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(57) ABSTRACT

The present invention provides a liquid crystal display
device capable of shortening the time required for stabilizing
the brightness and the chromaticity to the temperature
change. The input of an LED driver is connected to the
output of a PWM controller, so that the electric power
supplied to the respective LED groups of red, green and blue
are controlled with a PWM method. A feedback control
means for controlling the PWM controller includes a bright-
ness setting means, a color setting means, a multiplication
means for receiving the outputs from the brightness setting
means and the color setting means, a comparison means fed
with the output of the multiplication means at one of the
inputs thereof, a light sensor temperature compensation
means for compensating for fluctuations of the output of the
light detection means due to temperature changes, a liquid
crystal display panel temperature compensation means for
compensating for fluctuations of the spectral transmittance
of the liquid crystal display panel due to temperature
changes, an addition means for summing the result of
detection by the light detection means and the output of the
light sensor temperature compensation means, and a multi-

(51) Imt. CL plication means for multiplying the output of the addition
G0IG  3/36 (2006.01) means by the output of the liquid crystal display panel
(52) U, Clu ot snsss e ssinsses 345/102 temperature compensation means.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to liquid crystal dis-
play devices including a backlight and, more particularly,
relates to transmitted-light-display type liquid crystal dis-
play devices including LEDs (Light Emitting Diodes) as a
light source.

[0003] 2. Description of the Background Art

[0004] FIG. 8 is a block diagram illustrating an LED light
source stabilization/control circuit 90 disclosed in Armand
Perduijn et al., “43.2: Light Output Feedback Solution for
RGB LED Backlight Applications”, “SID2003 CD-ROM”.

[0005] The stabilization/control circuit 90 illustrated in
FIG. 8 is broadly divided into a color control means 22, a
brightness control means 23 and an LED driving duty ratio
control means 24.

1. Field of the Invention

[0006] The color control means 22 is structured to include
an addition means 222, an integration means 223, a PWM
control block 224, an LED driving/operation detection block
225 and a low-pass filter 226.

[0007] The brightness control means 23 is structured to
include a brightness sensor 231, an adder 232 and a bright-
ness feedback circuit 233, and the LED driving duty ratio
control means 24 is structured to include an adder 241, a
maximum duty ratio setting means 242 and an LED driving
duty ratio clipping circuit 243.

[0008] The brightness control means 23 and the LED
driving duty ratio control means 24 constitute a brightness
adjustment means 26, in cooperation with a brightness
setting means 25 for setting a brightness value (Y").

[0009] In the stabilization/control circuit 90, XYZ values
(a color set value) as control targets are set by a color setting
means 20, and these values and the output of the brightness
adjustment means 26 are supplied to a multiplication means
21 which performs multiplication thereof. The result of the
multiplication is supplied to the addition means 222 in the
color control means 22.

[0010] In addition thereto, the output of the LED driving/
operation detection block 225 is fed back to the addition
means 222 through the low-pass filter 226 so that the
difference between the output from the LED driving/opera-
tion detection block 225 and the result of the multiplication
from the multiplication means 21 is supplied to the integra-
tion means 223.

[0011] Further, the output of the integration means 223 is
supplied to the PWM control block 224 which calculates the
duty ratios for PWM driving of the red, green and blue
LEDs. The PWM control block 224 is structured to enable
setting the gain of the integration component of the PWM
control for the amount of feedback.

[0012] The LED driving/operation detection block 225
includes three types of LEDs for generating red, green and
blue lights, a PWM driving circuit which individually drives
the three types of LEDs, and a color detection means which
disperses white light generated from a light guide plate
through color filters which are approximated to a
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CIE1931XTZ color matching function and detects the X', Y'
and 7' values (color detected values) of separated lights,
wherein light guide plate mixes the red, green and blue
monochromatic lights generated from the LEDs into white

light

[0013] The output of the PWM control block 224 is
supplied to a PWM driving circuit in the LED driving/
operation detection block 25.

[0014] The X', Y' and 7' values (color detected values)
which are output from the LED driving/operation detection
block 25 through the low pass filter 226 are also supplied to
the brightness control means 23, and a brightness sensor 231
detects only the brightness value Y' and supplies it to the
addition means 232.

[0015] On the other hand, a brightness value Y' set by the
brightness setting means 25 and the brightness value Y’
output from the LED driving/operation detection block 25
are supplied to the addition means 232 which outputs the
difference therebetween. The difference is supplied to the
brightness feedback circuit 233 in the brightness control
means 23 where it is subjected to a PID (Proportional,
Integral, Differential) comparison control. Further, the
brightness feedback circuit 233 is structured to enable
setting the gain of the integration component of the PID
comparison control for the amount of feedback.

[0016] The value resulted from the comparison controlling
process by the brightness feedback circuit 233 is supplied to
the addition means 241 of the LED driving duty ratio control
means 24 which outputs the difference between this value
and the output from the PWM control block 224 to the LED
driving duty ratio clipping circuit 243.

[0017] On receiving the output of the addition means 241,
the LED driving duty ratio clipping circuit 243 calculates a
PWM duty ratio (common to red, green and blue colors) for
the LEDs, on the basis of the output, Then, the result of the
calculation is supplied to one of the inputs of the multipli-
cation means 21.

[0018] Further, the LED driving duty ratio clipping circuit
243 is structured to enable setting the gains of the propor-
tional component and the integration component of the PID
comparison control for the amount of feedback.

[0019] In the aforementioned stabilization/control circuit
90, when the duty ratio of the PWM driving for the LEDs
reaches a certain value, the overall gain is reduced and a
feedback operation is performed in such a manner as to
prevent the color fluctuation due to the clipping of the duty,
thereby stably controlling the light intensities of the red,
green and blue LEDs of the backlight source and the balance
thereamong.

[0020] FIGS. 9A, 9B and 9C illustrate exemplary tem-
perature-induced fluctuation characteristics of the light
emission spectra of blue. green and red LEDs.

[0021] In FIGS. 9A, 9B and 9C, the horizontal axis
represents the wavelength while the vertical axis represents
the light intensity (relative value), and there are illustrated,
in a superimposing manner, the light-emission spectra of the
LED:s of the respective colors, for casing temperatures Tc of
+25° C., +85° C. and -20° C. at the casing housing the
LED:s.
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[0022] Further, in FIGS. 9A, 9B and 9C, the light-emis-
sion spectra at the respective temperatures are illustrated, on
the assumption that the peak light intensity (A peak) at a
casing temperature of +25° C. is 1.

[0023] As can be seen from FIGS. 9A, 9B and 9C, the
light-emission intensities of the LEDs of the respective
colors are varied with the temperature. Conventionally, such
effects of temperature changes have been compensated for
through feedback controls using, for example, the stabiliza-
tion/control circuit 90 described with reference to FIG. 8.

[0024] Further, Japanese Patent Application Laid-Open
No. 2002-311413 (FIG. 4) discloses a technique for deter-
mining the brightness of a backlight and the temperature
within the device and then correcting the brightness on the
basis of the temperature within the device in order to attain
a target brightness.

[0025] As described above, the stabilization/control cir-
cuit for the LED light source described in the aforemen-
tioned literature can stably control the brightness and the
chromaticity of only the backlight source. However, the light
sensing circuit used as light detection means has the possi-
bility of causing fluctuations of the electric current output of
the photodiodes used for light detection due to temperature
changes and also has the possibility of causing fluctuations
of the resistance of the resistor used in the amplification
circuit for converting the electric current outputs of the
photodiodes into voltages, due to temperature changes.

[0026] FIG. 10 illustrates the relationship between the
output voltages of light sensors for red, green and blue
colors and the operating temperature.

[0027] In FIG. 10, the horizontal axis represents the
temperature (° C.) while the vertical axis represents the
output voltage (V), wherein the output voltage characteristic
of the light sensor for the red color (R) is plotted with a
rectangular mark, the output voltage characteristic of the
light sensor for the green color (G) is plotted with a round
mark, and the output voltage characteristic of the light
sensor for the blue color (B) is plotted with a triangular
mark. The left vertical axis and the right vertical axis have
different scales and the left vertical axis is marked in 0.005
V increments while the right vertical axis is marked in 0.2
V increments. The left vertical axis represents the output
voltage of the light sensor for the green color, while the right
vertical axis represents the output voltages of the light
sensors for the red and blue colors.

[0028] In spite of the scale difference, FIG. 10 shows that
the output voltage of the light sensor for the green color
exhibits greatest temperature dependence, and there are also
observed slight fluctuations in the output voltages of the blue
and red light sensors.

[0029] Further, a liquid crystal display panel employing
LED light sources as the backlight also exhibits a spectral
transmittance which varies with the temperature.

[0030] FIG. 11 illustrates a temperature characteristic of
the transmittance of a liquid crystal display panel.

[0031] In FIG. 11, the horizontal axis represents the
wavelength (nm) while the vertical axis represents the light
intensity (relative value) which is transmitted through the
liquid crystal display panel, wherein there are illustrated the
transmittances for respective wavelengths for temperatures
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of 24.5° C. and 43° C. at the liquid crystal display panel,
thereby showing that the transmittances are decreased with
increasing temperature.

[0032] InFIG. 11, the transmittances for respective wave-
lengths are illustrated, on the assumption that the light
intensity for a wavelength of 523 nm at a liquid crystal
display panel temperature of 24.5° C. is 1.

[0033] Since the operating temperature of the light sensors
and the operating temperature of the liquid crystal display
panel are increased with the elapsed time after power-on, the
detection characteristic of the light sensors and the spectral
transmittance of the liquid crystal panel are also changed
with the elapsed time.

[0034] FIG. 12 illustrates the result of tests for the fluc-
tuation in a light feedback controlling operation for an
experimentally-produced liquid crystal display panel includ-
ing a stabilization/control circuit equivalent to the stabiliza-
tion/control circuit 90 illustrated in FIG. 8, in the cases of
using a cabinet (enclosure) or no cabinet.

[0035] In FIG. 12, the vertical axis represents the color
difference (AEab) from finally stably obtained brightness
and chromaticity, while the horizontal axis represents the
elapsed time (min).

[0036] As can be seen from FIG. 12, the liquid crystal
display requires about 250 minutes for stabilizing the color
difference when it employs the cabinet while it can stabilize
it within about 100 minutes when it employs no cabinet.
Thus, the feedback converging time is largely varied
depending on whether or not there is a cabinet.

[0037] Tt can be considered that the aforementioned phe-
nomenon is caused by the difference in the heat release at the
backlight LED light source portion between when there is a
cabinet and when there is no cabinet.

[0038] As described above, conventional stabilization/
control circuits for LED light sources have been susceptible
to the temperature change within the cabinet of the liquid
crystal display panel and the temperature change in the
liquid crystal display panel, thereby requiring longer times
for stabilizing the brightness and the chromaticity.

[0039] Further, although Japanese Patent Application
Laid-Open No. 2002-311413 discloses correction of bright-
ness on the basis of the temperature in the device in order to
attain a target temperature, the device does not employ
LED:s as the light source.

SUMMARY OF THE INVENTION

[0040] Tt is an object of the present invention to provide a
liquid crystal display device employing LEDs as light
sources which can reduce the time required for stabilizing
the brightness and the chromaticity to the temperature
change.

[0041] A liquid crystal display device according to the
present invention uses, as backlight of a liquid crystal
display panel, white light generated from a light guide plate
adapted to mix plural monochromatic lights into white light.
The liquid crystal display device includes a control means
that individually controls the light intensities of plural light
sources for the plural monochromatic lights, a light detec-
tion means that detects the brightness of the white light of
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the backlight, a temperature detection means that measures
the temperature in the vicinity of the liquid crystal display
panel, and a feedback control means that receives the
brightness detection value detected by the light detection
means and performs a feedback control to the control means
in terms of the electric power supplied to the plural light
sources such that the brightness detection value is brought
into agreement with a set brightness. Herein, the feedback
control means includes a first temperature compensation
means that sets a first compensation value to the temperature
characteristic of the output of the light detection means
caused by the temperature change, on the basis of the
detected temperature by the temperature detection means,
and a second temperature compensation means that sets a
second compensation value to the temperature characteristic
of the spectral transmittance of the liquid crystal display
panel caused by the temperature change, on the basis of the
detected temperature. The feedback control means performs
the feedback control on the basis of the first and second
compensation values.

[0042] According to the liquid crystal display device, a
feedback control means includes a first temperature com-
pensation means for setting a first compensation value to the
temperature characteristic of the output of a light detection
means due to the temperature change, on the basis of the
detected temperature detected by a temperature detection
means, and a second temperature compensation means for
setting a second compensation value to the temperature
characteristic of the spectral transmittance of the liquid
crystal display panel due to the temperature change, on the
basis of the detected temperature, and performs a feedback
control of the electric power supplied to plural light sources
on the basis of the first and second compensation values.
Therefore, it is possible to suppress the fluctuations of the
brightness and the chromaticity of white light due to the
temperature rise within the display cabinet after power-on,
thereby stabilizing the brightness and the chromaticity of
white light soon after power-on.

[0043] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a block diagram illustrating the structure
of a liquid crystal display device according to a first embodi-
ment of the present invention;

[0045] FIG. 2 is a block diagram illustrating the structure
the backlight system of the liquid crystal display device
according to the first embodiment of the present invention;

[0046] FIG. 3 is a block diagram illustrating, in more
detail, the structure of the liquid crystal display device
according to the first embodiment of the present invention;

[0047] FIG. 4 is a flowchart illustrating a light feedback
control processing operation in the liquid crystal display
device according to the first embodiment of the present
invention;

[0048] FIG. 5 illustrates a white light fluctuation charac-
teristic of the liquid crystal display panel of the liquid crystal
display device according to the first embodiment of the
present invention;

Oct. 5, 2006

[0049] FIG. 6 is a block diagram illustrating the structure
of a liquid crystal display device according to a second
embodiment of the present invention;

[0050] FIG. 7 is a flowchart illustrating a light feedback
control processing operation in the liquid crystal display
device according to the second embodiment of the present
invention;

[0051] FIG. 8 is a block diagram illustrating the structure
of a color stabilizing circuit for the liquid crystal display of
a conventional liquid crystal display device;

[0052] FIG. 9 illustrates temperature changes in the light
emission spectra of LEDs;

[0053] FIG. 10 illustrates the relationship between the
output voltages of light sensors and the operating tempera-
ture;

[0054] FIG. 11 illustrates a temperature-induced fluctua-
tion characteristic of the spectrum transmission of a liquid
crystal display panel; and

[0055] FIG. 12 illustrates the result of color stabilizing
controls of a conventional liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(A. First Embodiment)
(A-1. Device Configuration)

[0056] FIG. 1 is a block diagram illustrating the structure
of a liquid crystal display device 100 according to a first
embodiment of the present invention.

[0057] The liquid crystal display device 100 illustrated in
FIG. 1 is structured such that a feedback control means 17
performs feedback control of a PWM controller 7 and an
LED driver 6 on the basis of information about the tem-
perature of a light guide plate 2 and information about the
intensities of red light, green light and blue light, which are
output from a temperature detection means (temperature
sensor IC) 3 and a light detection means (light sensor IC) 4
mounted on the light guide plate 2.

[0058] Namely, the light guide plate 2 constituting a
backlight system is mounted to the back surface (the surface
opposite from the display surface) of a liquid crystal display
(LCD) panel 1. The light guide plate 2 is a member for
mixing red (R), green (G) and blue (B) monochromatic
lights generated from an LED backlight source 5 into white
light and includes a diffusion sheet and a reflection sheet, not
illustrated, which are attached to the back surface thereof
(the surface opposite from the LCD panel).

[0059] Further, the temperature detection means 3 and the
light detection means 4 are mounted to an edge portion of
the light guide plate 2 at positions adjacent to each other. The
light detection means 4 is constituted by color filters for
three colors, R, G and B, and photoelectric conversion
devices (silicon photodiodes or the like) associated with the
respective corresponding color filters and is structured to
disperse backlight white light into red, green and blue lights
and detect the light intensities thereof. Also, the temperature
detection means 3 may be placed in the vicinity of the light
guide plate 2, instead of being directly mounted to the light
guide plate 2.
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[0060] A liquid crystal display driving circuit 19 drives the
LCD panel 1 to display, thereon, images in accordance with
image signals supplied from an image control circuit 18,
which is connected to the liquid crystal display driving
circuit 19. Color filters for the three colors, red, green and
blue, are attached to the front surface of the liquid crystal
display panel 1 in correspondence to the respective pixels to
pass, therethrough, only red, green and blue monochromatic
lights resulted from the dispersion of the white color gen-
erated from the light guide plate 2.

[0061] The LED backlight source 5 is constituted by an
LED module including three types of LED groups, each
group consisting of plural LEDs for generating light with a
wavelength of a corresponding color, out of red (R), green
(G) and blue (B). Further, the LED backlight source 5 is
configured to be driven by the LED driver 6 having three
channels for driving the respective LED groups for red (R),
green (G) and blue (B).

[0062] The input of the LED driver 6 is connected to the
output of the PWM controller 7 so that the electric power
supplied to the respective LED groups of red, green and blue
are controlled with a PWM (Pulse Width Modulation)
method.

[0063] The feedback control means 17 for controlling the
PWM controller 7 is configured to include a brightness
setting means 9, a color setting means 10, a multiplication
means 11 which receives the outputs from the brightness
setting means 9 and the color setting means 10, a compari-
son means 8 which is fed with the output of the multipli-
cation means 11 at one of the inputs thereof, a light sensor
temperature compensation means (first temperature com-
pensation means) 14 for compensating for fluctuations of the
output of the light detection means 4 due to the temperature
change, a liquid crystal display panel temperatre compen-
sation means (second temperature compensation means) 12
for compensating for fluctuations of the spectral transmit-
tance of the liquid crystal display panel due to the tempera-
ture change, an addition means 15 for summing the result of
detection by the light detection means 4 and the output of the
light sensor temperature compensation means 14, and a
multiplication means 13 for multiplying the output of the
addition means 15 by the output of the liquid crystal display
panel temperature compensation means 12.

[0064] Further, the output of the light detection means 4 is
supplied to the addition means 15 in the feedback control
means 17 through a low-pass filter 16 for cutting a PWM
frequency region for driving the LEDs. When the response
speed of the light detection means 4 is greater than the PWM
frequency for driving the LEDs, the PWM frequency com-
ponent is superimposed on the output of the light detection
means 4 as noise in the low-pass filter 16. Accordingly, the
low-pass filter 16 is provided for eliminating such noise.

[0065] Further, the output of the temperature detection
means 3 is supplied to the aforementioned light sensor
temperature compensation means 14 and the liquid crystal
display panel temperature compensation means 12.

[0066] FIG. 2 is a block diagram illustrating the structure
of a backlight system 21 used in the liquid crystal display
device 100.

[0067] As illustrated in FIG. 2, the LED backlight source
5 includes red LEDs, blue LEDs and green LEDs which are
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alternately arranged in serial to constitute three types of
LED groups, each group consisting of plural LEDs having
the corresponding color, wherein the respective LED groups
are driven by the LED driver 6 having three channels.

[0068] Further, the feedback control means 17 may be
realized by, for example, an MPU (microprocessing unit)
and, therefore, it will be designated as an MPU 17, in some
cases, hereinafter.

[0069] Although not illustrated in FIG. 1, a nonvolatile
memory 30 which is constituted by, for example, an
EEPROM (Electrically Erasable Programmable Read Only
Memory) is connected to the MPU 17.

[0070] FIG. 3 illustrates the respective structures of the
light detection means 4, the LED driver 6 and the LED
backlight source 5.

[0071] As illustrated in FIG. 3, the light detection means
4 includes detection circuits 41, 42 and 43 for the three
systems (channels) of red, green and blue and an AD
conversion circuit (ADC) 45, wherein the output of the AD
conversion circuit 45 is connected to an input/output termi-
nal of the MPU 17.

[0072] The detection circuits 41 to 43 have basically the
same structure and, hereinafter, description of the structure
will be provided by exemplifying the detection circuit 41.

[0073] A photodiode 411 forming a light receptive portion
(which is associated with a filter which passes only red light
therethrough) is connected at its anode to the negative input
of an operational amplifier 412 and the positive input of the
operational amplifier 412 is connected to a power supply
terminal Vs. The cathode of the photodiode 411 is connected
to the power supply terminal Vs.

[0074] Between the negative input and the output of the
operational amplifier 412, there are interposed feedback
resistances 414 and 415 connected in serial to each other and
a capacitor 416 for preventing oscillation.

[0075] A resistance 413 is interposed between the connec-
tion node of the feedback resistances 414 and 415 and the
power supply terminal Vs so that the gain of the operational
amplifier 412 can be adjusted through the feedback resis-
tances 414 and 415 and the resistance 413 and the output of
the operational amplifier 412 is supplied, as the output of the
detection circuit 41, to the AD conversion circuit 45.

[0076] The detection circuits 42 and 43 have the same
structure as that of the detection circuit 41, except that their
respective photodiodes 421 and 431 are associated with
filters which pass only green and blue lights therethrough,
respectively. The components of the detection circuit 41
designated by the reference characters 412 to 416 corre-
spond to the components designated by the reference char-
acters 422 to 426 and the reference characters 432 to 436.

[0077] The PWM controller 7 connected to the MPU 17
drives, in a PWM manner, drivers 61, 62 and 63 which
respectively control the operations of the red, green and blue
LED groups 51, 52 and 53 constituting the LED backlight
source 5.

(A-2. Device Operation)

[0078] Next, with reference to a flowchart of FIG. 4, there
will be described a light feedback control processing opera-
tion in the liquid crystal display device 100.
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(A-2-1. Step ST1)

[0079] At power-on of the display, the MPU 17 performs
initial setting of the PWM-control outputs of the PWM
controller 7 for red (R), green (G) and blue (B) (step ST1).

[0080] At this time, PWM set values (for the respective
channels for R, G and B) which were used last in the
previous operation and stored in the nonvolatile memory 30
(FIG. 3) may be read for use as the initial set values, wherein
the previous operation means a continuous operation starting
with the activation of the liquid display device 100 until the
power shutdown.

(A-2-2. Step ST2)

[0081] Then, feedback control target values (brightness
control target values) corresponding to the R, G and B output
values of the light detection means 4 are set, in accordance
with a predetermined color temperature (Step ST2).

[0082] Further, in the following description, the light
detection means 4 will be described as being a brightness
sensor 4. Further, since the color of emitted light from the
light guide plate 2 can be determined by detecting the
brightnesses of the respective colors, R, G and B, and
calculating the color using the brightnesses, the brightness
sensor 4 can also be referred to as a color detection means.

[0083] Here, the predetermined color temperature is the
color temperature of white light and may be set to, for
example, 5000 K (Kelvin). The initial values of the feed-
back-control target values are values for controlling the
brightness balance of the respective LEDs for R, G and B
such that the white light of the LCD panel 1 is adjusted to
have this color temperature. More specifically, during manu-
facturing of the liquid crystal display device 100, the white
color point of the display surface of the LCD panel 1 is
determined using a brightness sensor and a color sensor
while the driving of the LEDs is adjusted and set such that
the display surface of the LCD panel 1 has the predeter-
mined color temperature, the brightnesses (of the respective
colors, R, G and B) of the light guide plate 2 are detected at
this state, and the detected values are defined as the initial
values of the feedback-control target values. Consequently,
the state of light emission from the display surface of the
LCD panel 1 can be associated with the state of light
emission from the light guide plate 2, with numerical values.
The initial values of the feedback-control target values are
stored in the nonvolatile memory 30 incorporated in the
liquid crystal display device 100.

[0084] The feedback-control target values set in step ST2
are set and determined on the basis of the initial values of the
R, G and B feedback-control target values, which have been
stored in advance in the nonvolatile memory 30 on the basis
of the predetermined color temperature, according to the
following calculation equations (1), (2) and (3) for the set
brightnesses.

Feedback control target value for red channel=(Bright-
ness/(Maximum brightness))xFeedback control target
value at maximum brightness for red channel (1)

Feedback control target value for green channel=
{Brightness/(Maximum brightness))xFeedback control
target value at maximum brightness for green channel 2

Feedback control target value for blue channel=
{Brightness/(Maximum brightness))xFeedback control
target value at maximum brightness for blue channel (3)
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[0085] Here, the feedback-control target value at a maxi-
mum brightness for the red channel, the feedback-control
target value at a maximum brightness for the green channel,
and the feedback-control target value at a maximum bright-
ness for the blue channel correspond, respectively, to the
initial values of the R, G and B feedback-control target
values which have been stored in advance in the nonvolatile
memory 30.

(A-2-3. Step ST3)

[0086] Next, the. R, G and B output values of the bright-
ness sensor 4 are detected in step ST3.

[0087] The outputs of the brightness sensor 4 are intro-
duced to the MPU 17 through the AD conversion circuit 45
previously described using FIG. 3 and, at this time, noise
removing processes may be performed concurrently there-
with.

[0088] For example, the AD conversion circuit 45 may
repeatedly perform AD conversion plural times at constant
time intervals under the control of the MPU 17, then the
resultant plural output values except the maximum and
minimum values may be averaged, and the average value
may be introduced to the MPU 17. By eliminating the
maximum and minimum values, noise peak components can
be eliminated. Also, the resultant plural output values may
be simply averaged.

(A-2-4. Step ST4)

[0089] Next, in step ST4, compensation for the tempera-
ture change is applied to the output values of the R, G and
B brightness sensors 4 This process is performed by the light
sensor temperature compensation means 14 and the addition
means 15 in the MPU 17 illustrated in FIG. 1.

[0090] For the compensation, the gain change in the
brightness sensor 4 and the dark-current change in the
brightness sensor 4 are taken into account, as factors vari-
able with the temperature. The changes due to both the
factors are defined as a first-degree equation and are com-
pensated for on the basis of the following equation (4).

ADCHX)=ADC(X)+Gain change in brightness sen-

sor+Dark current change in brightness sensor=

ADCHX)+ARa(X)+b “
[0091] The processing for At*a(X)+b in the aforemen-
tioned equation (4) is performed by the temperature com-
pensation means 14, and this process can be referred to as a
process of setting a compensation value (first compensation
value) to the temperature characteristic of the output of the
brightness sensor 4.

[0092] Detection value of temperature sensor at brightness
value of X: T(X)

[0093] Detection value of brightness sensor at brightness
value of X: ADC(X)

[0094] Reference value of temperature sensor at bright-
ness value of X: ¢(X)

[0095] Temperature compensated brightness sensor detec-
tion value at brightness value of X: ADC,(X)

[0096] Gain change coeflicient of brightness sensor at
brightness value of X: a(X)

[0097] Dark current change coeflicient of brightness sen-
sor at brightness value of X: b
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[0098] Temperature difference from reference temperature
at brightness value of X:

AME)=1(0)-T(Y)

[0099] Out of the aforementioned parameters, the refer-
ence value of the temperature sensor at a brightness value of
X indicates the temperature detected by the temperature
detection means 3 at a brightness value of X during the
previously described white-color-point adjustment. Further,
this reference value is used as the reference temperature, and
the temperature compensation values are defined as a func-
tion of the temperature change (At) with respect to the
reference temperature.

[0100] The brightness sensors for the respective colors
exhibit different gain change coeflicients a(X) at a brightness
value of X and, therefore, the calculation equation (4) is
represented as follows, in taking into account of the differ-
ence among the R, G and B brightness sensors (the differ-
ence of the detected-value change per unit temperature
change).

ADCIX)(R)=ADCr(X)+Ara(X)(R)+b(R) ©)
ADCIX)(G)=ADC(X)+Ara(X)(G)+b(G) (6)
ADCH(X)(B)=ADC1(X)+Ara(X)(B)+b(B) )

[0101] Here, ADCK(X)(R), ADCI(X)(G) and ADCt(X)(B)

indicate the temperature-compensated detected values of the
brightness sensors for the red channel, the green channel and
the blue channel at a brightness of X. Further, a(X)(R),
a(X)(G) and a(X)(B) indicate the gain change coeflicients of
the brightness sensors for the red channel, the green channel
and the blue channel at a brightness of X. Further, b(R), b(G)
and b(B) indicate the dark-current change coeflicients of the
brightness sensors for the red channel, the green channel and
the blue channel. Hereinafter, description will be provided
on the basis of the calculation equation (4), for convenience.

(A-2-4-1. Determination of Gain Change Coefficient of
Brightness Sensor)

[0102] Here, the gain change coefficient a(X) of a bright-
ness sensor is determined according to the following calcu-
lation equation (8).
a(X)={ADC(Top)-ADC  (Bor)}*(Base_a(X)/{Base__
ADC(Top)-Base__ADC(Bor)} (8)
[0103] Reference ADC upper limit of brightness sensor:
Base_ADC (Top)

[0104] Reference ADC lower limit of brightness sensor:
Base_ADC (Bot)

[0105] Reference temperature change coefficient of
brightness sensor: Base_a (X)

[0106] The reference ADC upper limit of the brightness
sensor is defined as follows.

[0107] That is, the reference ADC upper limit is defined as
the output value of the AD conversion circuit 45 obtained by
introducing, to the AD conversion circuit 45 (FIG. 3), the
voltage output from the brightness sensor at a maximum
operable dynamic range thereof within its designed standard
output operation range.

[0108] The reference ADC lower limit of the brightness
sensor is defined as follows.
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[0109] That is, the reference ADC lower limit is defined as
the output value of the AD conversion circuit 45 obtained by
introducing, to the AD conversion circuit 45 (FIG. 3), the
voltage output from the brightness sensor at a minimum
operable dynamic range thereof within its designed standard
output operation range.

[0110] Further, the reference temperature change coeffi-
cient of the brightness sensor is a coeflicient indicative of the
designed standard gain change of the brightness sensor with
respect to the temperature change.

[0111] Further, the coefficient defined as (Base_a(X)/
{Base_ADC(Top)-Base_ADC(Bot)} in the right-hand side
of the calculation equation (8) is stored, as a correction

coeflicient (parameter) value, in the nonvolatile memory 30
(FIG. 3).

[0112] Further, the aforementioned correction coefficient
can be rewritten by an operator during manufacturing,
through operations of adjustment push buttons provided on
the OSD (On Screen Display) and the display bezel portion
or through commands transmitted via means for communi-
cating with external devices.

[0113] TFurther, ADC(Top) and ADC(Bot) in { ADC(Top)-
ADC(Bot)} in the left-hand side of the calculation equation
(8) indicate the outputs of the AD conversion circuit 45
which correspond to the maximum output voltage and the
minimum output voltage of the brightness sensor. Further,
ADC(Top) and ADC(Bot) are values specific to the liquid
crystal display device and are stored in the nonvolatile
memory 30 (FIG. 3). Further, these values can be also
rewritten by an operator during manufacturing, through
operations of adjustment push buttons provided on the OSD
(On Screen Display) and the display bezel portion or
through commands transmitted via means for communicat-
ing with external devices.

(A-2-4-2. Determination of Dark Current Change Coeffi-
cient of Brightness Sensor)

[0114] Here, the dark-current change coefficient b of the
brightness sensor is determined according to the following
calculation equation (9).

b=Alsens*Rsens*ADCrange/Vsens 9
[0115]

[0116] Resistance for converting sensor electric current
into voltage: Rsens

Electric current change: Alsens

[0117] Variable range of sensor output voltage: Vsens
[0118] Sensor ADC detection output range: ADCrange
[0119] The aforementioned parameters are individually

defined for the red, green and blue channels, and the
dark-current change coefficient b of the brightness sensor is
varied depending on the channel, as indicated by the calcu-
lation equations (5) to (7).

(A-2-5. Step ST5)

[0120] Next, in step ST5, compensation for the tempera-
ture change in the spectral transmittance of the liquid crystal
display panel is applied to the temperature-compensated
brightness-sensor detection value ADCt(X), which has been
resulted from the compensation for the temperature change
in the detection values of the R, G and B brightness sensors
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4 on the basis of the calculation equation (4). This process
is executed by the liquid crystal display panel temperature
compensation means 12 and the multiplication means 13 in
the MPU 17 illustrated in FIG. 1.

[0121] This compensating process is performed on the

basis of the following calculation equations (10) to (12).
ADCy cp1@=ADCHX)(R)*ALCDd1ift (R) (10)
ADCy cpy76y=ADCHX)(G)ARLCDift (G) an
ADCy cpyyp=ADCHX)(ByArLCDdrif (B) 12)

[0122] The processing for AteL.CDdrift(R),

At LCDdrift(G) and AteLCDdrift(B) in the aforementioned
equations (10) to (12) is executed by the liquid crystal
display panel temperature compensation means 12 and, this
processing can be referred to as processing for setting a
value (second compensation value) to the temperature char-
acteristic of the spectral transmittance of the liquid crystal
display panel.

[0123] ADC;pr(R): panel temperature compensated
detection value of red channel brightness sensor

[0124] ADC;n(G): panel temperature compensated
detection value of green channel brightness sensor

[0125] ADC,pr(B): panel temperature compensated
detection value of blue channel brightness sensor

[0126] ADCtX)(R): detection value of red channel
brightness sensor (after sensor temperature compensation)

[0127] ADCtX)(G): detection value of green channel
brightness sensor (after sensor temperature compensation)

[0128] ADCt(X)(B): detection value of blue channel
brightness sensor (after sensor temperature compensation)

[0129] LCDdrift(R): temperature change coefficient of lig-
uid crystal display panel, for red channel

[0130] LCDdrift(G): temperature change coefficient of
liquid crystal display panel, for green channel

[0131] LCDdrifi(B): temperature change coefficient of lig-
uid crystal display panel, for blue channel

[0132] The temperature change coeflicients of the liquid
crystal display panel, for the respective channels are coef-
ficients indicating the change of the spectral transmittance
with respect to the temperature change in the liquid crystal
display panel and, these coefficients for the respective chan-
nels are determined and set during manufacturing and are
stored in the nonvolatile memory 30 (FIG. 3). Also, these
values can be rewritten by an operator during manufactur-
ing, through operations of adjustment push buttons provided
on the OSD (On Screen Display) and the display bezel
portion or through commands transmitted via means for
communicating with external devices.

(A-2-6. Step ST6)

[0133] Next, in step ST6, a comparison is made between
the panel-temperature-compensated detection value of the
red-channel brightness sensor resulted from the calculation
equation (10) and the red-channel feedback-control target
value defined according to the calculation equation (1) to
calculate the absolute difference value therebetween and,
then, it is determined whether or not the absolute difference
value is equal to or less than a predetermined threshold value
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(threshold value A). This determination operation is
executed by a comparison means 8 in the MPU 17 illustrated
in FIG. 1.

[0134] 1If the difference between the detection value and
the target value is equal to or less than the threshold value
A, the process proceeds to step ST10. On the other hand, if
the difference between the detection value and the target
value exceeds the threshold value A, the process proceeds to
step ST7.

(A-2-7. Step ST7)

[0135] 1In step ST7, it is determined whether or not the
panel-temperature-compensated detection value of the red-
channel brightness sensor is greater than the red-channel
feedback-control target value.

[0136] If the detection value is determined to be greater
than the target value, the process proceeds to step ST8. If the
detection value is determined to be smaller than the target
value, the process proceeds to step ST9.

(A-2-8. Step ST8)

[0137] In step ST8, the PWM controller 7 is controlled
such that the electric power supplied to the red LED group
51 (FIG. 3) is reduced by a certain amount and, thereafter,
the process proceeds to step ST10.

(A-2-9. Step ST9)

[0138] In step ST9, the PWM controller 7 is controlled
such that the electric power supplied to the red LED group
51 (FIG. 3) is increased by a certain amount and, thereafter,
the process proceeds to step ST10. The amounts of increase
and reduction of the supplied electric power are determined
in advance in consideration of the characteristics of the
respective LEDs and the operation characteristics of the
liquid crystal display panel 1 and the like.

(A-2-10. Step ST10)

[0139] In step ST10, a comparison is made between the
panel-temperature-compensated detection value of the
green-channel brightness sensor resulted from the calcula-
tion equation (11) and the green-channel feedback-control
target value defined according to the calculation equation (2)
to calculate the absolute difference value therebetween and,
then, it is determined whether or not the absolute difference
value is equal to or less than a predetermined threshold value
(threshold value B). This determination operation is
executed by the comparison means 8 in the MPU 17
illustrated in FIG. 1.

[0140] If the difference between the detection value and
the target value is equal to or less than the threshold value
B, the process proceeds to step ST14. On the other hand, if
the difference between the detection value and the target
value exceeds the threshold value B, the process proceeds to
step ST11.

(A-2-11. Step STI1)

[0141] In step ST11, it is determined whether or not the
panel-temperature-compensated detection value of the
green-channel brightness sensor is greater than the green-
channel feedback-control target value.

[0142] If the detection value is determined to be greater
than the target value, the process proceeds to step ST12. If
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the detection value is determined to be smaller than the
target value, the process proceeds to step ST13.

(A-2-12. Step ST12)

[0143] In step ST12, the PWM controller 7 is controlled
such that the electric power supplied to the green LED group
52 (FIG. 3) is reduced by a certain amount and, thereafter,
the process proceeds to step ST14.

(A-2-13. Step ST13)

[0144] 1In step ST13, the PWM controller 7 is controlled
such that the electric power supplied to the green LED group
52 (FIG. 3) is increased by a certain amount and, thereafter,
the process proceeds to step ST14.

(A-2-14. Step ST14)

[0145] Next, in step ST14, a comparison is made between
the panel-temperature-compensated detection value of the
blue-channel brightness sensor resulted from the calculation
equation (12) and the blue-channel feedback-control target
value defined according to the calculation equation (3) to
calculate the absolute difference value therebetween and,
then, it is determined whether or not the absolute difference
value is equal to or less than a predetermined threshold value
(threshold value C). This determination operation is
executed by a comparison means 8 in the MPU 17 illustrated
in FIG. 1.

[0146] If the difference between the detection value and
the target value is equal to or less than the threshold value
C, the process proceeds to step ST18. On the other hand, if
the difference between the detection value and the target
value exceeds the threshold value C, the process proceeds to
step ST15.

(A-2-15. Step ST15)

[0147] In step ST15, it is determined whether or not the
panel-temperature-compensated detection value of the red-
channel brightness sensor is greater than the red-channel
feedback-control target value.

[0148] If the detection value is determined to be greater
than the target value, the process proceeds to step ST16. If
the detection value is determined to be smaller than the
target value, the process proceeds to step ST17.

(A-2-16. Step ST16)

[0149] In step ST16, the PWM controller 7 is controlled
such that the electric power supplied to the blue LED group
53 (FIG. 3) is reduced by a certain amount and, thereafter,
the process proceeds to step ST18.

(A-2-17. Step ST17)

[0150] In step ST17, the PWM controller 7 is controlled
such that the electric power supplied to the blue LED group
53 (FIG. 3) is increased by a certain amount and, thereafter,
the process proceeds to step ST18.

(A-2-18. Step ST18)

[0151] In step ST18, it is determined whether or not the
brightness or color-temperature changing operations have
been performed. If any of the changing operations has been
performed, the process returns to step ST1 where the respec-
tive parameters are set again and the operations from step
ST1 are repeated.
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[0152] On the other hand, if any changing operation has
not been performed, the process returns to step ST3 and the
feedback processing is repeated.

[0153] Plural color-temperature set values are preset in
advance and an arbitrary one can be selected. In the case of
changing the setting of the color temperature, the operations
from step ST1 are repeated.

(A-3. Effects and Advantages)

[0154] As described above, the liquid crystal display
device 100 according to the present invention applies com-
pensation for the temperature change to the brightness-
sensor detection value to obtain a compensated light sensor
detected value, further applies compensation for the tem-
perature change in the spectral transmittance of the liquid
crystal display panel to the compensated light sensor detec-
tion value to obtain a panel-temperature-compensated light
sensor detected value. Further, the liquid crystal display
device 100 compares the panel-temperature-compensated
light sensor detection value with a feedback-control target
value and, if it does not reach the feedback-control target
value or if it exceeds the feedback-control target value, the
device 100 performs controls for increasing or reducing the
electric power supplied to the respective LEDs for R, G and
B, which can compensate for the changes of the detection
value of the brightness sensor 4 and the color of the liquid
crystal display panel 1 caused by the temperature rise within
the display cabinet after power-on, thereby stabilizing the
brightness and chromaticity of white light soon after the
power-on.

[0155] FIG. 5 illustrates a white-light fluctuation charac-
teristic of the liquid crystal display panel 1 of the liquid
crystal display device 100.

[0156] In FIG. 5, the horizontal axis represents the
elapsed time (second) while the vertical axis represents the
color difference (AEab) from finally-stabilized brightness
and chromaticity.

[0157] FIG. 5 also illustrates, for comparison, a white-
light fluctuation characteristic of a liquid crystal display
monitor employing a conventional cold cathode fluorescent
lamp (CCFL) as the backlight source.

[0158] As can be seen from FIG. 5, the liquid crystal
display device 100 which performs feedback control accord-
ing to the present invention can converge the AEab of white
light to below 1 within a single minute just after power-on,
while the CCFL backlight LCD requires 10 to 20 minutes to
converge the AEab of white light to below 1.

[0159] As described above, in comparison with the CCDL
backlight LCD, the liquid crystal display panel 100 can
significantly reduce the time required for stabilizing white
light.

(B. Second Embodiment)

(B-1. Device Configuration)

[0160] FIG. 6 is a block diagram illustrating the structure
of a liquid crystal display device 200 according to a second
embodiment of the present invention. In FIG. 6, like refer-
ence characters describe the same components as those of
the liquid crystal display device 100 illustrated in FIG. 1 and
description thereof will not be repeated.
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[0161] The feedback control means 17 for controlling the
PWM controller 7 is configured to include a brightness
setting means 9, a color setting means 10, a light sensor
temperature compensation means 14 for compensating for
fluctuations of the output of the light detection means 4
(referred to as a light sensor or a brightness sensor, in some
cases) due to the temperature changes, a liquid crystal
display panel temperature compensation means 12 for com-
pensating for fluctuations of the spectral transmittance of the
liquid crystal display panel due to the temperature changes,
a multiplication means 11 which receives the outputs of the
brightness setting means 9 and the color setting means 10,
an addition means 15 for summing the output of the multi-
plication means 11 and the output of the light sensor
temperature compensation means 14, a multiplication means
13 for multiplying the output of the addition means 15 by the
output of the liquid crystal display panel temperature com-
pensation means 12 and, a comparison means 8 which is fed
with the output of the multiplication means 13 (namely, the
color setting target value to which the light sensor tempera-
ture compensation and the liquid-crystal-panel temperature
compensation have been applied) at one of the inputs thereof
and also is fed with the result of detection by the light
detection means 4 at the other input.

[0162] Further, the output of the light detection means 4 is
supplied to the comparison means 8 in the feedback control
means 17 through a low-pass filter 16 for cutting a PWM
frequency region for driving the LED:s.

[0163] Further, the output of the temperature detection
means 3 is supplied to the aforementioned light sensor
temperature compensation means 14 and the liquid crystal
display panel temperature compensation means 12.

[0164] The backlight system used in the liquid crystal
display device 200 is the same as the backlight system 21
described using FIG. 2.

[0165] Further, the respective structures of the light detec-
tion means 4, the LED driver 6 and the LED backlight
source 5 are also the same as those described using FIG. 3.

(B-2. Device Operation)

[0166] Next, with reference to a flowchart of FIG. 7, there
will be described a light feedback-control processing opera-
tion in the liquid crystal display device 200.

(B-2-1. Step ST21)

[0167] At power-on of the display, the MPU 17 performs
initial setting of the PWM-control outputs of the PWM
controller 7 for red (R), green (G) and blue (B) (step ST21).
This operation is the same as the operation in step ST1
described using FIG. 4 and further description thereof is
omitted herein.

(B-2-2. Step ST22)

[0168] Then, feedback-control target values (brightness-
control target values) corresponding to the R, G and B output
values of the brightness sensors 4 are set, in accordance with
a predetermined color temperature (Step ST22). This opera-
tion is the same as the operation in step ST2 described using
FIG. 4 and further description thereof is omitted herein.

[0169] The feedback-control target values set in step ST22
are set and determined on the basis of the initial values of the
R, G and B feedback-control target values, which have been
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stored in advance in the nonvolatile memory 30 (FIG. 3) on
the basis of the predetermined color temperature, according
to the previously-described calculation equations (1), (2)
and (3) for the set brightnesses.

(B-2-3. Step ST23)

[0170] Next, the R, G and B output values of the light-
detection means 4 are detected in step ST23. Further, in the
following description, the light detection means 4 will be
described as being a brightness sensor 4. Further, since the
color of emitted light from the light guide plate 2 can be
determined by detecting the brightnesses of the respective
colors, R, G and B, and calculating the color using the
brightnesses, the brightness sensor 4 can also be referred to
as a color detection means. This operation is the same as the
operation in step ST3 described using FIG. 4 and further
description thereof is omitted herein.

(B-2-4. Step ST24)

[0171] Next, in step ST24, compensation for temperature
changes in the brightness sensor 4 is applied to the R, G and
B feedback-control target values defined according to the
aforementioned calculation equations (1), (2) and (3). This
process is performed by the light sensor temperature com-
pensation means 14 and the addition means 15 in the MPU
17 illustrated in FIG. 6.

[0172] For the compensation, the gain change in the
brightness sensor 4 and the dark-current change in the
brightness sensor 4 are taken into account, as factors vari-
able with the temperature. The changes due to both the
factors are defined as a first-degree equation and are com-
pensated for on the basis of the following equation (13).

TGTHX)=TGT1(X)}+Gain change in brightness sensor+

Dark current change in brightness sensor=TGT7(X)+

Ara(X)+b’ 13)
[0173] The processing for Atea(X)'+b in the aforemen-
tioned equation (13) is performed by the temperature com-
pensation means 14, and this process can be referred to as a
process for setting a compensation value (first compensation
value) to the temperature characteristic of the output of the
brightness sensor 4.

[0174] Detection value of temperature sensor at brightness
value of X: T(X)

[0175] Feedback control target value at brightness value of
X TGT(X)
[0176] Reference value of temperature sensor at bright-

ness value of X: ¢(X)

[0177] Temperature compensated feedback control target
value at brightness value of X: TGT(X)

[0178] Gain change coeflicient of brightness sensor at
brightness value of X: a(X)'

[0179] Dark current change coeflicient of brightness sen-
sor at brightness value of X: b'

[0180] Temperature difference from reference temperature
at brightness value of X:

A()=1(0)-T()

[0181] Out of the aforementioned parameters, the refer-
ence value of the temperature sensor at a brightness value of
X indicates the temperature detected by the temperature
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sensor 3 at a brightness value of X during the previously
described white-color-point adjustment. Further, this refer-
ence value is used as the reference temperature, and the
temperature compensation values are defined as a function
of the temperature change (At) with respect to the reference
temperature.

[0182] The brightness sensors for the respective colors
exhibit different gain change coeflicients a(X)' at a bright-
ness value of X and, therefore, the calculation equation (13)
is represented as follows, in taking into account of the
difference among the R, G and B brightness sensors (the
difference of the detection-value change per unit tempera-
ture change).

TGTHX)R)=TCT(X+Aa(X)(R1+5(R) (14)
TGTHXY(G)=TGT (X +Aea(X)(G)+E(G) (15)
TGTHX)(B)=TGT(X+Aa(X)(B)+b(BY (16)

[0183] Here, TGTU(X)R), TGT(X)(G) and TGTH(X)(B)

indicate the temperature-compensated feedback-control tar-
get values for the red channel, the green channel and the blue
channel at a brightness of X. Further, a(X)'(R), a(X)'(G) and
a(X)'(B) indicate the gain change coeflicients of the bright-
ness sensors for the red channel, the green channel and the
blue channel at a brightness of X. Further, b'(R), b'(G) and
b'(B) indicate the dark-current change coeflicients of the
brightness sensors for the red channel, the green channel and
the blue channel. Hereinafter, description will be provided
on the basis of the calculation equation (13), for conve-
nience.

(B-2-4-1. Determination of Gain Change Coefficient of
Brightness Sensor)

[0184] Here, the gain change coefficient a(X) of a bright-
ness sensor is determined according to the following calcu-
lation equation (17).
a(X)'={4DC(Top)-ADC (Bot)}*(Base_a(X)/{Base__
4DC(Top)-Base_ADC(Bor)} 17
[0185] Reference ADC upper limit of brightness sensor:
Base_ADC (Top)

[0186] Reference ADC lower limit of brightness sensor:
Base_ADC (Bot)

[0187] Reference temperature change coefficient of
brightness sensor: Base_a(X)'

[0188] Further, the coefficient defined as (Base_a(X)/
{Base_ADC(Top)-Base_ADC(Bot)} in the right-hand side
of the calculation equation (17) is stored, as a correction
coeflicient (parameter) value, in the nonvolatile memory 30
(FIG. 3).

[0189] Further, the aforementioned correction coefficient
can be rewritten by an operator during manufacturing,
through operations of adjustment push buttons provided on
the OSD (On Screen Display) and the display bezel portion
or through commands transmitted via means for communi-
cating with external devices.

[0190] Further, ADC(Top) and ADC(Bot) in { ADC(Top)-
ADC(Bot)} in the left-hand side of the calculation equation
(8) indicate the outputs of the AD conversion circuit 45
which correspond to the maximum output voltage and the
minimum output voltage of the brightness sensor. Further,
ADC(Top) and ADC(Bot) are values specific to the liquid
crystal display device and are stored in the nonvolatile
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memory 30 (FIG. 30). Further, these values can be also
rewritten by an operator during manufacturing, through
operations of adjustment push buttons provided on the OSD
(On Screen Display) and the display bezel portion or
through commands transmitted via means for communicat-
ing with external devices.

(B-2-4-2. Determination of Dark Current Change Coefli-
cient of Brightness Sensor)

[0191] Here, the dark-current change coefficient b' of the
brightness sensor is determined according to the following
calculation equation (18).

b'=Alsens*Rsens*ADCrange/Vsens (18)

[0192] Electric current change: Alsens

[0193] Resistance for converting sensor electric current
into voltage: Rsens

[0194] Variable range of sensor output voltage: Vsens
[0195] Sensor ADC detection output range: ADCrange
[0196] The aforementioned parameters are individually

defined for the red, green and blue channels, and the
dark-current change coefficient b' of the brightness sensor is
varied depending on the channel, as indicated by the calcu-
lation equations (14) to (16).

(B-2-5. Step ST25)

[0197] Next, in step ST25, compensation for the spectral
transmittance characteristic of the liquid crystal display
panel caused by the temperature change is applied to the
temperature-compensated feedback-control target value
TGTH(X) at a brightness value of X, which has been resulted
from the compensation on the basis of the calculation
equation (13). This process is executed by the liquid crystal
display panel temperature compensation means 12 and the
multiplication means 13 in the MPU 17 illustrated in FIG.
16.

[0198] This compensating process is performed on the

basis of the following calculation equations (19) to (21).
TGTy cprary=TGTUX (R ARLCDArifH(R) (19)
TGTy cp1ay=TGTHX)(G) AL CDdrifl(G) (20)
TGT cpy1ey=TGTHX)(B)"ArLCDdrift (B 1)

[0199] The processing for At LCDdrift(R),

AteLCDdrift(G)' and At*L.CDdrift(B)' in the aforementioned
equations (19) to (21) is executed by the liquid crystal
display panel temperature compensation means 12 and, this
processing can be referred to as processing for setting a
compensation value (second compensation value) to the
temperature characteristic of the spectral transmittance of
the liquid crystal display panel.

[0200] TGT cpry: Panel temperature compensated
feedback control target value for red channel

[0201] TGT cpr): Panel temperature compensated
feedback control target value for green channel

[0202] TGTicpre): Panel temperature compensated
feedback control target value for blue channel

[0203] TGTHX)(R): Feedback control target value for red
channel (after sensor temperature compensation)
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[0204] TGTHX)G): Feedback control target value for
green channel (after sensor temperature compensation)

[0205] TGTHX)B): Feedback control target value for
blue channel (after sensor temperature compensation)

[0206] LCDdrift(R): Temperature change coefficient of
liquid crystal display panel, for red channel

[0207] LCDdrifi(G): Temperature change coefficient of
liquid crystal display panel, for green channel

[0208] LCDdrift(B): Temperature change coefficient of
liquid crystal display panel, for blue channel

(B-2-6. Step ST26)

[0209] Next, in step ST6, a comparison is made between
the panel-temperature-compensated feedback-control target
value for the red channel determined according to the
calculation equation (19) and the red-channel brightness
detection value from the brightness sensor 4 to calculate the
absolute difference value therebetween and, then, it is deter-
mined whether or not the absolute difference value is equal
to or less than a predetermined threshold value (threshold
value A). This determination operation is executed by the
comparison means 8 in the MPU 17 illustrated in FIG. 6.

[0210] If the difference between the detection value and
the target value is equal to or less than the threshold value
A, the process proceeds to step ST30. On the other hand, if
the difference between the detection value and the target
value exceeds the threshold value A, the process proceeds to
step ST27.

(B-2-7. Step ST27)

[0211] In step ST27, it is determined whether or not the
detection value of the brightness sensor for the red channel
is greater than the panel-temperature-compensated feed-
back-control target value for the red-channel.

[0212] 1If the detection value is determined to be greater
than the target value, the process proceeds to step ST28. If
the detection value is determined to be smaller than the
target value, the process proceeds to step ST29.

(B-2-8. Step ST28)

[0213] In step ST28, the PWM controller 7 is controlled
such that the electric power supplied to the red LED group
51 (FIG. 3) is reduced by a certain amount and, thereafter,
the process proceeds to step ST30.

(B-2-9. Step ST29)

[0214] In step ST29, the PWM controller 7 is controlled
such that the electric power supplied to the red LED group
51 (FIG. 3) is increased by a certain amount and, thereafter,
the process proceeds to step ST30.

(B-2-10. Step ST30)

[0215] Next, in step ST30, a comparison is made between
the panel-temperature-compensated feedback-control target
value for the green channel determined according to the
calculation equation (20) and the green-channel brightness
detection value from the brightness sensor 4 to calculate the
absolute difference value therebetween and, then, it is deter-
mined whether or not the absolute difference value is equal
to or less than a predetermined threshold value (threshold
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value B). This determination operation is executed by the
comparison means 8 in the MPU 17 illustrated in FIG. 6.

[0216] If the difference between the detection value and
the target value is equal to or less than the threshold value
B, the process proceeds to step ST34. On the other hand, if
the difference between the detection value and the target
value exceeds the threshold value B, the process proceeds to
step ST31.

(B-2-11. Step ST31)

[0217] In step ST31, it is determined whether or not the
detection value of the brightness sensor for the green chan-
nel is greater than the panel-temperature-compensated feed-
back-control target value for the green-channel.

[0218] If the detection value is determined to be greater
than the target value, the process proceeds to step ST32. If
the detection value is determined to be smaller than the
target value, the process proceeds to step ST33.

(B-2-12. Step ST32)

[0219] In step ST32, the PWM controller 7 is controlled
such that the electric power supplied to the green LED group
52 (FIG. 3) is reduced by a certain amount and, thereafter,
the process proceeds to step ST34.

(B-2-13. Step ST33)

[0220] In step ST33, the PWM controller 7 is controlled
such that the electric power supplied to the green LED group
52 (FIG. 3) is increased by a certain amount and, thereafter,
the process proceeds to step ST34.

(B-2-14. Step ST34)

[0221] Next, in step ST34, a comparison is made between
the panel-temperature-compensated feedback-control target
value for the blue channel determined according to the
calculation equation (21) and the blue-channel brightness
detection value from the brightness sensor 4 to calculate the
absolute difference value therebetween and, then, it is deter-
mined whether or not the absolute difference value is equal
to or less than a predetermined threshold value (threshold
value C). This determination operation is executed by the
comparison means 8 in the MPU 17 illustrated in FIG. 6.

[0222] If the difference between the detection value and
the target value is equal to or less than the threshold value
C, the process proceeds to step ST38. On the other hand, if
the difference between the detection value and the target
value exceeds the threshold value C, the process proceeds to
step ST35.

(B-2-15. Step ST35)

[0223] In step ST35, it is determined whether or not the
detection value of the brightness sensor for the blue channel
is greater than the panel-temperature-compensated feed-
back-control target value for the blue-channel.

[0224] If the detection value is determined to be greater
than the target value, the process proceeds to step ST36. If
the detection value is determined to be smaller than the
target value, the process proceeds to step ST37.

(B-2-16. Step ST36)

[0225] 1In step ST36, the PWM controller 7 is controlled
such that the electric power supplied to the blue LED group
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53 (FIG. 3) is reduced by a certain amount and, thereafter,
the process proceeds to step ST38.

(B-2-17. Step ST37)

[0226] In step ST37, the PWM controller 7 is controlled
such that the electric power supplied to the blue LED group
53 (FIG. 3) is increased by a certain amount and, thereafter,
the process proceeds to step ST38.

(B-2-18. Step ST38)

[0227] In step ST38, it is determined whether or not the
brightness or color-temperature changing operations have
been performed. If any of the changing operations has been
performed, the process retums to step ST21 where the
respective parameters are set again and the operations from
step ST21 are repeated.

[0228] On the other hand, if any changing operation has
not been performed, the process returns to step ST23 and the
feedback processing is repeated.

[0229] Plural color-temperature set values are preset in
advance and an arbitrary one can be selected. In the case of
changing the setting of the color temperature, the operations
from step ST1 are repeated.

(B-3. Effects and Advantages)

[0230] As described above, the liquid crystal display
device 200 according to the present invention applies com-
pensation for the temperature change in the brightness-
sensor detection value to a feedback-control target value to
obtain a compensated feedback-control target value, further
applies compensation for the temperature change in the
spectral transmittance of the liquid crystal display panel to
the compensated feedback-control target value to obtain a
panel-temperature-compensated  feedback-control  target
value. Further, the liquid crystal display device 200 com-
pares the panel-temperature-compensated feedback-control
target value with the detection value from the brightness
sensor 4 and, if the detection value from the brightness
sensor does not reach the panel-temperature-compensated
feedback-control target value or if it exceeds the panel-
temperature-compensated feedback-control target value, the
device 200 performs control for increasing or reducing the
electric power supplied to the respective LEDs for R, G and
B, which can compensate for the changes of the detection
value of the brightness sensor 4 and the color of the liquid
crystal display panel 1 caused by the temperature rise within
the display cabinet after power-on, thereby stabilizing the
brightness and chromaticity of white light soon after the
power-on.

[0231] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustra-
tive and not restrictive. It is therefore understood that
numerous modifications and variations can be devised with-
out departing from the scope of the invention.

What is claimed is:

1. A liquid crystal display device which uses, as backlight
of a liquid crystal display panel, white light generated from
a light guide plate adapted to mix plural monochromatic
lights into white light, said liquid crystal display device
comprising:

12
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control means that individually controls the light intensi-
ties of plural light sources for said plural monochro-
matic lights;

light detection means that detects the brightness of the
white light of said backlight;

temperature detection means that measures the tempera-
ture in the vicinity of said liquid crystal display panel;
and

feedback control means that receives the brightness detec-
tion value detected by said light detection means and
performs a feedback control to said control means in
terms of the electric power supplied to said plural light
sources such that said brightness detection value is
brought into agreement with a set brightness, wherein

said feedback control means includes:

first temperature compensation means that sets a first
compensation value to the temperature characteristic of
the output of said light detection means caused by the
temperature change. on the basis of the detected tem-
perature by said temperature detection means; and

second temperature compensation means that sets a sec-
ond compensation value to the temperature character-
istic of the spectral transmittance of said liquid crystal
display panel caused by the temperature change, on the
basis of said detected temperature, and

said feedback control means performs said feedback
control on the basis of said first and second compen-
sation values.
2. The liquid crystal display device according to claim 1,
wherein

said feedback control means includes comparison means
that makes a comparison between a feedback control
target value set on the basis of said set brightness and
a panel-temperature-compensated brightness detection
value resulted from the multiplication of a temperature-
compensated brightness detection value by said second
compensation value, said temperature-compensated
brightness detection value being resulted from the
addition of said first compensation value to said bright-
ness detection value detected by said light detection
means, and

if said panel-temperature-compensated brightness detec-
tion value is below said feedback-control target value
or if said panel-temperature-compensated brightness
detection value exceeds said feedback-control target
value, said control means is controlled such that the
electric power supplied to said plural light sources is
reduced or increased.

3. The liquid crystal display device according to claim 1,

wherein

said feedback control means includes comparison means
that makes a comparison between said brightness
detection value detected by said light detection means
and a panel-temperature-compensated feedback-con-
trol target value resulted from the multiplication of a
temperature-compensated  feedback-control  target
value by said second compensation value, said tem-
perature-compensated feedback-control target value
being resulted from the addition of said first compen-
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sation value to a feedback-control target value defined
on the basis of said set brightness, and

if said panel-temperature-compensated feedback-control
target value is below said brightness detection value or
if said panel-temperature-compensated feedback-con-
trol target value exceeds said brightness detection
value, said control means is controlled such that the
electric power supplied to said plural light sources is
reduced or increased.

4. The liquid crystal display device according to claim 1,

wherein

said light detection means includes red, green and blue
brightness sensors employing band-pass filters of red,
green and blue lights for dispersing white light from
said backlight source into red, green and blue mono-
chromatic lights and then detecting the brightnesses of
the respective lights,

said plural light sources include red, green and blue light
emitting diodes, and

said feedback control means individually performs feed-
back controls of the electric powers supplied to said
red, green and blue light emitting diodes to control their
light intensities individually.
5. The liquid crystal display device according to claim 1,
wherein

said first compensation value of said first temperature
compensation means is set by multiplying the differ-
ence between said detected temperature detected by
said temperature detection means and a preset reference
temperature by a gain change coeflicient indicative of
the change in the detection gain of said light detection
means with respect to the temperature change.

6. The liquid crystal display device according to claim 5,

further comprising:

readable and writable storage means, wherein

said gain change coeflicient is determined by multiplying
the difference between a maximum output value and a
minimum output value from said light detection means
by a correction coefficient set on the basis of a design
standard value of said light detection means,
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said correction coefficient, said maximum output value
and minimum output value from said light detection
means are stored in said storage means, and

said storage means is structured to be writable from the
outside.
7. The liquid crystal display device according to claim 1,
wherein

said second compensation value of said second tempera-
ture compensation means is set by multiplying the
difference between said detected temperature detected
by said temperature detection means and a preset
reference temperature by a temperature change coeffi-
cient indicative of the change in the spectral transmit-
tance of said liquid crystal display panel with respect to
the temperature change.

8. The liquid crystal display device according to claim 7,

further comprising:

readable and writable storage means, wherein

said temperature change coeflicient is stored in said
storage means, and

said storage means is structured to be writable from the
outside.
9. The liquid crystal display device according to claim 1,
further comprising:

brightness setting means that enables arbitrarily setting
the brightness of said liquid crystal display panel,
wherein

the content of setting of said brightness setting means can
be changed from the outside.
10. The liquid crystal display device according to claim 1,
further comprising:

color setting means that enables arbitrarily setting the
color of said liquid crystal display panel, wherein

the content of setting of said color setting means can be
changed from the outside.
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