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LIQUID CRYSTAL DISPLAY DEVICE AND
LIQUID CRYSTAL TELEVISION

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Theentiredisclosure of Japanese Patent Application
No. 2007-193320, filed Jul. 25, 2007, is expressly incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device correcting the luminance of the screen, and in
particularto a liquid crystal display device and a liquid crystal
television using a backlight and correcting the luminance
varied owing to the panel characteristic.

[0004] 2. Description of the Related Art

[0005] FIG. 2 is a diagram showing the luminance of the
screen in a predetermined period after the power is switched
ON. According to the drawing, the luminance of an image
displayed on the screen increases in a predetermined period
of time after the power is switched ON, namely in a drive
beginning period, along a gentle curve, and then, decreases
gradually to be saturated in a constant level. Therefore, the
luminance on the screen decreases gradually to be darker,
which causes the user as a viewing audience to feel uncom-
fortable. It is known that the variation in luminance caused
when powering on as described above depends on the tem-
perature characteristic of a cold cathode tube used as the
backlight, and the temperature characteristic of sheets (in
particular a lens sheet) of the optical system used inside the
liquid crystal display device.

[0006] FIG. 9 is a perspective view showing the inside of
the backlight in the related art. According to the drawing, the
backlight 1 has a configuration including a cold cathode tube
2 for emitting light as a light source, a lamp reflector 3 for
reflecting the light from the cold cathode tube 2 to orient the
light in one direction, a light guide plate 4 for emitting the
light from the cold cathode tube 2 to the front, namely on the
liquid crystal display device side, a diffusing sheet 5 for
diffusing the light from the light guide plate 4, and a lens sheet
6 for collecting the light diffused by the diffusing sheet 5 to
the liquid crystal display device side. According to the con-
figuration described above, the light emitted from the cold
cathode tube 2 is reflected to the front face, the liquid crystal
display device side, via the light guide plate 4 and emitted
from the front face. On this occasion, the light from the light
guide plate 4 is collected on the liquid crystal display device
by the diffusing sheet 5 and the lens sheet 6, thus realizing
homogeneous light emission.

[0007] On this occasion, the lens sheet 6 is made of acrylic
resin, and the value of light collection varies with tempera-
ture. Therefore, the luminance value of the illumination pro-
vided to the liquid crystal display device varies until the
temperature of the lens sheet 6 becomes constant. Further, in
cooperation with the temperature characteristic of the lumi-
nance of the cold cathode tube 2, the luminance value of the
light emitted from the backlight 1 varies, thus the variation in
luminance in the drive beginning period as shown in FIG. 2
should be caused in the liquid crystal display device.

[0008] In order for eliminate the variation in luminance
described above, the method as described below has been
disclosed as a luminance correction method for a liquid crys-
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tal display device equipped with a backlight using a white
LED. Specifically, timing correction unit for adjusting setting
timing of a backlight luminance value is provided, and the
timing correction unit makes the lighting of the backlight by
an LED drive circuit follow the variation in the transmission
of the liquid crystal display device, thereby correcting the
luminance value (e.g., JP-A-2005-345552, hereinafter
referred to as Patent Document 1).

[0009] Further, as a luminance correction method of a lig-
uid display device using a luminance control device optical
sensor having variations in error range between individual
sensors, the following method has been disclosed. Specifi-
cally, a correspondence range table between the ambient
luminance and the luminance of the liquid crystal display
device is created, and the luminance of the LCD backlight is
corrected using the correspondence range table (e.g., JP-A-
2002-297103, hereinafter referred to as Patent Document 2).
Further, in order for keeping constant luminance under vari-
ous temperature conditions in a field sequential liquid crystal
display device without a color filter, the following method has
been disclosed. Specifically, by changing the time integral
value of the light source luminance based on the temperature
information or the maximum transmission information of the
liquid crystal display element, a desired color representation
is realized (e.g., JP-A-2001-272956, hereinafter referred to as
Patent Document 3).

[0010] The invention disclosed in the Patent Document 1
described above has the following problem. That is, in the
invention disclosed in the Patent Document 1, the white LED
is used as the lamp for the backlight, and therefore, the inven-
tion is not applicable to the backlight using the cold cathode
tube. Further, the object of the invention disclosed in the
Patent Document 1 is adjustment of the luminance of the
liquid crystal display in the ordinary use, and the invention is
not for correcting the variation in luminance in the drive
beginning period of the liquid crystal display device as is
addressed by the present invention.

[0011] Further, the invention disclosed in the Patent Docu-
ment 2 has the following problem. That is, the invention
disclosed in the Patent Document 2 is for correcting the error
range of the optical sensor, which corrects the luminance of
the liquid crystal display, using the correspondence range
table, but not for correcting the variation in luminance in the
drive beginning period of the liquid crystal display device as
is addressed by the present invention.

[0012] Further, the invention disclosed in the Patent Docu-
ment 3 has the following problem. That is, the invention
disclosed in the Patent Document 3 is for performing the
correction for executing the desired color representation
under various temperature conditions in the field sequential
liquid crystal display device without a color filter, but not for
correcting the variation in luminance in the drive beginning
period of the liquid crystal display device as is addressed by
the present invention.

SUMMARY

[0013] The present invention has been made in view of the
problem described above, and has an object of providing a
liquid crystal display device capable of correcting the varia-
tion in luminance in the drive beginning period of the liquid
crystal display device with a simple configuration, and a
liquid crystal television using the liquid crystal display
device.
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[0014] In order for solving the problem described above, a
liquid crystal display device according to the present inven-
tion includes a backlight using a cold cathode tube, a liquid
crystal panel for varying transmission of source light from the
backlight to display an image, video signal processing unit for
executing image quality control of the image displayed on the
liquid crystal panel section, temperature measurement unit
for measuring temperature in the vicinity of a display surface
ofthe liquid crystal display device, timing unit for measuring
accumulated time from when the liquid crystal display device
has been turned on, time-luminance correspondence record-
ing unit having a value of luminance of the liquid crystal
display device corresponding to the accumulated time from
when power has been input to the liquid crystal display device
with respect to a temperature in the vicinity of the display
surface of the liquid crystal display device, and luminance
correction unit for providing the video signal processing unit
with an instruction of correcting the luminance of the liquid
crystal display device referring in the time-luminance corre-
spondence recording unit based on the measured temperature
and the accumulated time.

[0015] In the invention having the configuration described
above, the luminance correction unit refers to the time-lumi-
nance correspondence recording unit corresponding to the
temperature measured by the temperature measurement unit,
and provides the video signal processing unit with an instruc-
tion of executing the correction of the luminance. Thus, it
becomes possible to correct the variation in luminance in the
drive beginning period of the liquid crystal display device
with a simple configuration using the time-luminance corre-
spondence recording unit.

[0016] Further, according to the invention as an example of
a specific configuration of correcting the luminance of the
liquid crystal display device, in the configuration of the liquid
crystal display device described above, the video signal pro-
cessing unit has a configuration of controlling contrast of the
image to be displayed on the liquid crystal display device, and
the luminance correction unit provides the video signal pro-
cessing unit with an instruction of control of contrast corre-
sponding to the time based on the time-luminance correspon-
dence recording unit.

[0017] According to the invention specifically configured
as described above, the correction of the luminance of the
liquid crystal display device in the drive beginning period is
executed by the contrast control function provided to the
video signal processing unit. The video signal processing unit
has been implemented in the related art, and therefore, the
correction method of the luminance can be realized with
simple configuration without using an additional procedure.
[0018] The correction method of the luminance of the lig-
uid crystal display device is not limited to the method of
correcting the video signal input thereto. Therefore, accord-
ing to the invention as an example of another specific con-
figuration of correcting the luminance of the liquid crystal
display device, the liquid crystal display device includes a
backlight using a cold cathode tube, a liquid crystal panel
section for varying transmission of source light from the
backlight to display an image, backlight drive unit for gener-
ating a tube current for driving the backlight, temperature
measurement unit for measuring temperature in the vicinity
of a display surface of the liquid crystal display device, time-
luminance correspondence recording unit having a value of
luminance of the liquid crystal display device that corre-
sponds to the accumulated time from when the liquid crystal
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display device has been turned on with respect to each of
temperatures in the vicinity of the display surface of the liquid
crystal display device, and tube current control unit for con-
trolling a value of the tube current output by the backlight
drive unit to the backlight, and luminance correction unit for
outputting the value of the tube current, which corresponds to
the time and output to the backlight, to the tube current
control unit based on the value in the time-luminance corre-
spondence recording unit.

[0019] According to the invention configured as described
above, the luminance correction unit refers to the time-lumi-
nance correspondence recording unit according to the tem-
perature measured by the temperature measurement unit, and
provides the tube current control unit with an instruction of
correcting the luminance. Thus, the tube current control unit
executes the control of the tube current based on the instruc-
tion of the luminance correction unit to control the luminance
of'the backlight. According to such a correction method, since
the correction of the luminance of the liquid crystal display
device without executing the signal processing on the video
signal, it becomes possible to prevent degradation of the
video signal caused by the correction.

[0020] Further, according to the invention as an example of
a specific configuration of the liquid crystal display device
correction unit, in the configuration of the liquid crystal dis-
play device described above, the liquid crystal display device
has a configuration of executing control with a microcom-
puter based on an instruction input, and the luminance cor-
rection unit has a configuration realized by the microcom-
puter.

[0021] According to the invention configured as described
above, the liquid crystal display device correction unit can be
realized by an existing microcomputer.

[0022] Further, according to the invention as an example of
a specific configuration of the time-luminance correspon-
dence recording unit, in the configuration of the liquid crystal
display device described above, the time-luminance corre-
spondence recording unit is realized by a look-up table the
microcomputer refers to.

[0023] According to the invention configured as described
above, the time-luminance correspondence recording unit is
configured by the look-up table the microcomputer refers to.
Therefore, the time-luminance correspondence recording
unit can be recorded as data, thus the advantage of the present
invention can be obtained with a simple configuration.
[0024] Further, according to another aspect of the inven-
tion, the time-luminance correspondence recording unit can
be recorded as data, the advantage of the invention can be
obtained with a simple configuration.

[0025] Further, according to the invention as a specific con-
figuration for solving the problems described above, a liquid
crystal television includes a liquid crystal display device hav-
ing a backlight using a cold cathode tube, and a liquid crystal
panel section for varying transmission of source light from
the backlight to display an image, a video circuit for executing
contrast control of a video signal input, a microcomputer for
accepting acommand from a remote controller and executing
overall control, a ROM having a program for the microcom-
puter to start-up and a table, and a temperature sensor for
measuring the temperature in the vicinity of a display surface
of the liquid crystal display device, the microcomputer has a
configuration for measuring accumulated time from when the
liquid crystal display device has been turned on, and the ROM
has a look-up table having a value of luminance of the liquid
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crystal display device corresponding to the accumulated time
from when the liquid crystal display device has been turned
on with respect to a temperature in the vicinity of the display
surface of the liquid crystal display device, and a luminance
correction program for the microcomputer to refer in the
look-up table to the value of the luminance corresponding to
the temperature of the liquid crystal display device measured
by the temperature sensor, and provide the video circuit with
an instruction of correcting contrast so as to correct the lumi-
nance of the image displayed on the liquid crystal display
device during an initial period of the liquid crystal display
device.

[0026] In the more specific configuration as described
above, the same function and result as in the above aspects of
the invention can obviously be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a block configuration diagram of a liquid
crystal television.

[0028] FIG. 2 is a luminance-time characteristic diagram
showing conditions of luminance variations at respective
temperatures.

[0029] FIG. 3 is a time-luminance correlation diagram
showing a luminance correction executed by a video circuit
based on a look-up table.

[0030] FIG. 4 is a time-luminance correlation diagram
showing the luminance after the correction has been
executed.

[0031] FIG. 5 is a flowchart of a luminance stabilization
program.
[0032] FIG. 6 is a block configuration diagram of a liquid

crystal television 10 in a second embodiment of the invention.
[0033] FIG.7isablock diagram showing a configuration of
a power supply circuit as an example.

[0034] FIG. 8 is a flowchart of a luminance stabilization
program in the second embodiment of the invention.

[0035] FIG. 9 is a perspective view showing the inside of
the backlight in the related art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0036] As a specific explanation of the liquid crystal dis-
play device according to the present invention, a liquid crystal
television using the liquid crystal display device will mainly
be explained. However, the present invention is not limited to
the liquid crystal television. Hereinafter, some embodiments
ofthe present invention will be explained along the following
order.

[0037] 1. First Embodiment
[0038] 1-1. Configuration of Liquid Crystal Television
[0039] 1-2. Luminance Correction Method in Drive

Beginning Period

[0040] 2. Summary of First Embodiment

[0041] 3. Second Embodiment

[0042] 4. Summary of Second Embodiment

[0043] 1. First Embodiment

[0044] 1-1. Configuration of Liquid Crystal Television
[0045] Hereinafter, a liquid crystal television as a first

embodiment of the present invention will be explained with
referenceto FIGS. 1 through 5. FIG. 1 is a block configuration
diagram of the liquid crystal television. The liquid crystal
television 10 is for displaying pictures based on a video signal
such as a television signal input therein. Therefore, the liquid
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crystal television 10 has a configuration including a tuner
section 11 for extracting predetermined video signal and
audio signal from the television broadcasting received by an
antenna 20, a video circuit 12 (video signal processing unit)
for executing a predetermined signal processing on the video
signal received by the tuner 11, a liquid crystal display device
13 for displaying pictures based on the video signal from the
video circuit 12, a microcomputer 15 for controlling the entire
liquid crystal television 10, a ROM 16 for recording a pro-
gram for starting-up the microcomputer 15 and a table (time-
luminance correspondence recording unit), a temperature
sensor 14 (temperature measurement unit) for measuring the
temperature of the liquid crystal display device 13, and an
inverter circuit 17 for supplying the backlight of the liquid
crystal display device 13 with power.

[0046] The function of the liquid crystal television 10 hav-
ing the configuration described above will hereinafter be
explained. The tuner section 11 extracts the video signal and
the audio signal corresponding to predetermined broadcast-
ing from the television broadcasting received by the antenna
20. The video circuit 12 forms image data for forming one
frame based on the video signal extracted by the tuner 11. The
image data generated on this occasion is composed of the
luminance/color-difference signals (R-Y, B-Y), which are
difference components between the R, G signals out of the
color signals R, G, B for forming a picture, and the Y signal
representing the luminance. The video circuit 12 generates
the color signals R, Q,B from the luminance/color-difference
signals input therein, and divides the image data thus gener-
ated in accordance with the pixels of the liquid crystal display
device 13 arranged in a matrix. Specifically, in the case in
which the aspect ratio of the liquid crystal display device 13
is the VGA of 640x480, the image data forming one frame is
divided equally into 640x480, or in the case in which the
aspect ratio is the XGA of 1024x768, the image data is
divided equally into 1024x768.

[0047] Further, the video circuit 12 executes the predeter-
mined signal processing on the image data obtained by the
dividing operation, and outputs the result to the liquid crystal
display device 13. As examples of the signal processing
executed by the video circuit 12 on this occasion, a contrast
control for adjusting the white level and the black level of the
video signal, a gamma correction corresponding to the dis-
play characteristic of the liquid crystal display device 13, and
so on can be cited. Since the contrast control and the gamma
correction are well-known technologies, the explanations
therefor will be omitted here. The signal processing described
above is automatically executed based on the color signals of
the differential signals (R-Y, B-Y) and the luminance signal Y,
or alternatively, executed in response to the microcomputer
15 accepting the operation by the user from a remote control-
ler.

[0048] The image data on which the signal processing is
executed by the video circuit 12 is output to the liquid crystal
display device 13. The liquid crystal display device 13 has a
configuration including a liquid crystal panel section 13a
composed of pixels arranged in a matrix and having respec-
tive color filters of R, G, B, a drive circuit 135 for converting
the image data input from the video circuit 12 into an analog
signal and applying the analog signal to each of the pixels of
the liquid crystal panel section 13a, and a backlight 13¢
located on the back face of the liquid crystal panel section 13a
and emitting the source light. According to the configuration
described above, the image data output from the video circuit
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12 is converted by the drive circuit 135 into the analog signal
with a predetermined voltage value, and then applied to each
ofthe pixels of the liquid crystal panel section 13a arranged in
a matrix, thus changing the molecular arrangement of the
liquid crystal material encapsulated in the pixels to display
the image.

[0049] Further, on the back face of display surface of the
liquid crystal display device 13, there is disposed the back-
light 13¢, thus the source light from the backlight 13¢ is
provided to the liquid crystal panel section 13a. On this occa-
sion, in the pixels of the liquid crystal panel 13a accepting the
light from the backlight 13¢, the transmission of light is varied
between the pixels in accordance with the voltages applied by
the drive circuit 135. Thus, the grayscale is varied between the
pixels, thereby displaying the image in one frame of'the liquid
crystal display device 13. In the backlight 13¢ of the present
embodiment of the invention, the cold cathode tube is used as
the lamp. As a shape of the cold cathode tube, a U-tube and a
pseudo-U-tube can be cited. The shape of the cold cathode
tube can appropriately be selected or designed in accordance
with the specification of the liquid crystal display device 13.
[0050] Although the liquid crystal television 10 displays
images on the liquid crystal display device 13 using the con-
figuration described above, a variation in luminance occurs in
the drive beginning period of the liquid crystal display device
13. The variation in luminance described above sometimes
makes the viewing audience misunderstand that a failure has
occurred in the liquid crystal television 10 itself, thus bring-
ing discomfort to the viewing audience. Therefore, the liquid
crystal television 10 according to the present invention is
arranged to have a configuration for automatically correcting
the variation in luminance in the drive beginning period
described above, thereby reducing the uncomfortable feeling
of the viewing audience. In order for achieving the configu-
ration described above, the liquid crystal television 10
according to the present invention is provided with the tem-
perature sensor 14 for measuring the temperature of the liquid
crystal display device 13 and a look-up table for allowing the
microcomputer 15 to issue instructions for correcting the
luminance based on the temperature measured by the tem-
perature sensor 14 recorded on the ROM 16. Further, the
microcomputer 15 is capable of measuring time as an essen-
tial function, and measures the accumulated time from when
the power has been switched ON. In this respect, the micro-
computer 15 forms timing unit. Further, the microcomputer
15 and the ROM 16 realize luminance correction unit in
cooperation with each other. A specific configuration thereof
will hereinafter be explained.

[0051] 1-2. Luminance Correction Method in Drive Begin-
ning Period The variation in the luminance of the liquid
crystal display device 13 in the drive beginning period is
caused by the temperature characteristic of the cold cathode
tube forming the backlight 13¢ and the temperature charac-
teristic of the lens sheet and so on. Therefore, the liquid
crystal television 10 according to the present invention mea-
sures the temperature in the vicinity of the liquid crystal
display device 13 using the temperature sensor 14 to correct
the luminance of the liquid crystal display device based on the
temperature thus measured. FIG. 2 is a luminance-time char-
acteristic diagram showing conditions of luminance varia-
tions at respective temperatures. FIG. 2 shows the three con-
ditions in which the liquid crystal display device 13 is at
temperature of 25° C., 35° C., and 45° C., respectively, as an
example. According to FIG. 2, in either case with the tem-
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perature of 25° C., 35° C., or 45° C., the luminance Y varies
along a gentle curve gradually increasing and then decreasing
in the period from when the power has been switched ON to
the time point T1 (25° C.), T2 (35° C.), or T3 (45° C.), and is
thereafter saturated in a constant level of Ym. Therefore, in
order for reducing the variation in luminance before the time
points T1, T2, and T3 shown in FIG. 2, the luminance Y is
converted into the saturated luminance Ym by an inverse
correction.

[0052] Accordingly, in the first embodiment of the present
invention, the variation in luminance in the drive beginning
period is corrected using the contrast control of the video
circuit 12. Specifically, the luminance value in the image data
is varied using the contrast control function so that the varia-
tion in luminance in the period between T0 and T1, T2, or T3
shown in FIG. 2 is inverse-corrected to make the luminance
value substantially the same as the saturated value Ym. There-
fore, in order for eliminating the variation in luminance in the
drive beginning period using the contrast control of the video
circuit 12 described above, the ROM 16 has a configuration of
recording the look-up table and the luminance correction
program for allowing the microcomputer 15 to execute the
contrast control corresponding to the temperature measured
by the temperature sensor 14.

[0053] FIG. 3 is a time-luminance correlation diagram
showing the luminance correction executed by the video cir-
cuit 12 based on the look-up table, and shows target lumi-
nance Y determined by the video circuit 12 without consid-
ering the influence of the temperature.

[0054] FIG. 4 is a time-luminance correlation diagram
showing the actual luminance after the correction has been
executed thereon, and shows that the luminance is kept at the
constant saturated luminance Ym irrespective of the accumu-
lated time in all of the cases with respective temperatures (25°
C.,35°C,, and 45° C.).

[0055] By the video circuit 12 executing the contrast con-
trol in the period between the time periods T0 and T1, T2, or
T3 at the corresponding temperature (25° C., 35° C., or 45°
C.) as shown in FIG. 3, the liquid crystal display device 13
performs display with the saturated luminance Ym shown in
FIG. 4 at the corresponding temperature. Specifically, the
contrast control of previously subtracting the variation in
luminance in the temperature characteristic of the liquid crys-
tal display device 13 from the luminance value of the image
data is executed. Thus, the luminance of the display on the
liquid crystal display device 13 corresponding to the image
data becomes the saturated luminance Ym irrespective of the
temperature. It should be noted that the contrast control is
executed by modifying the white level or the black level of the
video signal when executing the signal processing on the
color signals R, G, B. Therefore, the luminance is not cor-
rected directly. However, according to the relationship
between the luminance and the color signals, the luminanceY
can be calculated from the color signals R, G, B along the
following formula.

Y=0.30R+0.59G+0.118 1)

Therefore, the correction value of the luminance shown in
FIG. 3 can be generated using the color signals R, G, B.

[0056] The luminance of the image data on which the con-
trast control described above has been executed becomes to
have the value approximate to the saturated luminance Ym as
shown in FIG. 4. The microcomputer 15 provides the video
circuit 12 with an instruction of executing the contrast control
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corresponding to the look-up table described above on the
image data, thereby correcting the variation in the luminance
ofthe image displayed on the liquid crystal display device 13.
The correction on the luminance by the microcomputer 15
described above is executed based on the luminance stabili-
zation program recorded on the ROM 16. Hereinafter, the
luminance stabilization program executed by the microcom-
puter 15 will be explained with reference to the flowchart.
FIG. 5 is the flowchart of the luminance stabilization pro-
gram. When the power is switched ON by the remote control-
ler or the like, and the power is supplied to the liquid crystal
display device 13, the microcomputer 15 refers to the lumi-
nance stabilization program on the ROM 16 and moves to the
program from the ordinary routine. Subsequently, the micro-
computer 15 accepts the data of the temperature in the vicinity
of the liquid crystal display device 13 output from the tem-
perature sensor 14 (step S100). The temperature value
detected by the temperature sensor 14 can appropriately be
changed in accordance with the luminance characteristic of
the liquid crystal display-device.

[0057] Subsequently, the microcomputer 15 refers to the
look-up table recorded on the ROM 16 (step S110). On this
occasion, the microcomputer 15 refers to the values for the
contrast processing corresponding to the temperature input
from the temperature sensor 14 in the look-up table. On this
occasion, by recording a table for providing correspondence
between the signal input from the temperature sensor 14 and
the address, on which the correction value of the luminance in
the corresponding temperature is recorded, on the ROM 16, it
becomes easy for the microcomputer 15 to refer to the look-
up table. Based on the value of the contrast processing thus
obtained, the microcomputer 15 provides the video circuit 12
with the instruction of executing the contrast processing on
the image data thus input (step S120). Thus, in response to the
instruction from the microcomputer 15, the video circuit 12
executes the contrast processing on the image data thus input
for a predetermined period of time.

[0058] 2. Summary of First Embodiment

[0059] As described above, the liquid crystal television 10
corrects the variation in luminance in the drive beginning
period of the liquid crystal display device 13 using the con-
trast processing executed by the video circuit in response to
the instruction of the microcomputer 15. Thus, it becomes
possible to reduce the uncomfortable feeling of the viewing
audience by correcting the variation in luminance in the drive
beginning period of the liquid crystal display device 13 using
the contrast processing by the video circuit 12. Further, since
there is no need for implementing additional circuit for
executing the correction of the luminance, it becomes pos-
sible to execute the correction of the luminance with a simple
configuration.

[0060] 3. Second Embodiment

[0061] In the first embodiment of the invention described
above, the variation in luminance in the drive beginning
period is corrected using the contrast processing executed by
the video circuit 12. However, the method of correcting the
luminance is not limited to the correction of the image date by
the video circuit 12 as described above, but can be a method
of correcting the luminance of the source light emitted from
the backlight 13¢. Therefore, in the second embodiment
according to the present invention, there is adopted a configu-
ration of executing the inverse correction of the luminance of
the liquid crystal display device 13 by controlling the value of
the tube current flowing through the backlight 13c¢.
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[0062] FIG. 6is ablock configuration diagram of the liquid
crystal television 10 in the second embodiment of the inven-
tion. In the drawing, the blocks denoted with the same refer-
ence numerals as the blocks shown in FIG. 1 have the same
configurations as those of the blocks denoted with the same
reference numerals shown in FIG. 1. The liquid crystal tele-
vision 10 has the configuration for driving the backlight 13¢,
including a power supply circuit 18 for generating a stabilized
power from the commercial power, and an inverter circuit 17
for driving a plurality of cold cathode tubes 13¢1 based on the
power from the power supply circuit 18. Further, the power
supply circuit 18 described above is connected to the micro-
computer 15, and controls the backlight 13¢ along the com-
mand of the microcomputer 15. According to the configura-
tion described above, in the normal operations, the power
supply circuit 18 generates the stabilized power based on the
power supplied from the commercial power supply to drive
the inverter circuit 17. The tube current flows through the cold
cathode tubes in response to the drive of the inverter circuit
17, and light is emitted from the backlight 13¢ in response to
lighting of the cold cathode tubes.

[0063] Then, the luminance correction method in the sec-
ond embodiment of the present invention will be explained
with reference to FIG. 7. FIG. 7 is a block diagram showing a
configuration of the power supply circuit as an example.
According to the drawing, the power supply circuit 18 has the
configuration including a rectifier circuit 18a for rectifying
the commercial power, a smoothing circuit 185 for smoothing
the power thus rectified, and a switching circuit 18¢ for gen-
erating an alternating-current power with predetermined volt-
ages based on the power thus smoothed. According to the
configuration described above, the commercial power sup-
plied from the commercial power supply is converted into the
direct-current power by the rectifier circuit 18a and the
smoothing circuit 184, further converted into the alternating-
current power by the switching circuit 18¢, and then supplied
to the inverter circuit 17 via a transformer 184. On this occa-
sion, the switching circuit 18¢ generates the supply voltage to
be supplied to the inverter circuit 17 by driving a transistor
implemented therein at a predetermined duty ratio. The
switching operation of the switching circuit 18¢ described
above is controlled by the microcomputer 15, by modifying
the duty ratio in the transistor based on the control signal from
the microcomputer 15, thereby generating a desired voltage.

[0064] The inverter 17 amplifies the power with a predeter-
mined frequency by resonance based on the power supply
voltage supplied from the power supply circuit 18, and sup-
plies the cold cathode tubes 13c¢1 with the power via the
transformer 17a. Further, the inverter circuit 17 has an over-
voltage detection circuit 1756 inside thereof, and controls driv-
ing of the switching circuit 18¢ on the power supply circuit 18
side by feedback when an abnormal voltage is detected in the
output voltage to the inverter circuit 17.

[0065] In the configuration of the second embodiment of
the invention described above, the microcomputer 15 controls
the switching operation of the switching circuit 18¢ based on
the look-up table, and thus adjusting the voltage output to the
inverter circuit 17. Thus, the voltage supplied from the
inverter circuit 17 to the cold cathode tubes 13¢1 is varied, and
as a result, the tube current flowing through the cold cathode
tubes 13cl is varied. Thus, the luminance with which the
backlight 13¢ illuminates the liquid crystal display device 13
is varied, and the luminance of the liquid crystal display
device can be controlled. Further, as the look-up table the
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microcomputer 15 refers to on this occasion, any tables hav-
ing the duty ratio for generating the voltage to be supplied to
the inverter circuit 17 recorded thereon so that a predeter-
mined tube current flows through the cold cathode tubes can
be used. A flow of the process to be executed by the micro-
computer 15 using the look-up table will hereinafter be
explained.

[0066] FIG. 8 is a flowchart of a luminance stabilization
program in the second embodiment of the invention. When
the power is switched ON by the remote controller or the like,
and the power is supplied to the liquid crystal display device
13, the microcomputer 15 refers to the luminance stabiliza-
tion program on the ROM 16 and moves to the program from
the ordinary routine. Subsequently, the microcomputer 15
accepts the data of the temperature in the vicinity of the liquid
crystal display device 13 output from the temperature sensor
14 (step S200). Further, the microcomputer 15 refers to the
look-up table recorded on the ROM 16 (step S210). Further,
on this occasion, the microcomputer 15 retrieves the voltage
value, which should be generated by the switching circuit 18¢
and corresponds to the temperature input from the tempera-
ture sensor 14, from the look-up table.

[0067] The microcomputer 15 then changes the duty ratio
of the transistor of the switching circuit 18¢ based on the
voltage value thus retrieved (step S220). Thus, the switching
circuit 18¢ generates the voltage by the switching operation
with a predetermined duty ratio in response to the instruction
from the microcomputer 15, and outputs the voltage to the
inverter circuit 17. The inverter circuit 17 amplifies the volt-
age by resonance, and then applies the voltage to the cold
cathode tubes 13c¢1. Thus, the predetermined tube current
flows through the cold cathode tubes 13c1, and the cold
cathode tubes 13c1 illuminate the liquid crystal display
device 13. Therefore, the backlight 13¢ emits the source light
with the corrected luminance to the liquid crystal display
device 13 under the control of the microcomputer 15.

[0068] 4. Summary of Second Embodiment

[0069] According to the second embodiment of the present
invention described above, the liquid crystal television 10
corrects the variation in luminance in the drive beginning
period of the liquid crystal display device 13 by controlling
the tube current flowing through the cold cathode tubes of the
backlight 13¢ along the control by the microcomputer 15.
Thus, the uncomfortable feeling of the viewing audience
caused by the variation in luminance in the drive beginning
period is prevented. Further, in the second embodiment, since
no corrections related to the correction of the luminance are
executed on the image data input, there can be obtained an
advantage that the variation in luminance in the drive begin-
ning period of the liquid crystal display device 13 can be
corrected while preventing the degradation of the image dis-
played on the liquid crystal display device 13 caused by the
correction, in addition to the advantage described above.
[0070] It should be noted that it is obvious that the present
invention is not limited to the embodiments described above.
It is obvious to those skilled in the art that the following
matters are disclosed as embodiments of the present inven-
tion.

[0071] To apply the members replaceable with each
other or configurations and so on replaceable with each
other disclosed in the embodiments described above
with the combination thereof appropriately modified.

[0072] To appropriately replace the member, configura-
tion, and so on not disclosed in the embodiments
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described above and included in the known technology
and replaceable with the member, configuration, and so
on disclosed in the embodiments described above, or to
apply the member, configuration, and so on not dis-
closed in the embodiments described above and
included in the known technology and replaceable with
the member, configuration, and so on disclosed in the
embodiments described above with the combination
thereof modified.

[0073] To appropriately replace the member, configura-
tion, and so on disclosed in the embodiments described
above with the member, configuration, and so on not
disclosed in the embodiments described above and
assumed by those skilled in the art to be the replacements
of the member, configuration, and so on disclosed in the
embodiments described above, or to apply the member,
configuration, and so on not disclosed in the embodi-
ments described above and assumed by those skilled in
the art to be the replacements of the member, configu-
ration, and so on disclosed in the embodiments
described above with the combination thereof modified.

[0074] Whilethe invention has been particularly shown and
described with respect to preferred embodiments thereof, it
should be understood by those skilled in the art that the
foregoing and other changes in form and detail may be made
therein without departing from the spirit and scope of the
invention as defined in the appended claims.

What is claimed is:
1. A liquid crystal television comprising:
a backlight using a cold cathode tube;
aliquid crystal display device for varying transmission of a
source light from the backlight to display an image;
a video circuit for executing contrast control of a video
signal input;
a microcomputer for accepting a command from a remote
controller and executing overall control;
a ROM having a program for the microcomputer to start-up
and a table; and
a temperature sensor for measuring a temperature in a
vicinity of a display surface of the liquid crystal display
device,
the microcomputer has a configuration for measuring accu-
mulated time from when the liquid crystal display device
has been turned on, and
the ROM has
a look-up table having a value of luminance of the liquid
crystal display device corresponding to the accumu-
lated time from when the liquid crystal display device
has been turned on with respect to a predetermined
temperature in the vicinity of the display surface of
the liquid crystal display device, and
a luminance correction program for the microcomputer
to refer in the look-up table to the value of the lumi-
nance corresponding to the temperature of the liquid
crystal display device measured by the temperature
sensor, and provide the video circuit with an instruc-
tion of correcting contrast to correct the luminance of
the image displayed on the liquid crystal display
device during an initial period of the liquid crystal
display device.
2. A liquid crystal display device comprising:
a backlight using a cold cathode tube;
a liquid crystal panel for varying transmission of a source
light from the backlight to display an image;
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video signal processing unit for executing image quality
control ofthe image displayed on the liquid crystal panel
section;

temperature measurement unit for measuring temperature
in a vicinity of a display surface of the liquid crystal
display device;

timing unit for measuring accumulated time from when the
liquid crystal display device has been turned on;

time-luminance correspondence recording unit having a
value of luminance of the liquid crystal display device
corresponding to the accumulated time from when
power has been input to the liquid crystal display device
with respect to a temperature in the vicinity of the dis-
play surface of the liquid crystal display device; and

luminance correction unit for providing the video signal
processing unit with an instruction of correcting the
luminance of the liquid crystal display device referring
in the time-luminance correspondence recording unit
based on the measured temperature and the accumulated
time.

3. The liquid crystal display device according to claim 2,

wherein the video signal processing unit has a configura-
tion of controlling contrast of the image to be displayed
on the liquid crystal display device, and

the luminance correction unit provides the video signal
processing unit with an instruction of control of contrast
corresponding to the time based on the time-luminance
correspondence recording unit.

4. A liquid crystal display device comprising:

a backlight using a cold cathode tube;
a liquid crystal panel section for varying transmission of a
source light from the backlight to display an image;
backlight drive unit for generating a tube current for driv-
ing the backlight;

temperature measurement unit for measuring temperature
in the vicinity of a display surface of the liquid crystal
display device;

time-luminance correspondence recording unit having a
value of luminance of the liquid crystal display device
that corresponds to the accumulated time from when the
liquid crystal display device has been turned on with
respect to each of temperatures in the vicinity of the
display surface of the liquid crystal display device;

tube current control unit for controlling a value of the tube
current output by the backlight drive unit to the back-
light; and

luminance correction unit for outputting the value of the
tube current, which corresponds to the time and output to
the backlight, to the tube current control unit based on
the value in the time-luminance correspondence record-
ing unit.
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5. The liquid crystal display device according to claim 2,
wherein the liquid crystal display device has a configura-
tion of executing control with a microcomputer based on
an instruction input, and
the luminance correction unit is realized by the microcom-
puter.
6. The liquid crystal display device according to claim 5,
wherein the time-luminance correspondence recording
unit is realized by a look-up table the microcomputer
refers to.
7. The liquid crystal display device according to claim 5,
further comprising:
a power supply circuit having
a rectifier circuit for rectifying commercial power,
a smoothing circuit for smoothing the power rectified,
a switching circuit for generating alternating-current
power having a predetermined voltage based on the
power smoothed, and
a transformer to which the alternating-current power is
input; and
an inverter circuit connected to the power supply circuit via
the transformer, and for generating alternating-current
power for lighting a cold cathode tube,
wherein the microcomputer controls a duty ratio in the
switching circuit referring to the look-up table to adjust
the voltage output to the inverter circuit, thereby con-
trolling the voltage supplied to the cold cathode tube.
8. The liquid crystal display device according to claim 7,
wherein the inverter circuit has an overvoltage detection
circuit inside, and controls drive of the switching circuit
on the power supply circuit side by feedback in response
to the overvoltage detection circuit detecting an abnor-
mal voltage in the voltage output to the inverter circuit.
9. The liquid crystal display device according to claim 8,
wherein the look-up table has duty ratio for generating a
voltage supplied to the inverter circuit so that a prede-
termined tube current flows through the cold cathode
tube.
10. The liquid crystal display device according to claim 9,
wherein the microcomputer refers to a luminance stabili-
zation program recorded on a predetermined ROM to
execute the luminance stabilization program, and in
response to acceptance of data of temperature in the
vicinity of the liquid crystal display device output from
the temperature sensor, refers to the look-up table
recorded on the ROM to retrieve a voltage value corre-
sponding to the temperature, varies the duty ratio of the
switching circuit based on the voltage value,
the switching circuit generates a voltage by a switching
operation with the duty ratio varied by the microcom-
puter to output the voltage to the inverter circuit in
response to an instruction from the microcomputer, and
the inverter circuit applies the predetermined voltage to the
cold cathode tube.
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