control signal and a mode switching signal
to an LED control portion 14a inside thereof so that the
LED control portion 14a controls light emission of the
LED backlight 10 through the LED driving portion 15.
[0029] The light modulation control signal is generated
as a signal showing a light modulation setting value
based on a result of an operation of brightness adjust-
ment (light modulation operation) by the operation portion
12 or a detection result by the external light illuminance
detection portion 16. Moreover, the mode switching sig-
nal 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 determined based on the vid-
eo picture by discrimination performed with types and
features of the video picture shown by the video signal
or the like corresponds to the mode switching signal.
[0030] Next, a configuration example and a control ex-
ample of the LED backlight 10 will be described with ref-
erencetoFig. 2toFig. 6. Fig. 2is ablock diagram showing
a configuration example of a part related to the LED back-
light in the liquid crystal display device of Fig. 1. In addi-
tion, Fig. 3 and Fig. 4 are diagrams respectively showing
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 Fig. 2.

[0031] A partrelated to the LED backlight illustrated in
Fig. 2is composed of the light emission luminance control
portion and the LED backlight (referred to as backlight
portion) 10 having an LED 41. The light emission lumi-
nance control portion is comprised of the LED control
portion 14a and the LED driving portion 15.

[0032] 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 indicating a lighting time per cycle in a pulse to turn
on/offthe 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
= 1/T. Note that, the lighting duty may be referred to as
a duty ratio.

[0033] The current value control system is the system
in which a 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.

[0034] 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
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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 minimum luminance value
which is set in advance to the maximum 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 lumi-
nance value at the predetermined current value de-
scribed above) to the maximum value using the prede-
termined 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 determined as the maximum value of
the lighting duty for use in the liquid crystal display device
1 is available.

[0035] Here, the above-described specific picture
quality mode is a picture quality mode in which the max-
imum luminance value for use is at least smaller than a
maximum luminance 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 quality mode is 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-de-
scribed 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
maximum luminance value for use.

[0036] Itis preferable that the above-described specif-
ic picture 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-described example. Hereinafter, although
a case where the standard mode is employed as the
above-described specific picture quality mode is taken
as an example and explained, a case of employing an-
other picture quality mode also applies.

[0037] A configuration example of the LED control por-
tion 14a for performing such control will be described.
The LED control portion 14a is provided with a light mod-
ulation control 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.

[0038] The PWM Duty table 21 includes a plurality of
tables as illustrated as a Duty table a and a Duty table b
in Fig. 3. Then, in each table, a light modulation setting
value (corresponding to a value changed in user light
modulation or OPC light modulation), a luminance ratio
in the case of performing light modulation with each light
modulation setting value, and lighting duty are related to
each other.

[0039] Asiillustrated in Fig. 4, in the LED current table
22, a current value for use in each picture quality mode
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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 con-
trolled according to the Duty table a using 11 as the current
value, and that in the standard mode, lighting duty is con-
trolled according to the Duty table b using 12 (12 < I1) as
the current value.

[0040] The light modulation control circuit 23 deter-
mines a current value and a PWM Duty table for use in
control by the mode indicated by the mode switching sig-
nal (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 con-
trol 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.
[0041] The light modulation control circuit 23 outputs
thus determined lighting duty to the PWM signal gener-
ation circuit 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 21,22inthe memoryis given, itis notlimited 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 modulation control
signal and the mode switching signal.

[0042] The PWM signal generation circuit 24 gener-
ates 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.

[0043] The LED driving portion 15 includes an LED
voltage 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 con-
trol circuit 25. The LED voltage generation circuit 31 out-
puts the driving voltage to the LED 41 according to the
inputsignal. 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 determined in the light
modulation control circuit 23, so as to be lighted/lighted
out.

[0044] 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
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signal and the mode switching signal, and the LED driving
portion 15 drives the LED 41.

[0045] 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.

[0046] In the 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 mod-
ulation 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 according to a relation shown
by a straight line 51ain a graph 50 of Fig. 5. In this man-
ner, it is possible to control the LED to emit light with the
luminance indicated by the straightline 52 (the luminance
ratio of 60 % or less, however).

[0047] Thatis, in the standard mode, the current value
I12is being fixed, and itis 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.

[0048] Note that, the graph 50 of Fig. 5 shows an ex-
ample of a relation between the PWM Duty in the stand-
ard mode using the tables of Fig. 3 and Fig. 4, the max-
imum current and the luminance in the LED current con-
trol circuit 25 of Fig. 2. Here, the current value 12 is indi-
cated 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.

[0049] Next, it will be briefly described with reference
to Fig. 6 that it is possible to improve by the control illus-
trated in Fig. 5 an efficiency of the backlight light emission
so as to reduce power consumption. Fig. 6 (A) is a dia-
gram 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 for-
ward current-relative luminous flux in an LED. Here, sim-
ilarly, the example is given in which the standard mode
is employed as the above-described specific picture qual-
ity mode.

[0050] As the characteristic shown in Fig. 6 (B), the
relation 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 effi-
ciency is deteriorated with an increase of the forward
current. For example, in the case of being at 100 mA, the
relative luminous fluxis 1.4, however, in the case of being
twice its amount, which is at 200 mA, the relative lumi-
nous flux is 2.0 which is less than twice its amount. Here,
the PWM control is not assumed, and that is, in Fig. 6
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(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 lumi-
nous flux during driving at 100 mA, 50 % is about 0.7.
[0051] Since the forward current, the lighting duty and
the brightness are in such a relation, when power con-
sumption is compared between a case where light emis-
sion is performed with a predetermined current value and
lighting duty of N % (< 100 %), and a case where light
emission is performed with a less current value and the
lighting duty of 100% in order to obtain the same bright-
ness (luminance), the power consumption becomes low-
er in the case of performing light emission with the de-
creased current value and the lighting duty of 100 %. This
is because that the forward voltage and the forward cur-
rent are in such a relation illustrated as the characteristic
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.
[0052] 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 is 2.0, and in order to 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), it is 3.5 V in the case of being at 200 mA, and 3.0
V in the case of being at 100 mA. Therefore, in the case
of being at 200 mA with the lighting duty of 70 %, 200mA
x 3.5V x70 % =490 mW, whereas in the case of being
at 100 mA with the lighting duty of 100 %, 100mA x 3.0
V x 100 % = 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 cur-
rent value and the lighting duty of 100 %.

[0053] 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 51c
kept being extended to a darker side, the required current
value (I1) is, as indicated by a straight line 53c in the
graph 50, larger than the current value 12 (current value
corresponding to the straight line 53a) in the case of driv-
ing with the relation indicated by the straight line 51a,
and the voltage which is required to flow the current value
I1 also becomes larger. Therefore, in the present inven-
tion, 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 I11. The current
value 12 then becomes the current value for performing
light emission at the maximum luminance value for use
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in the standard mode with the lighting duty of 100 %.
[0054] In this manner, in the standard mode, the cur-
rent 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 correspond-
ing to the picture quality by combining the PWM system
and the current value control system, the power con-
sumption needed in lighting the LED is able to be re-
duced. Furthermore, since control such as that lumi-
nance is dropped in order to lower the power consump-
tion is not performed, energy saving is thus able to be
realized without causing a user to feel a sense of dis-
comfort or presenting inconvenience.

[0055] Next, a preferred control example of the LED
control 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 luminance 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 impossible to handle with the current
value), the LED control portion 14a performs control us-
ing a current value which is for use in another specific
picture quality mode (higher current value). Itis assumed
to be possible to handle the changing with the high cur-
rent 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 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.

[0056] InFig. 5, the dynamic mode is taken as another
specific picture quality mode described above, however
it is not limited thereto. The current value 11 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
51c 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 ignoring the straight
line 51b described below, the luminance ratio of 60 % to
about 65 % is excluded).

[0057] Inthis manner, even though the standard mode
is used, for example, there is a case where exceeding
the maximum luminance set in the standard mode is re-
quired depending on the user light modulation operation
by the operation portion 12 or a detection result by the
external light illuminance detection portion 16, and in
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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.

[0058] 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.

[0059] Next, the straightlines 51b and 53b in the graph
50 of Fig. 5 will be described. The straight line 51b is 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 51c. Further, the current
value may be calculated in advance from the lighting duty
indicated by the straight line 51b, and a current value of
the discontinuous area described above is indicated by
the straight line 53b. In this way, the lighting duty and the
current value are prepared also for the part of the straight
line 51b, and even in the case where light emission is
required to be performed with any of the luminance indi-
cated by the straight line 52 due to the user light modu-
lation or the like, it is possible to handle the case.
[0060] Moreover, when changing a current value, it is
preferable for the LED control portion 14a in Fig. 2 to
change the current value and the lighting duty concur-
rently and gradually. 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 dis-
comfort 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 = 12 + 20mA, for
example, and when switching from [2to |1, itis performed
in about 20 vertical scanning terms. Specifically, an im-
age is changed for each vertical scanning term in a tel-
evision device, thereby it is preferable to perform switch-
ing in this unit.

[0061] Further, it is preferable for the LED control por-
tion 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 lu-
minance value for use in the above-described specific
picture quality mode) during an operation in the above-
described another specific picture quality mode.

[0062] 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
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same time) in such relation as the straight line 51c, 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 straightline 51cis 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).

[0063] Furthermore, inthis case also, when the current
value is changed, the current value and the lighting duty
are preferable to be changed concurrently and gradually.
Moreover, 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.
[0064] Next, for various examples of control patterns
in the light emission luminance control which are appli-
cable 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.

[0065] IntheLED,thelowerthe currentvalue,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 deter-
mined for each model to be mounted or for each picture
quality mode.

[0066] For example, the light emission luminance con-
trol method described in Fig. 5 is an example of a control
pattern in which the current value (maximum current val-
ue 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.

[0067] Inthe graph 50 of Fig. 5, the part of the straight
line 53b 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. 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 switching part, and it is thus
difficult to perform timing control of the lighting duty and
the current.

[0068] In a control pattern shown in a graph 70 of Fig.
7, the lighting duty is changed linearly as indicated by a

10

15

20

25

30

35

40

45

50

55

straightline 71, while the current value is changed linearly
as indicated 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 pointtherein so thatthe method of think-
ing overallis 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.

[0069] 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 81b. 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 83b.
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 consumption
most from the power-luminous efficiency characteristic
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 controlis easy. Generally,
there is a tendency that change in the color tone is con-
spicuous and disturbing in the low luminance, and there-
by the control pattern in which a current value in that part
is fixed may be said to be appropriate control for the color
tone.

[0070] In 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 a straight line 93a. Then, as in-
dicated by a straight line 91b, the lighting duty is in-
creased 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 93b. From the
above-described another predetermined luminance, the
current value is fixed to 100 % as indicated by a straight
line 91¢, and the current value is increased linearly as
indicated by a straight line 93c. In the control pattern,
from such a change in the current value and the lighting
duty, the luminance valueis changed linearly asindicated
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.

[0071] Note that, in such a control pattern, in a case
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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 ex-
citing light and fluorescent light is lost so that a spectro-
scopic pattern is fluctuated, and color tone is thereby
possibly changed.

[0072] Note that, a control pattern similar to the current
control pattern indicated by the straight lines 93a, 93b,
and 93cin 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 93a, 93b, and 93c or at
points including several steps.

[0073] Next, another example of the PWM Duty table
in the LED backlight of Fig. 2 will be described with ref-
erence 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.
[0074] 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 is off, and a light modulation value is a
maximum value (16 in this example), and examples of
another current values are relatively 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 %.
[0075] In this way, in the example of the table 100, in
addition to changing the duty according to a light modu-
lation value, the current value is changed based on the
setting content 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.

[0076] 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 ac-
cording 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.

Itis thereby possible to provide a coherent operation with-
out causing a user to feel a sense of discomfort.

[0077] Additionally, in Fig. 10, examples of values are
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shown on the assumption that the duty luminance char-
acteristic 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.

[0078] Furthermore, Fig. 11 is a diagram showing an
arrangement example of a backlight applicable to the lig-
uid 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 in-
vention 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.

[0079] 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 substrate 101 has a shape of a horizontally long
rectangular reed, and is arranged so that the longitudinal
direction of the rectangle corresponds to the horizontal
direction of a screen of a liquid crystal display device.
Further, a harness 103 is provided for connecting be-
tween the LED substrates 101 halved in the horizontal
direction, and a harness 104 is further provided for con-
necting 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 ar-
ranged 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

[0080] 1...liquid crystal display device; 10...LED back-
light (backlight portion) ; 11...tuner portion; 12...operation
portion; 13...video signal processing portion; 14... main
control portion; 14a...LED control portion; 15...LED driv-
ing portion; 16...external light illuminance detection por-
tion; 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 gen-
eration circuit; 25...LED current control circuit; 31...LED
voltage generation circuit; 32...LED driver; 41...LED;
50...graph; 51a, 51b, 51c...straight line; 101...LED sub-
strate; 102...LED; 103, 104...harness; 105...chassis; and
106...connector.

Claims

1. Aliquid 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 lig-
uid crystal panel, and a light emission luminance
control portion for controlling light emission lumi-
nance of the light-emitting diode, wherein,
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the light emission luminance control portion controls
the light emission luminance of the light-emitting di-
ode 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 systemin 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 predetermined current value which the duty be-
comes 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.

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.

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

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 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.

A liquid crystal display device as defined in claim 3
or 4, wherein

when changing a current value, the light emission
luminance control portion changes the current value
and the duty concurrently and gradually.
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