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A liquid-crystal display apparatus includes a liquid-crystal
panel (25) having a color filter (26), a W light-emitting diode
(22w) for irradiating white light to the liquid-crystal panel
(25), RGB light-emitting diodes (22r, 22g, 22b) for irradi-
ating lights of more than two colors containing white to the
liquid-crystal panel (25), a luminance sensor (44) for detect-
ing ambient illuminance of the liquid-crystal panel (25) to
output a detected signal and a control unit (41) for switching
the W light-emitting diode (22w) and the RGB light-emitting
diodes (22r, 22g, 22b) based on the detected signal from the
luminance sensor (44). In a related-art liquid-crystal display
apparatus, since lights of red (R), green (G) and blue (B) are
emitted with a time lag and superimposed upon each other
so that a clear color may not be obtained in each pixel, thus
resulting in insufficient color reproducing capability.
According to the present invention, these defects encoun-
tered with the related art can be obviated.
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LIQUID-CRYSTAL DISPLAY APPARATUS AND
ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Patent Application Nos. JP 2005-138663 filed on May
11, 2005 and JP 2006-044304 filed on Feb. 21, 2006 the
disclosures of which are hereby incorporated by reference
herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid-crystal
display apparatus including a liquid-crystal panel having a
color filter and its light source and an electronic device, and
particularly to a liquid-crystal display apparatus including a
first light source for emitting light of white color (first white
light) as a backlight and a second light source for emitting
light of white color different from the first white color
(second white light) such that the first and second light
sources can be switched in response to ambient illuminance
and an electronic device including the liquid-crystal display
apparatus.

[0003] The Cited Patent Reference 1, for example, has so
far described this kind of liquid-crystal display apparatus.
That is, the Cited Patent Reference 1 has described a field
sequential color liquid-crystal display apparatus suitable for
displaying real pictures, such as a monitor receiver and a
large-sized television receiver. The liquid-crystal display
apparatus described in the Cited Patent Reference 1 includes
a liquid-crystal panel, a light source for irradiating light to
the liquid-crystal panel and a drive means for switching the
color of the light source in a time-sequential fashion and
which controls the state in which light is passed through or
reflected on the liquid-crystal panel in synchronism there-
with. This liquid-crystal display apparatus is characterized
by a plurality of driving means composed of a driving means
for carrying out color display by additive mixture of color
stimuli from a time standpoint and a driving means for
carrying out monochromatic color display by a single color
based on gradation display.

[0004] According to the liquid-crystal display apparatus
having the above-mentioned arrangement described in the
Cited Patent Reference 1, since this liquid-crystal display
apparatus has the arrangement in which the field sequential
color system driving to carry out ordinary color display and
the monochromatic color display driving without color
cracking and of which power consuniption is small are
switched, there can be obtained the liquid-crystal display
apparatus of which power consumption can be decreased on
the whole and which is able to display real moving pictures
with high definition.

[0005] The Cited Patent Reference 2 has described other
example of a liquid-crystal display apparatus according to
the related art. That is, the Cited Patent Reference 2 has
described the liquid-crystal display apparatus using a liquid
crystal as a display medium. The liquid-crystal display
apparatus described in the Cited Patent Reference 2 includes
a first transparent insulating substrate with a plurality of
transparent pixel electrodes disposed thereon, a second
transparent insulating substrate having transparent elec-
trodes opposing to the above transparent pixel electrodes, a
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liquid crystal disposed between the above first and second
transparent insulating substrates, a color display backlight
light source disposed in an opposing fashion to the above
second transparent insulating substrate to sequentially emit
lights of colors of three primary colors and a control circuit
for controlling the liquid crystal so as to properly orient
molecules.

[0006] According to the liquid-crystal display apparatus
having the above arrangement described in the Cited Patent
Reference 2, since this liquid-crystal display apparatus has
the arrangement in which lights of three primary colors of
the color display backlight light source which emit lights of
three primary colors are sequentially emitted and in which
transmittance of one pixel is changed in response to each
color, many colors can be expressed by one pixel and color
display dot can be displayed by one pixel. Hence, resolution
can be increased, a quantity of light can be prevented from
being lost by the color filter, a quantity of light of the
backlight light source can be used effectively and luminance
of display can be increased.

[0007] [Cited Patent Reference 1]: Japanese Published
Patent Application No. 2003-248463

[0008] [Cited Patent Reference 2]: Japanese Published
Patent Application No. 6-110033

[0009] FIG. 1 of the accompanying drawings is a sche-
matics diagram showing an example of a liquid-crystal
display apparatus according to the related art. This liquid-
crystal display apparatus according to the related art uses a
light emitting diode for emitting light of white (W) as a light
source of a backlight. A liquid-crystal display apparatus,
generally depicted by reference numeral 1 in FIG. 1, is
composed of a backlight 2, a first sheet polarizer 3, a first
substrate 4, a liquid-crystal 5, a color filter 6, a second
substrate 7 and a second sheet polarizer 8. The backlight 2
is composed of a plurality of white light-emitting diodes and
these white light-emitting diodes are arrayed on the same
straight line or on the same plane.

[0010] The first sheet polarizer 3 is bonded to one surface
of the first substrate 4 and the backlight 2 is located behind
the first sheet polarizer 3 with a proper gap in an opposing
fashion. The liquid-crystal 5 is bonded to the other surface
of the first substrate 4 and the color filter 6 is bonded to the
other surface of the liquid-crystal 5. The color filter 6 has red
(R), green (G) and B (blue) filter regions 67, 6g and 64
repeatedly located thereon with the same gap in the upper
and lower direction and in the right and left direction. Then,
the second sheet polarizer 8 is bonded to the other surface of
the second substrate 7.

[0011] Thus, when the backlight 2 is energized, emitted
light of white color is irradiated from the first sheet polarizer
3 through the first substrate 4 to the liquid-crystal 5, and light
that was passed through the liquid-crystal 5 is radiated to the
outside from the second sheet polarizer 8 through the color
filter 6 and the second substrate 7. In that case, light is passed
through the filter regions 67, 6g and 65 of the color filter 6,
whereby lights of red (R), gteen (G) and blue (B) corre-
sponding to the colors of the respective filter regions 67, 6g
and 65 are radiated to form a color image.

[0012] FIG. 2 is a schematic diagram showing another
example of a liquid-crystal display apparatus according to
the related art. This liquid-crystal display apparatus accord-
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ing to the related art uses more than three RGB light-
emitting diodes to emit light of three colors of RGB of red,
green and blue as a backlight light source thereof. A liquid-
crystal display apparatus, generally depicted by reference
numeral 10 in FIG. 2, has the arrangement identical to that
of the liquid-crystal display apparatus 1 except a backlight
9. As shown in FIG. 2, the backlight 9 is composed of a
combination of a red light-emitting diode to emit red, (R)
light, a green light-emitting diode to emit green (G) light and
a blue light-emitting diode to emit blue (B) light, and these
three-color light-emitting diodes are repeatedly arrayed on
the same plane at the same order.

[0013] Thus, when the backlight 9 is energized, emitted
lights of three colors of red, green and blue colors are
superimposed upon each other to generate light of white, and
white light is irradiated from the first sheet polarizer 3
through the first substrate 4 to the liquid-crystal 5. Light that
was passed through this liquid-crystal 5 is radiated to the
outside from the second sheet polarizer 8 through the second
substrate 7. In that case, light is passed through the filter
regions 67, 6g and 65 of the color filter 6, whereby lights of
red, green and blue corresponding to the colors of the
respective filter regions 67, 6g and 65 are radiated to the
outside to form a color image.

[0014] FIGS. 3A, 3B and 3C are respectively graphs
graphing spectral characteristics of the aforementioned lig-
uid-crystal display apparatus 1. Specifically, FIG. 3A is a
graph showing spectral characteristics of the color filter 6,
FIG. 3B is a graph showing spectral characteristics of the
white light-emitting diode, and FIG. 3C is a graph showing
spectral characteristics of the whole of the liquid-crystal
display apparatus 1, respectively. As shown in FIG. 3A, in
the spectral characteristics of the color filter 6, peaks of the
spectral characteristics are generated at three portions. That
1s, the first peak corresponds to the blue filter region 65 and
it has a peak value at a wavelength of approximately 470 nm
as shown by a dot-and-dash line B. The second peak
corresponds to the green filter region 6g and it has a peak
value at a wavelength of approximately 520 nm as shown by
a solid line G. Also, the third peak corresponds to the red
filter region 67 and it has a peak value at a wavelength of
approximately 620 nm as shown by a broken line R.

[0015] Further, as shown in FIG. 3B, in the white light-
emitting diode, peaks of the spectral characteristics are
generated at two portions. Specifically, the first peak lies at
a wavelength of approximately 440 nm and the second peak
lies in a wide range of wavelengths ranging of from approxi-
mately 530 nm to approximately 630 nm. The second peak
is generated when three colors of red (R), green (G) and blue
(B) are mixed. As a result, as shown in FIG. 3C, in the
whole of the liquid-crystal display apparatus 1, peaks of the
spectral characteristics are generated at three portions and
large troughs are generated at two portions among the
above-mentioned three peaks. The first trough is generated
at a wavelength of approximately 480 nm and the second
trough is generated at a wavelength of approximately 570
nm. These two troughs are generated when the three colors
of R, G, B (red, greens, blue) are mixed.

[0016] FIGS. 4A, 4B and 4C are graphs graphing spectral
characteristics of the aforementioned liquid-crystal display
apparatus 10. More specifically, FIG. 4A is a graph showing
spectral characteristics of the same color filter 6, FIG. 4B is
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a graph showing spectral characteristics of the RGB light
emitting diodes, and FIG. 4C is a graph showing spectral
characteristics of the whole of the liquid-crystal display
apparatus 10, respectively.

[0017] As shown in FIG. 4A, in the RGB light-emitting
diodes, peaks of the spectral characteristics are generated at
three portions. Specifically, the first peak lies at wavelength
of approximately 470 nm, the second peak lies at a wave-
length of approximately 530 nm, and the third peak lies at
a wavelength of approximately 630 nm. As shown in FIG.
4B, two troughs are generated among these three peaks. The
first trough is generated at a wavelength of approximately
500 nm and the second trough is generated at a wavelength
of approximately 580 nm. These two troughs are generated
when the three colors of R, G, B (red, green, blue) are
separated from each other.

[0018] Consequently, as shown in FIG. 4C, in the whole
of the liquid-crystal display apparatus 10, peaks of the
spectral characteristics are generated at three portions and
large troughs are generated at the two portions among these
three peaks. The first trough is generated at a wavelength of
approximately 480 nm and the second trough is generated at
a wavelength of 570 nm. These three peaks and two troughs
correspond to the spectral characteristics of the RGB light-
emitting diodes and they are generated when the three colors
of R, G, B (red, green, blue) are separated from each other.

[0019] FIG. 5 is a graph showing color reproducing
ranges of the liquid-crystal display apparatus 1 having the
spectral characteristics shown in FIGS. 3A, 3B and 3C and
the liquid-crystal display apparatus 10 having the spectral
characteristics shown in FIGS. 4A, 4B and 4C. More
specifically, a triangle 11, shown by a two-dot-and dash line
in FIG. 5, shows a color reproducing range of the white
light-emitting diode, and a triangle 12, shown by a solid line,
shows a color reproducing range of the RGB three color
light-emitting diodes. A study of the graph of FIG. 25 may
reveal the fact that, when the RGB three light-emitting
diodes are used as the backlight light source, the color
reproducing ranges can be expanded in all regions of the red,
green and blue regions as compared with the case in which
the white light-emitting diode is used as the backlight light
source.

[0020] In the above-mentioned liquid-crystal display
apparatus, in recent years, various kinds of new technologies
have been developed and adopted as methods for expanding
the color reproducing range. For example, development or
new pigments for use with color filters, improvements of
LEDs of three colors and developments of new cold cath-
ode-ray tubes are various kinds of new technologies.

[0021] Inthis case, most of electronic devices including a
liquid-crystal display apparatus having a relatively large
picture screen larger than a 10-inch-size picture screen, such
as a large-sized liquid-crystal display panel type television
receiver and a notebook size personal computer, use a cold
cathode-ray tube (that is, cold CRT). However, since a high
voltage is required to drive the cold cathode-ray tube, in the
actual situations, the cold cathode-ray tube is hardly used in
portable electronic devices because portable electronic
devices tend to regard small power consumption as being
important. Also, most of portable electronic devices such as
a mobile phone with a small-size screen, a digital still
camera, a built-in camera type image pickup apparatus and
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a PDA (personal digital assistant) uses a white LED (light-
emitting diode), which can be driven by a low voltage, from
various standpoints such as the size of electronic device
products and power consumption.

[0022] However, while the liquid-crystal display appara-
tus described in the above-mentioned Cited Patent Refer-
ence 1 uses a black-and-white liquid-crystal display panel in
which each pixel of the liquid-crystal panel is not provided
with a color filter so that such liquid-crystal display appa-
ratus is excellent in responsiveness of liquid-crystal, high-
speed responsiveness being made possible, it is necessary to
constantly switch the circuits by a switching unit in order to
emit lights of red (R), green (G) and blue (B), and hence the
related-art liquid-crystal display apparatus is not able to emit
lights of red (R), green (G) and blue (B) at the same time.
Therefore, because light-emissions of red (R), green (G) and
blue (B) should be superimposed upon each other with a
time lag, it is not possible to obtain a clear color of each pixel
and hence a color reproducing capability of such related-art
liquid-crystal display apparatus is not sufficient.

[0023] Also, in the liquid-crystal display apparatus
described in the above-mentioned Cited Patent Reference 2,
since three colors of the backlight light source which emits
lights of three primary colors should be emitted sequentially,
many colors are expressed at one pixel by changing trans-
mittance of each color in one pixel in response to a pixel
signal and one dot of color display is displayed by one pixel
a clear color may not be obtained at each pixel and a color
reproducing capability is not sufficient similarly as described
above.

[0024] The problems that the present invention intends to
solve are such ones in which the related-art liquid-crystal
display apparatus should superimpose the light-emissions of
red (R), green (G) and blue (B) upon each other with a time
lag so that each pixel may not produce a clear color and that
a color reproducing capability is not sufficient.

SUMMARY OF THE INVENTION

[0025] Inview of the aforesaid aspects, the present inven-
tion intends to provide a liquid-crystal display apparatus in
which clear and beautiful colors cat be visually confirmed by
expanding color producing ranges.

[0026] Further, the present invention intends to provide a
liquid-crystal display apparatus in which electric power can
be consumed more efficiently so that a time period in which
the liquid-crystal display apparatus is driven can be
extended.

[0027] Further, the present invention intends to provide a
liquid-crystal display apparatus in which color display can
be made clear, if necessary, so that viewers are able to watch
a beautiful picture.

[0028] Furthermore, the present invention intends to pro-
vide an electronic device including the above-mentioned
liquid-crystal display apparatus.

[0029] According to an aspect of the present invention,
there is provided a liquid-crystal display apparatus which is
comprised of a liquid-crystal panel having a color filter, a
first light source for irradiating first white light to the
liquid-crystal panel, a second light source for irradiating
second white light different from the first white light to the
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liquid-crystal panel, an illuminance detecting means for
detecting ambient illuminance of the liquid-crystal panel to
output a detected signal and a light source control means for
switching the first and second light sources based on the
detected signal from the illuminance detecting means.

[0030] In the liquid-crystal display apparatus according to
the present invention, the second light source is composed of
a combination of more than two light-emitting bodies which
emit lights of different colors, the combination being capable
of generating white light by combining lights radiated from
all light-emitting bodies.

[0031] Further, in the liquid-crystal display apparatus
according to the present invention, the light source control
means compares the illuminance detected value detected
based on the detected signal from the illuminance detecting
means with a predetermined illuminance reference value,
the light source control means energizes the first light source
if it is determined based on the compared result that the
illuminance detected value is larger than the illuminance
reference value and the light source control means energizes
the second light source if it is determined based on the
compared result that the illuminance detected value is
smaller than the illuminance reference value.

[0032] Furthermore, in the liquid-crystal display apparatus
according to the present invention, the illuminance detecting
means includes at least one of a luminance sensor and a
white balance sensor.

[0033] In accordance with another aspect of the present
invention, there is provided an electronic device including a
liquid-crystal display device comprising a liquid-crystal
panel having a color filter, a first light source for irradiating
first white light to the liquid-crystal panel and a second light
source for irradiating second white light different from the
first white light to the liquid-crystal panel and a control
apparatus for displaying color image by controlling the state
in which light is passed through the liquid-crystal panel or
light is reflected on the liquid-crystal panel, the liquid-
crystal display apparatus comprising an illuminance detect-
ing means for detecting ambient illuminance of the liquid-
crystal panel to output a detected signal and a light source
control means for switching the first and second light
sources bashed on the detected signal from the illuminance
detecting means.

[0034] According to the liquid-crystal display apparatus
and the electronic device of the present invention, the
illuminance detecting means compares the ambient illumi-
nance of the liquid-crystal panel with the reference illumi-
nance, and the light source control means switches the first
and second light sources in response to the compared result
of the illuminance, whereby the first light source for emitting
white light is driven to decrease power consumption when a
viewer watches the liquid-crystal panel in the outdoor with
large illuminance or when a viewer watches the liquid-
crystal panel over a long period of time. Whereas, when a
user watches the liquid-crystal panel in the indoor with small
illuminance, the second light source for emitting more than
two lights containing white light is driven to widen a color
reproducing range. As a result, the viewer is able to visually
confirm clear and beautiful colors.

[0035] According to the present invention, it is possible to
realize the liquid-crystal display apparatus and the electronic
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device in which the light source is switched in response to
the ambient illuminance of the liquid-crystal panel and the
two light sources are selectively used in response to a use so
that electric power consumption can be consumed more
efficiently, a time in which the liquid-crystal display appa-
ratus and the electronic device are driven in use can be
extended, color image can be made clear if necessary, thus
to make it possible for viewers to visually confirm beautiful
pictures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is an explanatory diagram showing a first
example of a liquid-crystal display apparatus according to
the related art;

[0037] FIG. 2 is an explanatory diagram showing a sec-
ond example of a liquid-crystal display apparatus according
to the related art;

[0038] FIGS. 3A, 3B and 3C are graphs showing spectral
characteristics of a first light source, wherein FIG. 3A
shows spectral characteristics or a color filter; FIG. 3B
shows spectral characteristics of a white light-emitting
diode; and FIG. 3C shows spectral characteristics of lights
that passed through a liquid-crystal panel, respectively;

[0039] FIGS. 4A, 4B and 4C are graphs showing spectral
characteristics of a first light source, wherein FIG. 4A
shows spectral characteristics of a color filter; FIG. 4B
shows spectral characteristics of red, green and blue light-
emitting diodes; and FIG. 4C shows spectral characteristics
of lights that passed through a liquid-crystal panel, respec-
tively;

[0040] FIG. 5 is an explanatory diagram showing color
reproducing regions in a CIE chromaticity diagram;

[0041] FIG. 6 is an explanatory diagram showing a sche-
matic arrangement of a first embodiment of a liquid-crystal
display apparatus according to the present invention;

[0042] FIG. 7 is a block diagram showing a first embodi-
ment of an electronic device that uses a liquid-crystal
display apparatus according to the present invention;

[0043] FIG. 8 is a block diagram showing a first embodi-
ment of a power supply circuit that uses a liquid-crystal
display apparatus according to the present invention;

[0044] FIG. 9 is a block diagram showing a second
embodiment of a power supply circuit that uses a liquid-
crystal display apparatus according to the present invention;

[0045] FIGS. 10A, 10B, 10C and 10D are explanatory
diagrams showing examples of combinations of four color
light-emitting diodes as a first embodiment of a backlight
according to a liquid-crystal display, apparatus of, the
present invention, respectively, wherein FIG. 10A shows a
combination of one package of a white light-emitting diode
and one package of red, green and blue light-emitting
diodes; FIG. 10B shows a combination of packages of
white, red, green and blue light-emitting diodes; FIG. 10C
shows a combination of one package of a white light-
emitting diode and packages of any two of red, green and
blue light-emitting diodes; and FIG. 10D shows a combi-
nation of one package of a white light-emitting diode and
packages of any two colors of combined red, green and blue
light-emitting diodes;
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[0046] FIGS.11A, 11B and 11C are explanatory diagrams
showing examples of arrangements of light-emitting diodes
and packages as a first embodiment of a backlight according
to a liquid-crystal display apparatus according to the present
invention, respectively, wherein FIG. 11A shows an
example in which one package of a white light-emitting
diode and one package of red, green and blue light-emitting
diode are located alternately; FIG. 11B shows an example in
which two of one package of red, green and blue light-
emitting diodes are alternately located relative to one pack-
age of a white light-emitting diode; and FIG. 11C shows an
example in which three of one package of red, green and
blue light-emitting diodes are alternately located relative to
one package of a white light-emitting diode;

[0047] FIGS.12A,12B and 12C are explanatory diagrams
showing examples in which the light-emitting diodes and the
packages, shown in FIG. 11B, of the liquid-crystal display
apparatus according to the present invention are energized,
respectively, wherein FIG. 12A shows the state in which all
of the white, red, green and blue light-emitting diodes are
energized; FIG. 12B shows the state in which the red, green
and blue light-emitting diodes other than the white light-
emitting diode are energized; and FIG. 12C shows the state
in which only the white light-emitting diode is energized, the
red, green and blue light-emitting diode being de-energized;

[0048] FIG. 13 is a flowchart to which reference will be
made in explaining the first embodiment of control opera-
tions done by a control apparatus of the liquid-crystal
display apparatus according to the present invention;

[0049] FIG. 14 is a flowchart to which reference will be
made in explaining the second embodiment of control
operations done by a control apparatus of the liquid-crystal
display apparatus according to the present invention;

[0050] FIG. 15 is a flowchart to which reference will be
made in explaining the third embodiment of control opera-
tions done by a control apparatus of the liquid-crystal
display apparatus according to the present invention;

[0051] FIG. 16 is an explanatory diagram showing a
schematic arrangement of the second embodiment of the
liquid-crystal display apparatus according to the present
invention;

[0052] FIG. 17 is a block diagram showing the third
embodiment of the power supply circuit that uses the
liquid-crystal display apparatus according to the present
invention;

[0053] FIGS. 18A and 18B show embodiments of white
light-emitting bodies of the liquid-crystal display apparatus
according to the present invention, wherein FIG. 18A is a
cross-sectional view of a first white light-emitting body; and
FIG. 18B is a cross-sectional view of a second white
light-emitting body;

[0054] FIGS. 19A, 19B and 19C show examples of
arrangements of the first white light-emitting body and the
second white light-emitting body as the second embodiment
of the backlight of the liquid-crystal display apparatus
according to the present invention, respectively, wherein
FIG. 19A is an explanatory diagram showing an example of
the arrangement in which the first and second white bodies
are arrayed alternately; FIG. 19B is an explanatory diagram
showing an example of the arrangement in which two
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second white light-emitting bodies are arrayed relative to
one first light-emitting body; and FIG. 19C is an explana-
tory diagram showing an example of the arrangement in
which three second white light-emitting bodies are arrayed
relative to one first light-emitting body;

[0055] FIGS. 20A, 20B and 20C show examples in which
the first and second white light-emitting bodies, shown in
FIG. 19A, of the liquid-crystal display apparatus according
to the present invention are energized, respectively. wherein
FIG. 19A is an explanatory diagram showing the state in
which all of the first and second white light-emitting bodies
are energized; FIG. 19B is an explanatory diagram showing
the state in which the first white light-emitting body is
de-energized and only the second white light-emitting bod-
ies are energized; and FIG. 19C is an explanatory diagram
showing the state in which the second white light-emitting
bodies are de-energized and only the first white light-
emitting body is energized;

[0056] FIG. 21 is a flowchart to which reference will be
made in explaining the fourth embodiment of control opera-
tions done by a control apparatus of the liquid-crystal
display apparatus according to the present invention;

[0057] FIG. 22 is a flowchart to which reference will be
made in explaining the fifth embodiment of control opera-
tions done by a control apparatus of the liquid-crystal
display apparatus according to the present invention;

[0058] FIG. 23 is a flowchart to which reference will be
made in explaining the sixth embodiment of control opera-
tions done by a control apparatus of the liquid-crystal
display apparatus according to the present invention;

[0059] FIG. 24 is an external appearance perspective view
showing an image pickup apparatus which is the first
embodiment of the electronic device using the liquid-crystal
display apparatus according to the present invention;

[0060] FIG.25is an external appearance perspective view
showing a notebook type personal computer which is the
second embodiment of the electronic device using the lig-
uid-crystal display apparatus according to the present inven-
tion;

[0061] FIG. 26 is a graph useful for explaining y (gamma)
characteristics of monitor gamma and in which the horizon-
tal axis represents a video signal and the vertical axis
represents monitor luminance; and

[0062] FIG. 27 is a graph used to explain y (gamma)
characteristics of monitor gamma and in which the horizon-
tal axis represents an input signal and the vertical axis
represents luminance.

DETAILED DESCRIPTION

[0063] Embodiments of the present invention will be
described below with reference to the attached drawings.

[0064] FIGS. 6 to 25 are diagrams to which reference will
be made in explaining the embodiments of the present
invention. More specifically, FIG. 6 is an explanatory dia-
gram showing a schematic arrangement of the first embodi-
ment of the liquid-crystal display apparatus according to the
present invention. FIG. 7 is a block diagram showing a
schematic arrangement of an electronic device that uses the
liquid-crystal display apparatus shown in FIG. 6. FIGS. 8
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and 9 are block diagrams showing the embodiments of
power supply circuits for use with the liquid-crystal display
apparatus shown in FIG. 6. FIGS. 10A, 10B, 10C and 10D
are explanatory diagrams showing examples of combina-
tions of respective color light-emitting diodes constructing
the backlight of the liquid-crystal display apparatus shown
in FIG. 6, respectively. FIGS. 11A, 11B and 11C are
explanatory diagrams showing examples of arrangements of
the light-emitting diodes and the packages constructing the
backlight of the liquid-crystal display apparatus shown in
FIG. 6, respectively. FIGS. 12A, 12B and 12C are explana-
tory diagrams showing examples in which the light-emitting
diodes and the packages constructing the backlight of the
liquid-crystal display apparatus shown in FIG. 6 are ener-
gized, respectively. FIGS. 13, 14 and 15 are flowcharts
showing examples of control operations done by the control
apparatus of the liquid-crystal display apparatus shown in
FIG. 6, respectively.

[0065] FIG. 16 is an explanatory diagram showing a
schematic arrangement of the second embodiment of the
liquid-crystal display apparatus according to the present
invention. FIG. 17 is a block diagram showing the embodi-
ment of a power supply circuit for use with the liquid-crystal
display apparatus shown in FIG. 16. FIGS. 18A and 18B
are explanatory diagrams showing the embodiments of
schematic arrangements of white light-emitting diodes con-
structing the backlight of the liquid-crystal display apparatus
shown in FIG. 16, respectively. FIGS. 19A, 19B and 19C
are explanatory diagrams showing examples of arrange-
ments of white light-emitting diodes constructing the back-
light of the liquid-crystal display apparatus shown in FIG.
16, respectively. FIGS. 20A, 20B and 20C are explanatory
diagrams showing examples in which white light-emitting
diodes constructing the backlight of the liquid-crystal dis-
play apparatus shown in FIG. 16 are energized, respectively.
FIGS. 21, 22 and 23 are flowcharts showing examples of
control operations done by the control apparatus of the
liquid-crystal display apparatus shown in FIG. 6, respec-
tively. FIGS. 24 and 25 are, explanatory diagrams showing
the embodiments of the electronic device that uses the
liquid-crystal display apparatus according to the present
invention, respectively.

[0066] As shown in FIG. 6, a liquid-crystal display appa-
ratus 20, which shows the first embodiment of the present
invention, is composed of a liquid-crystal panel 21 including
a color filter and a backlight 22 serving as a backlight light
source to irradiate light of white or lights of more than two
colors containing white to this liquid-crystal panel 21. Also,
the liquid-crystal panel 21 is composed of a first sheet
polarizer 23, a first substrate 24, a liquid-crystal 25, a color
filter 26, a second substrate 27 and a second sheet polarizer
28.

[0067] The backlight 22 is composed of a first light source
to irradiate white light to the liquid-crystal panel 21 and a
second light source to irradiate lights of more than two
colors containing white to the liquid-crystal panel 21. More
specifically, this backlight 22 is composed of light-emitting
diodes to emit lights of more than three colors or four colors
containing white. In this embodiment, the backlight 22 is
composed of light-emitting diodes of four colors and four
kinds of a W light-emitting diode 22w of a combination of
white (W) and red (R), green (G) and blue (B), which are
three primary colors of color, that is, W light-emitting diode
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22w capable of emitting light of white (W), a R light-
emitting diode 227 capable of emitting light of red (R), a G
light-emitting diode 22g capable of emitting light of green
(G) and a B light-emitting diode 225 capable of emitting
light of blue (B).

[0068] The W light-emitting diode 22w can be composed
of a combination of a blue light-emitting diode to emit light
of blue, for example, and a yellow fluorescent material (for
example, a mixture of a red fluorescent material and a green
fluorescent material) serving as a filter such as a cover to
cover its light-emitting portion. However, the combinations
constructing white (W) are not limited to those of this
embodiment and it is needless to say that various kinds of
combinations can be applied so long as they are able to emit
light of white on the whole.

[0069] Also, the RGB light-emitting diodes 22r, 22g and
22b of red, green and blue may be light-emitting diodes,
each of which is able to emit light of single color, that is,
each of which is able to emit light of corresponding color
independently. Also, the RGB light-emitting diodes 227, 22¢
and 22b may be constructed by adding red, green and blue
fluorescent materials to the white light-emitting diode so that
they may become able to emit lights of corresponding
colors.

[0070] The combinations of the light-emitting diodes of
four colors and four kinds may use the applications of
various kinds of combinations as shown in FIGS. 10A, 10B,
10C and 10D. FIG. 10B shows the arrangement in which
one kind of the light-emitting diode is housed within one
package, each one package of the RGBW light-emitting
diodes 227, 22g, 225 and 22w of red, green, blue and white
is able to display one kind of color and in which four
packages 31a, 315, 31c¢ and 314 are able to display four
kinds of colors.

[0071] In this case, when the four kinds of the light-
emitting diodes are energized such that emitted lights may
not interfere with each other, the respective light-emitting
diodes 22r, 22¢, 22b and 22w are energized to emit lights of
red, green, blue and white so that these red, green, blue and
white can be displayed independently. On the other hand,
when only the RGB light-emitting diodes 22r, 22g and 225
of red, green and blue of three primary colors are energized
such that their emitted lights may interfere with each other,
these red, green and blue lights are caused to interfere with
each other and hence light of white may be emitted on the
whole. At that time, when the W light-emitting diode 22w of
white is energized in addition to the RGB light-emitting
diodes 22r, 22g and 224 of red, green and blue, the intensity
of light of white is increased more than that of white
displayed by the RGB light-emitting diodes 22r, 22g and
22b of red, green and blue so that white may become bright
on the whole. As compared with this bright white, the white
formed by the three RGB light-emitting diodes 227, 22g and
22b may become white of which intensity is insufficient.
Thus, the intensities of two lights of white become different.

[0072] FIG. 10A shows the arrangement in which the W
light-emitting diode 22w of white is composed of one
package and the remaining three kinds of the RGB light-
emitting diodes 22r, 22¢g and 225 of red, green and blue are
housed within one package so that two packages 31a and 32
may become able to display four kinds of colors. In this case,
when the RGB light-emitting diodes 227, 22¢ and 225 of red,
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green and blue housed within one package are energized at
the same time or when they are energized sequentially at a
predetermined time interval, lights emitted from the RGB
light-emitting diodes 227, 22g and 225 may interfere with
each other so that light of white may be emitted on the
whole. On the other hand, when any one of the RGB
light-emitting diodes 227, 22¢ and 226 of red, green and blue
is energized in the package 32, the whole of the package 32
becomes a light-emitting diode of color corresponding to the
thus emitted light to emit only such color.

[0073] FIG. 10C shows the arrangement in which the W
light-emitting diode 22w of white is housed within one
package, and two of the RGB light-emitting diodes 227, 22g
and 224 of red, green and blue of the remaining three kinds
are housed within one package so that four kinds of colors
can be displayed by three packages. In this embodiment, the
R light-emitting diode 227 and the G light-emitting diode
22¢ are housed within the first package 33a, the G light-
emitting diode 22g and the B light-emitting diode 225 are
housed within the second package 336 and the B light-
emitting diode 225 and the R light-emitting diode 227 are
housed within the third package 33c.

[0074] Inthis case, of the three kinds of packages 33a, 335
and 33¢, any two kinds of packages can be used. Then, the
RGB light-emitting diodes 22, 22g and 225 of red, green
and blue housed within the two kinds of packages are
energized to emit lights at the same time or they are
sequentially energized to emit lights at a predetermined time
interval, whereby these lights interfere with each other to
emit light of white on the whole. In that case, only any one
of the two light-emitting diodes of the same color may be
used. In the two kinds of packages (any two of the packages
33a, 335 and 33c¢), when one of the RGB light-emitting
diodes 22r, 22¢g and 225 of red, green and blue is energized
to emit light, the above package becomes the light-emitting
diode of the color corresponding to the emitted light and the
above light is emitted from this light-emitting diode.

[0075] When the R light-emitting diode 22r and the G
light-emitting diode 22g of the first package 33a are ener-
gized to emit lights at the same time, there may be obtained
light of yellow (Y) which is a mixed color of red (R) and
green (G). Also, when the G light-emitting diode 22¢ and the
B light-emitting diode 225 of the second package 335 are
energized to emit lights at the same time, there may be
obtained light of cyan (C) which is a mixed color of green
(G) and blue (B). Then, when the B light-emitting diode 225
and the R light-emitting diode 227 of the third package 33¢
are energized to emit lights at the same time, there may be
obtained magenta (M) which is a mixed color of blue (B)
and red (R).

[0076] FIG. 10D shows the arrangement in which each of
the RGBW light-emitting diodes 22r, 22g, 22b and 22w of
four kinds containing white is housed within one package so
that colors of four kinds can be displayed by the five
packages 31a, 315, 31¢ and 31d. This embodiment shows a
modified example of the combination shown in FIG. 10C
and in which one package is divided into two packages
which are used in the same manner. More specifically, when
the RGB light-emitting diodes 227, 22g and 225 of the three
kinds of the packages except, white and overlapping one
color are energized to emit lights at the same time or when
they are sequentially energized to emit lights at a predeter-
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mined time lag, lights emitted from the RGB light-emitting
diodes 227, 22¢ and 225 interfere with each other to emit
light of white on the whole. Then, when light emitted from
the W light-emitting diode 22w of white is added to the
above emitted light of white, light of white with larger
intensity can be displayed.

[0077] The white package 31a including the above-de-
scribed W light-emitting diode 22w constructs a first light
source which irradiates white light to the liquid-crystal panel
21. Also, the combination of the color package 32 including
the RGB light-emitting diodes 227, 22g and 224 and the
white package 31a constructs a second light source for
irradiating lights of more than two colors containing light of
white to the liquid-crystal panel 21.

[0078] FIGS. 11A, 11B and 11C show the embodiments of
the arrangements of the first and second light sources having
the aforementioned arrangements. More specifically, the
embodiments shown in FIGS. 11A, 11B and 11C are the
embodiments using the package arrangement shown in FIG.
10A and they illustrate the examples of the arrangements of
the light-emitting diodes obtained when the backlight is
constructed by using the W light-emitting diode 22w of
white and a three-in one package in which the RGB light-
emitting diodes 22r, 22g and 225 of the three kinds are
housed within one package. In this case, it is needless to say
that various factors such as a ratio of quantities of white and
other colors (red, green and blue), and arrangements of those
colors may not be limited to those of the embodiments which
will follow.

[0079] FIG. 11A shows the embodiment in which one
white package including the W light-emitting diode 22w and
one color package including the RGB light-emitting diodes
22r, 22g and 22b are alternately located to construct the
backlight. In the case of the embodiment shown in FIG.
11A, since the white package 31a and the color package 32
are used at the same ratio, although clearness of color of red,
green and blue is slightly decreased, power consumption of
the white package 31¢ is small so that the liquid-crystal
display apparatus may become able to operate with low
power consumption for a long period of time.

[0080] FIG. 11B shows the embodiment in which the
white package 31a and the color package 32 are repeatedly
located with a ratio of 1:2. In the case of this embodiment,
since, the number of the color packages 32 is twice as large
as the number of the white packages 31a, clearness of colors
of red, green and blue can be increased. On the other hand,
power consumption of the color package 32 is larger than
that of the white package 31a so that power consumption of
the liquid-crystal display apparatus may be increased
unavoidably.

[0081] FIG. 11C shows the embodiment in which a ratio
between the white packages 31a and the color packages 32
is set to 1:3, thus the ratio of the color packages 32 being
increased more. In the case of this embodiment, since the
number, of the color packages 32 is three times as large as
that of the white packages 31a, clearness of colors of red,
green and blue can be increased more but power consump-
tion is unavoidably increased in proportion to the increase of
the clearness of colors. The white packages 31a and the
color packages 32 may be arrayed on the same straight line
or the same plane.

[0082] FIGS. 12A, 12B and 12C show the embodiments
of the modes in which the backlight light source having the
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above-mentioned arrangement is energized and de-ener-
gized. FIG. 12A shows the state in which the light-emitting
diodes of four colors, in total, of three colors (red, green and
blue) of the white package 31a and the color package 32 are
all energized to emit lights in the second light source. In this
case, light of white is directly radiated from the white
package 31a and light of white, generated when three colors
of red, green and blue were mixed, is radiated from the color
package 32.

[0083] According to this energizing mode, lights of white
are emitted from all of the white packages 31a and the color
packages 32. As a result, since all packages become white
light sources to emit lights of white, the backlight light
source can increase the intensity of light as the backlight and
hence the whole of the backlight can exhibit an illumination
function with the largest intensity. This energizing mode is
suitable for the case in which the liquid-crystal display
apparatus is in use at the indoor in the brightest state, for
example.

[0084] FIG. 12B shows the state in which light-emitting
diodes of three colors, in total, of red, green and blue of all
color packages 32 are all energized while all of the white
packages 31a are de-energized in the second light source. In
this case, lights of white, generated when three colors of red,
green and blue were mixed, are emitted from only all of the
color packages 32. According to this energizing mode, the
liquid-crystal display apparatus can demonstrate an illumi-
nation function which can emit light of clear color while
color reproduction of the color package 32 is being regarded
as being important. This energizing mode is suitable for the
case in which the liquid-crystal display apparatus is in use at
the indoor in the darkness, for example.

[0085] FIG. 12C shows the state in which all white
packages 31a are all energized (this state shows the first light
source) while all color packages 32 are de-energized in the
second light source. In this case, light of white is radiated
from only all of the white packages 31a. According to this
energizing mode, the liquid-crystal display apparatus can
demonstrate an illumination function with small power
consumption while the intensity of light (or electric power)
is being regarded as being important. This energizing mode
is suitable for the case in which the liquid-crystal display
apparatus is in use at the outdoor, for example.

[0086] As described above, the second light source and the
first light source are switched in energizing mode in
response to the environment under which this liquid-crystal
display apparatus is in use. More specifically, when it is
intended to maintain a large color reproducing range, the
color packages 32 are energized. Also, when it is intended to
increase illuminance, the white packages 31 (color packages
32 may be added, if necessary) are energized so that it
becomes possible to realize switching of high image quality
(wide color reproducing range) and high outdoor visibility in
response to the mobile environment.

[0087] The arrangement of the liquid-crystal panel 21 to
which light is irradiated by the backlight 22 having the
above-mentioned arrangement is similar to that shown in
FIG. 2. As shown in FIG. 6, the liquid-crystal panel 21 is
composed of the first sheet polarizer 23, the first substrate
24, the liquid crystal 25, the color filter 26, the second
substrate 27 and the second sheet polarizer 28 located, in
that order, from the side of the backlight 22.
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[0088] The first and second sheet polarizers 23 and 28 are
polarizers having planes of polarization which can be rotated
90 degrees. The first sheet polarizer 23 is bonded to one
surface of the first substrate 24, and the second sheet
polarizer 28 is bonded to one surface of the second substrate
27. The first and second substrates 24 and 27 are formed of
glass plates in which transparent electrodes of predeter-
mined shape are attached to one surfaces thereof and thereby
formed as one body. The respective transparent electrodes of
the first and second substrates 24 and 27 are provided on the
surface opposite to the side of the two sheet polarizers 23
and 28. The liquid crystal 25 having the color filter 26 is
interposed between the surfaces in which those transparent
electrodes are provided.

[0089] Theliquid crystal 25 is formed of stick-like organic
molecules and it is able to switch the dark state and the
bright state based on the presence of a voltage by utilizing
electric anisotropy such as permittivity and conductivity and
optical anisotropy such as refractive index. One transparent
electrode is located on one surface of this liquid crystal 25
and the color filter 26 is located on the other surface of the
liquid crystal 25. Then, the color filter 26 has the other
transparent electrode disposed on its surface opposite to the
liquid crystal 25. The color filter 26 has the respective filter
regions 267, 26g and 265 of red (R), green (G) and blue (B)
disposed thereon in such a manner that they may be con-
tinued repeatedly at the same interval in the upper and lower
direction and in the right and left direction.

[0090] Color purities of three primary colors of red, green
and blue of this color filter 26 are different depending on the
film thickness of the color filter, concentration of pigment
and the like. While the color purities can be improved in
accordance with the increase of the concentration value,
transmittance of the color filter is lowered so that the display
screen becomes dark. With respect to this disadvantage,
according to the present invention, the state in which only
the white packages 31a serving as the first light source are
energized to emit lights is added to the state in which the
color packages 32 are energized to emit lights independently
of the state in which the white packages 31a serving as the
second light source are energized to emit lights so that both
of the white packages 31a and the color packages 32 are
energized to emit lights. Therefore, lights of sufficiently
large quantity of light can be emitted even in the state in
which transmittance decreases, the intensity of light can be
increased to increase visibility. At the same time, display of
colors can be made clear by widening the color reproducing
range.

[0091] FIG. 7 is a block diagram showing a schematic
arrangement of an electronic device 40 including the liquid-
crystal display apparatus 20 composed of the liquid-crystal
panel 21 and the backlight 22, each of which has the
aforementioned arrangement. As shown in FIG. 2, this
electronic device 40 is composed of a control unit 41 which
is a control apparatus serving as a light source control means
as well, a video signal processing unit 42 electrically con-
nected to this control unit 41, a storage apparatus 43
including a program memory and a data memory to drive the
control unit 41 and other RAM (random-access memory)
and ROM (read-only memory), a luminance sensor 44
which shows a first specific example of an illuminance
detecting means to detect ambient luminance of the liquid-
crystal panel 21 to output a detected signal, a white balance
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sensor 45 which shows a second specific example of an
illuminance detecting means to detect ambient illuminance
of the liquid-crystal panel 21 to output a detected signal and
the like.

[0092] The control unit 41 is composed of an operation
circuit including a microcomputer (CPU (central processing
unit)), for example, and so on. A liquid-crystal driving unit
46 is connected to the video signal processing unit 42 and
the liquid-crystal panel 21 is connected to the liquid-crystal
driving unit 46. A first connection terminal 40a of the
electronic device 40 is connected to this video signal pro-
cessing unit 42 and a video signal is inputted to the elec-
tronic device 40 from external devices through the first
connection terminal 40a. Also, the control unit 41 is con-
nected to a second connection terminal 405 of the electronic
device 40 and a camera correction signal is inputted to the
electronic device 40 from the second connection terminal
405.

[0093] Further, the luminance sensor 44 is connected to
the control unit 41 through a first interface circuit 48, and
luminance information detected by the luminance sensor 44
is inputted to the control unit 41. Also, the white balance
sensor 45 is connected to the control unit 41 through a
second interface circuit 49, and white balance information
detected by the white balance sensor 45 is inputted to the
control unit 41. Then, a LED (light-emitting diode) driving
unit 47 is connected to the control unit 41 and the first light
source 22w and the second light sources 22r, 22g and 22b
which construct the backlight 22 is connected to the LED
driving unit 47.

[0094] FIGS. 8 and 9 are respectively block diagrams
showing examples of arrangements of power supply circuits
by which the LED driving unit 47, the first light source 22w
and the second light sources 227, 22g and 224 are connected
together. A power supply circuit 51 is composed of four
kinds of light-emitting diodes, that is, the W light-emitting
diode 22w of white and the three kinds of the RGB light-
emitting diodes 22r, 22g and 224 of red, green and blue
which are individually connected in parallel to each other.
The power supply circuit 51 is provided with four make and
break switches W-SW, R-SW, G-SW and B-SW in response
to the four kinds of the light-emitting diodes. By controlling
make and break operations of these make and break switches
W-SW, R-SW, G-SW and B-SW, it is possible to properly
control the four kinds of the light-emitting diodes in such a
manner that each of these light-emitting diodes may be
energized to emit light at every color or that these light-
emitting diodes of all colors may be energized to emit lights
at the same time.

[0095] A power supply circuit 52 shown in FIG. 9 is
composed of the W light-emitting diode 22w of white and
the three kinds of the RGB light-emitting diodes 22r, 22¢g
and 225 of red, green and blues which are individually
connected in series. The power supply circuit 52 also is
provided with the four make and break switches W-SW,
R-SW, G-SW and B-SW in response to the four kinds of the
light-emitting diodes. By controlling make and break opera-
tions of these make and break switches W-SW, R-SW, G-SW
and B-SW, it is possible to properly control the four kinds of
the light-emitting diodes in such a manner that each of these
light-emitting diodes may be energized to emit light at every
color or that these light-emitting diodes of all colors may be
energized to emit lights at the same time.
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[0096] The liquid-crystal panel 21 is not limited to an
active matrix LCD (liquid-crystal display) in which switch-
ing semiconductor devices and memory device to accumu-
late signals are disposed within the panel thereof, and a
passive matrix LCD which does not include switching
semiconductor devices and memory devices and LCDs of
other systems can, of course, be applied to the liquid-crystal
panel 21. Also. the backlight 22 may be located relative to
the liquid-crystal panel 22 by a suitable arrangement system
such as a side arrangement system in which the backlight 22
1s located at the lateral side of the liquid-crystal panel 21 and
a direct arrangement system in which the backlight 22 is
located at the rear surface of the liquid-crystal panel 21. It
is needless to say that the backlight 22 can be freely located
relative to the liquid-crystal panel 21 based on any other
arbitrary arrangement systems. Further, the settings (y cor-
rection, settings and selections of colors, correction of
colors, etc.) which should be required when a viewer intends
to make a desired image on the liquid-crystal display panel
20 can also be switched in synchronism with the mode
switching of the backlight 22.

[0097] The vy (gamma correction) correction will be
described below. “Color reproduction” refers to a degree at
which colors of an object can be reproduced with fidelity.
“Color reproducibility” refers to “color reproduction includ-
ing color reproduction characteristics”. In general, contrast
of an image reproduced by a television receiver is lower than
that of an actual object. However, the viewers are able to
watch reproduced images without unpleasantness because
optimum gradation reproduction lies in reproduction of
relative lightness of an original scene. Also, input and output
characteristics in which luminance of each portion of an
object and luminance of a corresponding portion on a
reproduced image are expressed on two logarithmic axes
refer to “gradation characteristics”. Reproduced state of
light and shade of the reproduced images refers to “grada-
tion reproduction”. Then, a gradient of a tangential line of
each portion in the reproduced state refers to “y (gamma)”.

[0098] In the monitors (liquid-crystal displays, plasma
displays, CRT (cathode-ray tube) displays, etc.) of the
existing television receivers, a value of y characteristic
(electro-optic transducer characteristic) is generally set to a
monitor gamma y=1.8 to 2.2. The value of the monitor
gamma y can be corrected as a total gamma y based on
characteristics (video card gamma table) of a signal supplied
to the monitor as shown in FIG. 26. For example, when a
monitor gamma is set to y=2.2, if a video signal (for
example, characteristic is 0.818) having inverse y charac-
teristics (video card gamma table) is supplied to the monitor,
then the total gamma is set to y=1.8.

[0099] As shown in FIG. 27, when the y value of this y
correction is increased (for example, y=2.5), intermediate
gradation luminance is decreased (gradation expression
power is increased) and hence the screen becomes dark. On
the other hand, when the y value is decreased (for example,
v=1.0), intermediate gradation luminance is increased (gra-
dation expression power is decreased) and hence the screen
becomes bright. As described above, when the y correction
1s carried out arbitrarily or in accordance with viewer’s taste,
luminance, visibility and the like of the liquid-crystal dis-
play apparatus 20 can be adjusted in accordance with the
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viewer’s taste and therefore the viewer is able to make a
desired image on the picture screen of the liquid-crystal
display apparatus 20.

[0100] FIGS. 13, 14 and 15 are respectively flowcharts
showing the embodiments of control operations done by the
control unit 41 in the electronic device 40. The control unit
41 is supplied with a luminance detection signal from the
luminance sensor 41, a white balance detection signal from
the white balance sensor 45, a correction signal and a video
signal from the camera. Then, the control unit 41 executes
a predetermined calculation processing based on these sig-
nals and outputs a control signal to the LED driving unit 47
in response to the calculated result to control lighting of the
backlight (first and second light sources) 22. Concurrently
with the control of lighting of the backlight 22, the control
unit 41 outputs a control signal through the video signal
processing unit 42 to the liquid-crystal driving unit 46 to
control the liquid-crystal panel 21 so that a predetermined
image may be displayed on the liquid-crystal panel 21.
However, it is needless to say that the present invention may
not be limited to those examples of control operations shown
in the flowcharts of FIGS. 13, 14 and 15.

[0101] The flowchart of FIG. 13 shows the example of the
manner in which the light source of the backlight 22 is
controlled while the image quality of the image is being
regarded as being important.

[0102] Referring to FIG. 13, and following the start of
operation, the image mode is set to the normal mode at a step
S1. That is, the image quality of the image is matched with
the reference image mode which is stored, in advance, in the
memory apparatus 43, for example. Then, control goes to the
next step S2, whereat the W light-emitting diode 22w of
white serving as the first light source is energized (for
example, the state shown in FIG. 12C). In this state, since
only the W light-emitting diode 22w is energized, a certain
degree of intensity of illumination can be maintained and the
backlight 22 can be driven at small power consumption. The
manner in which illumination is used as described above is
effective for the case in which the electronic device 40 is in
use at the outdoor.

[0103] Then, control goes to the next decision step S3. At
the decision step S3, it is determined by the control unit 41
whether or not the image quality mode is switched to the
high image quality mode. This decision can be carried out by
checking whether or not a change-over switch, which
changes-over the image quality mode to the high image
quality mode or to the normal image quality mode, is
operated. If the image quality mode is not switched to the
high image quality mode as represented by a NO at the
decision step S3, then control is ended. If on the other hand
the image quality mode is switched to the high image quality
mode as represented by a YES at the decision step S3, then
control goes to the next step S4.

[0104] At the step S4, the image quality mode is switched
to the high image quality mode. Then, control goes to the
next step S5. In this step S5, the RGB light-emitting diodes
22r, 22¢g and 226 of the three kinds of red, green and blue
are energized at the same time (for example, the state shown
in FIG. 12A). In the state presented at the step S5, white
light generated by the RGB light-emitting diodes 22r, 22g
and 225 is added to white light generated by the W light-
emitting diode 22w which was already energized. As a
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consequence, lights of white from both of the first and
second light sources are superimposed upon each other to
obtain illumination of extremely large intensity. Therefore,
the color filter 26 of the liquid-crystal panel 21 can be
irradiated with light of extremely large intensity. Accord-
ingly, color reproducibility can be increased extremely and
predetermined colors can be displayed clearly. Then, control
is ended.

[0105] The flowchart of FIG. 14 shows the example of the
manner in which the light source of the backlight is con-
trolled based on the kind of the power supply.

[0106] Referring to FIG. 14, and following the start of
operation, it is determined at the next decision step S11 by
the control unit 41 whether or not the power supply of the
electronic device 40 is an AC power supply. That is, it is
determined at the decision step S11 whether the electronic
device 40 is used at home in which electric power can be
sufficiently supplied to the electronic device 40 or the
electronic device 40 is driven at the outdoor with supply of
electric power from a portable power supply. If the power
supply is not the AC power supply as represented by a NO
at “the decision step S11, that is, the electronic, device 40 is
driven at the outdoor by electric power from the portable
power supply, then control goes to the next decision step
S12.

[0107] Tt is determined at the decision step S12 by the
control unit 41 whether or not the image quality is the high
image quality mode. In, this decision at the step S12, the
backlight 22 is switched to the first light source or the second
light source based on good or bad of image quality. If the
image quality is not the high image quality mode as repre-
sented by a NO at the decision step S12, then control goes
to the next step S13, whereat the W light-emitting diode 22w
serving as the first light source is energized (for example, the
state shown in FIG. 12C). At that time, in the state shown
at the step S13, since only the W light-emitting diode 22w
1s energized, the backlight 22 can be driven at small power
consumption for a long time period while illumination of a
certain degree of intensity being maintained. The manner in
which such illumination of the backlight 22 is used is
effective for the case in which the electronic device 40 is in
use at the outdoor under natural light of extremely large
intensity. Then, control is ended.

[0108] If on the other hand the image quality is the high
image quality mode as represented by a YES at the decision
step S12, then control goes to the next step S14 whereat the
RGB light-emitting diodes 227, 22g and 225 of the three
kinds of red, green and blue are energized at the same time
(for example, the state shown in FIG. 12B). Then, control is
ended. In the state shown at the step S14, white light is
emitted by the RGB light-emitting diodes 22r, 22g and 225
of the three kinds. In this state, of the second light source,
only the RGB light-emitting diodes 227, 22¢g and 224 of the
three kinds are energized to generate illumination of large
intensity. This illumination becomes slightly darker than
illumination of extremely large intensity obtained when light
of white generated by energizing the W light-emitting diode
22w is added to the above-mentioned white light. In this
illumination mode, since the color filter 26 of the liquid-
crystal panel 21 can be irradiated with light of ordinary
intensity, it is possible to extend an illumination time by
suppressing the increase of power consumption while high
color reproducibility is being maintained.
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[0109] Also, if the power supply is the AC power supply
as represented by a YES at the decision step S11, that is, if
the electronic device 40 is connected to an outlet and driven
at the indoor by electric power of a house-service power
supply, then control goes to the next step S15. In this step
S15, all of four kinds, in total, of RGBW light-emitting
diodes 22r, 22g, 225 and 22w of the RGB light-emitting
diodes 22r, 22g and 2256 and the W light-emitting diode 22w
are energized (for example, the state shown in FIG. 12A).
As a consequence, the W light-emitting diode 22w and the
RGB light-emitting diodes 227, 22g and 225 are energized to
emit lights of white, red, green and blue at the same time and
white lights generated when they are energized at the same
time are superimposed upon each other, thereby resulting in
illumination of extremely large intensity. Accordingly, the
color filter 26 of the liquid-crystal panel 21 can be irradiated
with illumination light of extremely large intensity and
hence display with high color reproducibility and of which
color is clear can be realized. Then, control is ended.

[0110] The flowchart of FIG. 15 shows the example of the
manner in which the light source of the backlight 22 is
controlled based on the detected value from the illuminance
detection sensor.

[0111] Referring to FIG. 10, and the following the start of
operation, it is determined at the next decision step S21 by
the control unit 41 whether or not ambient illuminance of the
liquid-crystal display apparatus 20 is higher than a first
predetermined value L1 which becomes a first reference
value. In this decision, it is determined based on the ambient
illuminance of the liquid-crystal display apparatus 20
attached to the electronic device 40 whether the electronic
device 40 is in use in the bright place such as outdoor or the
electronic device 40 is in use in the dark place such as
indoor. Based on the detected results of the ambient illumi-
nance, the intensity of the light on the backlight 22 may be
controlled in response to the situations under which the
electronic device 40 is placed.

[0112] Inthe decision of this decision step S21, to be more
concrete, the value of the luminance detection signal
detected by the luminance sensor 44 and the value of the
white balance detection signal detected by the white balance
sensor 45 are compared with the previously-set first prede-
termined value L1 which is stored in a suitable storage
means such as the memory 43, and it is determined whether
or not at least one of the two detected values is higher than
the first predetermined value L1. In this case, if the elec-
tronic device 40 is placed in the relatively dark place such
as the indoor, then it is determined that the value of the
detected illuminance is lower than the first predetermined
value L1. Conversely, if the electronic device 40 is placed in
the relatively bright place such as the outdoor, then it is
determined that the value of the detected illuminance is
higher than the first predetermined value L1.

[0113] Ifitis determined at the decision step S21 based on
the compared result by the control unit 41 that the value of
the detected illuminance is higher than the first predeter-
mined value L1 (as represented by a YES), that is, if the
electronic device 40 is placed in the bright place, then
control goes to the next decision step S22, whereat the above
detected value is compared with a second predetermined
value L2 which is a second reference value. In the decision
at this step S22, it is determined whether the display screen
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of the liquid-crystal display apparatus 20 should be made
brighter in the relatively bright place such as the outdoor or
the display screen of the liquid-crystal display apparatus 20
should be kept dark.

[0114] Ifitis determined at the decision step S22 based on
the compared result by the control unit 41 that the detected
value is lower than the second predetermined value [.2 (as
represented by a NO), then control goes to the next step S23,
whereat the W light-emitting diode 22w serving as the first
light source is energized (for example, the state shown in
FIG. 12C). At that time, in the state of the step S23, since
only the W light-emitting diode 22w is energized, the
backlight 22 can be driven at small power consumption for
a long period of time while a certain degree of intensity of
illuminance is being maintained. The manner in which such
illumination is used is effective for the case in which the
electronic device 40 is in use at the outdoor with full of
natural light of which intensity is extremely large. Then,
control is ended.

[0115] If on the other hand the detected value is higher
than the second predetermined value L2 as represented by a
YES at the decision step S22, then control goes to the next
step S24, whereat all of four kinds, in total, of the RGBW
light-emitting diodes 22r, 22g, 225 and 22w of the RGB
light-emitting diodes 227, 22g and 225 and the W light-
emitting diode 22w are energized (for example, the state
shown in FIG. 12A). As a consequence, the W light-
emitting diode 22w and the RGB light-emitting diodes 227,
22g and 225 are energized to emit lights of white, red, green
and blue at the same time and white lights generated when
they are energized at the same time are superimposed upon
each other, thereby resulting in illumination of extremely
large intensity. Accordingly, the color filter 26 of the liquid-
crystal panel 21 can be irradiated with illumination light of
extremely large intensity and hence display with high color
reproducibility and of which color is clear can be realized.

[0116] Ifon the other hand the detected value is lower than
the first predetermined value L1 as represented by a NO at
the decision step S21, then control goes to the next step S25,
whereat the three kinds of the RGB light-emitting diodes
22r,22g and 225 are energized (for example, the state shown
in FIG. 12B). As a result, of the second light source, only the
RGB light-emitting diodes 227, 22g and 225 of the three
kinds are energized to generate illumination of large inten-
sity. This illumination becomes slightly darker than illumi-
nation of extremely large intensity obtained when light of
white generated by energizing the W light-emitting diode
22w is added to the above-mentioned white light. In this
illumination mode, since the color filter 26 of the liquid-
crystal panel 21 can be irradiated with light of ordinary
intensity, it is possible to extend an illumination time by
suppressing the increase of power consumption while high
color reproducibility is being maintained. Then, control is
ended.

[0117] FIG. 16 shows the second embodiment of the
liquid-crystal display apparatus according to the present
invention. A liquid-crystal display apparatus 80 is different
from the liquid-crystal display apparatus 20 according to the
above-described embodiment only in a backlight 82 that
serves as a backlight light source. Accordingly, only the
arrangement of the backlight 82 will be described. In FIG.
16, elements and parts identical to those of the preceding
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embodiment are denoted by identical references numerals
and therefore need not be described.

[0118] As shown in FIG. 16, the backlight 82 is composed
of a first light source for irradiating first white light W1 to
the liquid-crystal panel 21 and a second light source for
irradiating second white light W2, different from the first
white light W1, to the liquid-crystal panel 21. The first light
source is a first white light-emitting body 824 (W1) for
emitting the first white light W1. The first white light-
emitting body 82a can be constructed by a combination of
a blue light-emitting diode and a yellow fluorescent mate-
rial. Specifically, the first white light-emitting body 82a has
an arrangement shown in FIG. 18A and it includes a B
light-emitting diode 83 for emitting light of blue (B) and a
yellow fluorescent material 84, located on the front surface
of the light-emitting portion of this B light-emitting diode 83
and which emits light of white with irradiation of blue light
(B) radiated from the light-emitting portion.

[0119] The circumference of the light-emitting portion of
the B light-emitting diode 83 is covered with the yellow
fluorescent material 84 and a reflection layer 84 for reflect-
ing light is attached to the back surface of the yellow
fluorescent material 84. The reflection layer 86 is shaped like
a curved surface, which can reflect light efficiently, such as
a spherical surface or a light-receiving surface of a parabolic
antenna. This reflection layer 86 is held by a base member
87 of which plane shape is substantially square. The B
light-emitting diode 83 is located at approximately the
central portion of this base member 87 and the above-
mentioned elements and members are integrally formed as
one body to thereby construct the first white light-emitting
body 82a.

[0120] The second light source is a second white light-
emitting body 8254 (W2) for emitting second white light W2
and it can be constructed by a combination of a single color
light-emitting diode and a mixed fluorescent material. The
second white light-emitting body 8254 can be constructed by
a single color light-emitting diode for emitting light of
arbitrary single color and a mixed fluorescent material
located on the front surface of the light-emitting portion of
the single color light-emitting diode and which is formed by
mixing more than two fluorescent materials which can emit
white light with irradiation of single color light radiated
from the light-emitting portion.

[0121] The following combinations, for example, can be
applied to the combination of the single color light-emitting
diode and the mixed fluorescent material. When a blue
light-emitting diode is used as the single color light-emitting
diode, a red/green mixed fluorescent material, made by
mixing a red fluorescent material and a green fluorescent
material, can be applied to the above combination. When a
red light-emitting diode is used as the single color light-
emitting diode, a green/blue mixed fluorescent material,
made by mixing a green fluorescent material and a blue
fluorescent material, can be applied to the above combina-
tion. When a green light-emitting diode is used as the single
color light-emitting diode, a red/blue mixed fluorescent
material, made by mixing the red fluorescent material and
the blue fluorescent material, can be applied to the above
combination.

[0122] Also, a three-color mixed fluorescent material can
be constructed by mixing fluorescent materials of three
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colors. For example, while the blue light-emitting diode is
used as the single color light-emitting diode, a red/green/
magenta mixed fluorescent material, made by mixing a red
fluorescent material, a green fluorescent material and a
magenta fluorescent material, can be applied to the above
three-color mixed fluorescent material. Further, the combi-
nation of the single color light-emitting diode and the mixed
fluorescent material is not limited to these embodiments and
it is needless to say that any combination of the single color
light-emitting diode and the mixed fluorescent material can
be applied to the present invention insofar as it can be
colored white with irradiation of light from the light-emit-
ting diode. It is needless to say that a mixed color fluorescent
material can be formed by mixing fluorescent materials of
more than four colors.

[0123] The second white light-emitting body 826 has an
arrangement shown in FIG. 18B. The second white light-
emitting body 826 shown in FIG. 18B shows a specific
example of the second white light-emitting body and it
includes a B light-emitting diode 83 for emitting light of
blue (B) and a red/green mixed fluorescent material 85
which can be colored white with irradiation of the blue light
(B) radiated from this B light-emitting diode 83. The cir-
cumference of the light-emitting portion of the B light-
emitting diode 83 is covered with the red/green mixed
fluorescent material 85 and the reflection layer 86 is attached
to the back surface of the red/green mixed fluorescent
material 85. The reflection layer 86 is shaped like a curved
surface, which can reflect light efficiently, such as a spherical
surface or a light-receiving surface of a parabolic antenna.
This reflection layer 86 is held by the base member 87 of
which plane shape is substantially square. The B light-
emitting diode 83 is located at approximately the central
portion of this base member 87 and the above-mentioned
elements and members are integrally formed as one body to
thereby construct the second white light-emitting body 824.

[0124] FIGS. 19A, 19B and 19C show the embodiments
of the manners in which the first white light-emitting body
(first light source) 82a having the aforementioned arrange-
ment and the second white light-emitting body (second light
source) 825 having the aforementioned arrangement are
located, respectively. It is needless to say that, in these
embodiments, a ratio between the number of the white
light-emitting body 82a and the number of the second white
light-emitting body 825, arrangements thereof and the like
may not be limited to those of the following embodiments.
Further, similarly to the above-described embodiments, a
liquid-crystal display apparatus that is combined with the
backlight is not limited to the active matrix and it can
include a simple matrix and other types of matrix. Similarly,
the layout of the backlight may be a side arrangement system
and the direct arrangement system and other arrangement
systems can be applied to the layout of the backlight. Then,
the settings (y correction, correction of colors, etc.) which
should be required when a viewer intends to make a desired
image on the liquid-crystal display panel 20 can also be
switched in synchronism with the mode switching of the
backlight 22.

[0125] FIG. 19A shows the embodiment in which first
white light-emitting bodies 82a and the second white light-
emitting bodies 824 are alternately located to construct the
backlight. In the case of the embodiment shown in FIG.
19A, since the first white light-emitting bodies 82¢ and the
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second white light-emitting bodies 825 are used at the same
ratio, although color reproducibility (image quality) of light
emitted from the second white light-emitting body 825 is
slightly lowered, visibility (luminance) by which the viewer
can watch the image at the outdoor under light emitted from
the first white light-emitting body 82a can be increased and
power consumption can be alleviated.

[0126] FIG. 19B shows the embodiment in which the first
white light-emitting bodies 82a and the second white light-
emitting bodies 825 are repeatedly located at the ratio of 1:2
to construct the backlight. In the case of this embodiment,
since the number of the second white light-emitting bodies
82b 1s twice as large as that of the first white light-emitting
bodies 82a, color reproducibility (image quality) of light
emitted from the second white light-emitting body 825 can
be improved. On the other hand, it is unavoidable that
electric power consumed by the second white light-emitting
body 825 is increased a little.

[0127] FIG. 19C shows the embodiment in which the
ratio between the first white light-emitting bodies 82a and
the second white light-emitting bodies 825 is set to 1:3,
thereby resulting in the ratio of the second white light-
emitting bodies 825 being increased more. In the case of this
embodiment, since the number of the second white light-
emitting bodies 825 is three times as large as that of the first
white light-emitting bodies 82a, color reproducibility
(image quality) can be improved more. On the other hand,
it is unavoidable that power consumption is increased. The
first white light-emitting bodies 82a and the second white
light-emitting bodies 825 are located on the same straight
line or on the same plane.

[0128] FIGS. 20A, 20B and 20C show embodiments of
lighting modes (energized mode and de-energized mode) of
the backlight light source having the above-mentioned
arrangement, respectively. FIG. 20A shows the embodiment
of the state in which all of the first white light-emitting
bodies 82a and the second white light-emitting bodies 825
are energized at the same time. In this case, the first white
light W1 and the second white light W2 are radiated from
both of the first white light-emitting body 82a and the
second white light-emitting body 82b. According to this
energizing mode, since all of the first white light-emitting
bodies 82a and the second white light-emitting bodies 826
become white light sources to emit white light, luminance of
the backlight light source serving as the backlight can be
increased to the maximum and the whole of the backlight
can exhibit the brightest illumination function. This ener-
gizing mode is suitable for the case in which the liquid-
crystal display apparatus is in use in the brightest state at the
indoor, for example.

[0129] FIG. 20B shows the embodiment of the state in
which all of the white light-emitting bodies 82a” are de-
energized, while all of the second white light-emitting
bodies 825 are energized. In this case, the second white light
W2“formed of white lights from only the second white
light-emitting bodies 825 is radiated from the backlight.
According to this energizing mode, the backlight can exhibit
the illumination function to reproduce clear colors while
color reproduction done by the second white light W2 from
the second white light-emitting body 825 is being regarded
as being important. This energizing mode is suitable for the
case in which the liquid-crystal display apparatus is in use in
the dim state at the indoor, for example.
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[0130] FIG. 20C shows the embodiment of the state in
which all of the second white light-emitting bodies 825 are
de-energized, while all of the first white light-emitting
bodies 82a are energized. In this case, the first white light
W1 formed of white lights from only the first white light-
emitting bodies 82a is radiated from the backlight. Accord-
ing to this energizing mode, the backlight can exhibit the
illumination function with small power consumption while
luminance (or electric power) of the first white light W1 of
the first white light-emitting body 82« is being regarded as
being important. This energizing mode is suitable for the
case in which the liquid-crystal display panel is in use at the
outdoor, for example.

[0131] As described above, the energizing modes of the
first white light-emitting body 82a and the second white
light-emitting body 82b are switched in response to the
environments under which this liquid-crystal display appa-
ratus is in use. That is, when a large color reproduction range
is maintained, the second white light-emitting bodies 824
are energized. Also, when luminance is increased, it is
possible to realize high image quality (wide color reproduc-
tion range) and high outdoor visibility in response to mobile
environments by energizing the first white light-emitting
bodies 82a (second white light-emitting bodies 826 may be
added, if necessary).

[0132] The arrangement of the liquid-crystal panel 21 to
which light is irradiated from the backlight 82 having the
above-mentioned arrangement is similar to that shown in
FIG. 6. As shown in FIG. 16, the liquid-crystal panel 21 is
composed of the first sheet polarizer 23, the first substrate
24, the liquid-crystal panel 25, the color filter 26, the second
substrate 27 and the second sheet polarizer 28 located, in
that order, from the side of the backlight 82.

[0133] FIG. 12 shows the embodiment of an electric
circuit using the above-mentioned first and second white
light-emitting bodies 82a and 825 as a light source thereof.
A power supply circuit 81 shown in FIG. 17 includes a
plurality of first white light-emitting bodies 82¢ and a
plurality of second white light-emitting bodies 825 individu-
ally connected in series. As shown in FIG. 17, the power
supply circuit 81 includes a make and break switch 88 (SWa
and SWb) which can separately open and close a power
supply circuit of the first white light-emitting bodies 82«
connected in series and a power supply circuit of the second
white light-emitting diode 825 similarly connected in series.
By controlling open and close operations of this make and
break switch 88, it is possible to properly control the
energizing modes in such a manner as to separately energize
the first white light-emitting bodies 82 and the second white
light-emitting bodies 824 or to energize both of the first
white light-emitting bodies 82a and the second, white light-
emitting bodies 825 at the same time.

[0134] Flowcharts shown in FIGS. 21,22 and 23 illustrate
a second embodiment of the manner in which the backlight
82 is controlled by the control unit 41 of the electronic
device 40 including the power supply circuit 81. Similarly to
the above-described embodiment, the control unit 41 is
supplied with the luminance detection signal from the lumi-
nance sensor 44, the white balance detection signal from the
white balance sensor 45, a correction signal and a video
signal from the camera and hence the control unit 41
executes a predetermined calculation processing based on
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these signals. Then, the control unit 41 outputs a control
signal to the LED driving unit 47 in response to the
calculated result to control the first white light-emitting body
824 and the second white light-emitting body 825. Concur-
rently with this control operation of lighting, the control unit
41 outputs a control signal through the video signal pro-
cessing unit 42 to the liquid-crystal driving unit 46 to control
the liquid-crystal panel 21 so that a predetermined picture is
displayed on the liquid-crystal panel 21. However, it is
needless to say that the second embodiment of the present
invention is not limited to the examples of the control
operations shown in FIGS. 21, 22 and 23.

[0135] The flowchart shown in FIG. 21 shows the
example of the manner in which the backlight 82 is con-
trolled while image quality of an image is regarded as being
important.

[0136] Referring to FIG. 21, and following the start of
operation, control goes to a step S31, whereat the image
mode is set to the normal mode. That is, the image quality
of the image is set to the reference image mode that is
previously stored in the memory apparatus 43. Then, control
goes to the next step S32, whereat the first white light-
emitting body 824 serving as the first light source is ener-
gized (for example, the state shown in FIG. 20C). In this
state, since only the first white light-emitting body 82a is
energized, the backlight 22 can be driven while illumination
of a certain degree of illuminance is being maintained by the
first white light W1. The manner in which illumination is
used as described above is effective for the case in which the
electronic device 40 is in use at the outdoor.

[0137] Then, control goes to the next decision step S33,
whereat it is determined whether or not the image quality
mode is switched to the high image quality mode. This
decision may be carried out by checking whether or not the
changeover switch, which switches the image quality mode
to the high image quality mode or to the normal image
quality mode, is changed-over. If the image quality mode is
not switched to the high image quality mode as represented
by a NO at the decision step S33, then control is ended. If
on the other hand the image quality mode is switched to the
high image quality mode as represented by a YES at the
decision step S33, then control goes to the next step S34.

[0138] Atthe step S34, the image quality mode is switched
to the high image quality mode. Then, control goes to the
next step S35. In this step S35, the second white light-
emitting body 825 serving as the second light source is
energized (for example, the state shown in FIG. 20A). In the
state shown at the step S35, the second white light W2
generated from the second white light-emitting body 825 is
added to the first white light W1 generated from the first
white light-emitting body 82a that was already energized. As
a consequence, the two kinds, of the light sources are
energized at the same time and white lights from the two
light sources are superimposed upon each other to generate
illumination of extremely high intensity. Therefore, since the
color filter 26 of the liquid-crystal panel 21 can be irradiated
with illumination of light of extremely high intensity, color
reproducibility can be improved and hence predetermined
colors can be displayed clearly. Then, control is ended.

[0139] The flowchart shown in FIG. 22 shows the
example of the manner in which the backlight 82 is con-
trolled based on the kind of the power source.
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[0140] Referring to FIG. 22, and following the start of
operation, it is determined at the next decision step S41
whether or not the power supply of the electronic device 40
is the AC power supply. That is, in this decision at the step
S41, it is determined whether the electronic device 40 is in
use at home in which the electronic device 40 can be driven
by sufficient electric power or the electronic device 40 is
driven at the outdoor by electric power from the portable
power supply. If the power supply is not the AC power
supply, that is, if the electronic device 40 is driven at the
outdoor by electric power from the portable power supply as
represented by a NO at the decision step S41, then control
goes to the next decision step S42.

[0141] Ttis determined at the decision step S42 whether or
not the image quality mode is the high image quality mode.
That 1s, in the decision at this step S42, the backlight 82 is
switched to the first light source or to the second light source
based on good or bad of the image quality. If the image
quality mode is not the high image quality mode as repre-
sented by a NO at the decision step S42, then control goes
to the next step S43, whereat the first white light-emitting
body 82a serving as the first light source is energized (for
example, the state shown in FIG. 20C). At that time, in the
state shown at the step S43, since only the first white
light-emitting body 92« is energized, the backlight 82 can be
operated with small power consumption for a long time
period while illumination of a certain degree of intensity is
being maintained by the first white light W1. The manner in
which illumination is used as described above is effective for
the case in which the electronic device 40 is in use at the
outdoor under natural light with extremely large intensity.
Then, control is ended.

[0142] 1If on the other hand the image quality mode is the
high image quality mode as represented by a YES at the
decision step S42, then control goes to the next step S44,
whereat the second white light-emitting body 824 serving as
the second light source is energized (for example, the state
shown in FIG. 20B). In the state shown at the step S44, since
only the second white light-emitting diode 824 is energized,
although illumination of large intensity is obtained by the
second white light W2, this illumination obtained by the
second white light W2 becomes a little darker as compared
with illumination of extremely large intensity obtained when
white light generated by energizing the first white light-
emitting body 824 is added to the second white light W2. In
this illumination mode, since the color filter 26 of the
liquid-crystal panel 21 can be irradiated with light of ordi-
nary intensity, an illumination time can be extended by
suppressing the increase of power consumption while high
color reproducibility is being maintained. Then, control is
ended.

[0143] Also, if the power supply is the AC power supply
as represented by a YES at the decision step S41, that is, if
the electronic device 40 is connected to the outlet at the
indoor and it is driven by electric power from the home
power supply, then control goes to the next decision step
S45. At this step S45, all of the first white light-emitting
bodies 82a and the second white light-emitting bodies 824
are energized at the same time (for example, the state shown
in FIG. 20A). As a consequence, since the first white
light-emitting bodies 82a and the second white light-emit-
ting bodies 824 are energized at the same time, white lights
generated by the first white light W1 and the second white
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light W2 are superimposed upon each other to generate
illumination of extremely large intensity. Consequently, the
color filter 26 of the liquid-crystal panel 21 can be irradiated
with illumination light of extremely large intensity and
hence display with high color reproducibility and of which
colors are clear can be realized. Then, control is ended.

[0144] The flowchart shown in FIG. 23 shows the
example of the manner in which the backlight 82 is con-
trolled based on detected values of the sensor which detect
illuminance.

[0145] Referring to FIG. 23, and following the start of
operation, control goes to the next decision step S51,
whereat it is determined whether or not ambient illuminance
of the liquid-crystal display apparatus 20 is higher than a
first predetermined value L1 which becomes a first reference
value. Specifically, it is determined based on the ambient
illuminance of the liquid-crystal display apparatus 20
attached to the electronic device 40 whether the electronic
device 40 is in use in the bright place such as the outdoor or
the electronic device 40 is in use in the dark place such as
the indoor. Then, illumination of the backlight 82 may be
controlled based on the detected results of illuminance in
response to the situations under which the electronic device
40 is placed.

[0146] The decision at this step S51 will be described
more concretely. That is, at the decision step S51, the value
of the luminance detection signal detected by the luminance
sensor 44 and the value of the white balance detection signal
detected by the white balance sensor 45 are compared with
the first predetermined value L1 previously set and which is
stored in a suitable memory means such as the memory 43.
Then, it is determined whether or not at least one of the two
detected values of the luminance detection signal and the
white balance detection signal is higher than the first pre-
determined value L1. In this case, if the electronic device 40
exits in the relatively dark place such as the indoor, then it
is determined that the value of the detected illuminance is
lower than the predetermined value L1. Conversely, if the
electronic device 40 exists in then relatively bright place
such as the outdoor, then it is determined that the value of
the detected illuminance is higher than the first predeter-
mined value L1.

[0147] 1If the value of the detected illuminance is higher
than the first predetermined value L1 as represented by a
YES at the decision step S51, then control goes to the next
decision step S52. At the decision step S52, the detected
value is compared with a second predetermined value L2
which is a second reference value. To be more concrete, it
is determined at the decision step S52 whether the display
screen of the liquid-crystal display apparatus 20 should be
made brighter in the relatively bright place such as the
outdoor or the display screen of the liquid-crystal display
apparatus 20 should remain dark in the relatively bright
place such as the outdoor.

[0148] If the detected value is lower than the second
predetermined value L2 as represented by a NO at the
decision step S52, then control goes to the next step S53,
whereat the first white light-emitting bodies 82a serving as
the first light source are energized (for example, the state
shown in FIG. 20C). At that time, in the state shown at the
step S53, since only the first white light-emitting bodies 82a
are energized, the backlight 82 can be driven with small
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power consumption for a long time period while illumina-
tion of a certain degree of intensity generated by the first
white light W1 is being maintained. The manner in which
illumination is used as described above is effective for the
case in which the electronic device 40 is in use at the outdoor
under natural light of extremely large intensity. Then, con-
trol is ended.

[0149] If on the other hand the detected value is higher
than the second predetermined value L2 as represented by a
YES at the decision step S52, then control goes to the next
step S54, whereat all of the first white light-emitting bodies
82a and the second white light-emitting bodies 825 serving
as the second light source are energized (for example, the
state shown in FIG. 20A). As a result, since the first white
light-emitting bodies 82a and the second white light-emit-
ting bodies 826 are energized at the same time, white lights
generated by the white light W1 and the second white light
W2 are superimposed upon each other to generate illumi-
nation of extremely large intensity. As a consequence, the
color filter 26 of the liquid-crystal panel 21 can be irradiated
with illumination light of extremely large, intensity and
hence display with high color reproducibility and of which
colors are bright and clear can be realized. Then, control is
ended.

[0150] Also, if the detected value is lower than the first
predetermined value L1 as represented by a NO at the
decision step S51, then control goes to the next decision step
S55, whereat the second white light-emitting bodies 825 are
energized (for example, the state shown in FIG. 20B). As a
result, since only the second white light-emitting bodies 824
are energized, although bright illumination is obtained by
the second white light W2, the above illumination becomes
a little dark as compared with illumination of extremely
large intensity obtained when white light generated by
energizing the first white light-emitting bodies 82a is added
to the second white light W2. In this illumination mode,
since the color filter 26 of the liquid-crystal panel 21 can be
irradiated with light of ordinary intensity, it is possible to
extend an illumination, time by suppressing the increase of
power consumption while high color reproducibility is being
maintained.

[0151] FIGS. 24 and 25 are respectively perspective view
showing specific examples of electronic devices that can use
the liquid-crystal display apparatus 20 having the above-
mentioned arrangement and which can achieve the above-
mentioned actions and effects. FIG. 24 shows the specific
example in which the electronic device according to the
present invention is applied to an image pickup apparatus
such as a video camera. An image pickup apparatus, gen-
erally depicted by reference numeral 60 in FIG. 24, includes
a camera body 61, the liquid-crystal display apparatus 20
attached to the camera body 61 so as to become freely
rotatable and the like.

[0152] As shown in FIG. 24, the camera body 61 is
formed of a hollow casing shaped like substantially a
rectangular prism. The camera body 61 houses in its inside
a lens apparatus capable of shooting an object, a recording
apparatus (for example, a disc drive apparatus, a tape drive
apparatus, etc.) capable of recording images obtained by the
lens apparatus, a control apparatus for controlling driving of
these lens apparatus and the recording apparatus and the
like. This camera body 61 has attached thereto two kinds of
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display apparatus of an electronic viewfinder 62 and the
liquid-crystal display apparatus 20, each of which can dis-
play images of an object. The electronic viewfinder 62 is
attached to the upper portion of the camera body 61 so as to
become freely rotatable. That is, the electronic viewfinder 62
can raise its rear side in the upper direction around its front
side.

[0153] Further, as shown in FIG. 24, the liquid-crystal
display apparatus 20 is rotatably attached to one side surface
of the camera body 61 by a biaxial rotation mechanism 63.
The liquid-crystal display apparatus 20 is stored in a flat
cover member 64 which is opened to one surface. The cover
member 64 is supported to the camera body 61 by a first
rotary shaft portion of the biaxial rotation mechanism 63
such that the cover member 64 can be rotated freely. The first
rotary shaft portion is joined to a second rotary portion so as
to become freely rotatable, and the second rotary shaft
portion is rotatably supported to the camera body 61. Owing
to the functions of this biaxial rotation mechanism 63, as
shown in FIG. 24, the liquid-crystal display apparatus 20
can take any arbitrary attitudes, such as the state in which it
is faced to the side of the cameraman or the opposite state
in which it is faced to the side of the object, by suitable
operations such as to rotate the cover member 64.

[0154] FIG. 25 is a perspective view showing the specific
example in which the electronic device according to the
present invention is applied to a notebook type personal
computer (hereinafter simply referred to as a notebook PC”).

[0155] A notebook PC, generally depicted by reference
numeral 70 in FIG. 25, includes a personal computer body
71, the liquid-crystal display apparatus 20 rotatably attached
to the personal computer body 71 and the like.

[0156] As shown in FIG. 25, the personal computer body
71 is formed of a hollow casing shaped like substantially a
rectangular prism. The personal computer body 71 houses in
its inside a microcomputer, a storage device such as a RAM
(random-access memory) and a ROM (read-only memory),
a battery power supply and other devices. although not
shown. An operation key pad 72 having a large-number of
keys to enter information into the notebook PC 70 is
provided on the upper surface of the personal computer body
71. The liquid-crystal display apparatus 20 is rotatably
attached to the personal computer body 71 by hinge means
73 so as to freely open and close this operation key pad 72.
When the notebook PC 70 having the above-mentioned
arrangement is provided with the aforementioned liquid-
crystal display apparatus 20 according to the present inven-
tion, it becomes possible to realize switching of visibility of
the picture screen with high image quality (wide color
reproducing range) and high luminance in various environ-
ments such as the outdoor by switching the light sources in
response to the mobile environments.

[0157] Inthe first embodiment shown in FIG. 6, the value
of the y (gamma), for example, is 2.2 and luminance is 150
cd/m2. Also, in the second embodiment shown in FIG. 16,
the value of the y (gamma) can be switched to the two levels
such as the level ranging of from 1.0 to 1.5 and the level of
2.2. Thus, luminance can be switched to two levels of 300
cd/m2 and 150 cd/m2.

[0158] As described above, according to the present
invention, since the liquid-crystal display apparatus includes
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the liquid-crystal panel having the color filter, the first and
second light sources, the illuminance detecting means and
the light source control means so that the light-emitting
diodes to be energized are switched in response to the
environments under which the liquid-crystal display appa-
ratus is in use, it is possible to realize a wide color repro-
ducing range and high luminance by small electric power.
For example, in the relatively dark place such as the indoor,
the viewer becomes able to visually confirm the beautiful
display screen with illumination from the RGB light-emit-
ting diodes. On the other hand, in the bright place such as the
outdoor, the viewer becomes able to visually confirm the
display screen with only illumination from the W light-
emitting diode. Therefore, the viewer becomes able to
visually confirm the display screen of the liquid-crystal
display apparatus for a long time period and the liquid-
crystal display apparatus can be used while the light sources
are switched in response to a use.

[0159] As set forth above, the present invention is not
limited to the above-described embodiments. For example,
while the electronic device according to the present inven-
tion was applied to the image pickup apparatus (camcoder
(that is, camera+recorder), etc.) 60 and the notebook PC 70
as described above in the above-mentioned embodiments,
the present invention is not limited thereto and it is needless
1o say that the present invention can be applied to various
kinds of electronic devices using liquid-crystal display appa-
ratus as display apparatus thereof, such as a mobile phone,
a digital still camera, a PDA (personal digital assistant), a
portable small-sized television receiver, a car navigation
system and an electronic dictionary. As described above, the
present invention can be variously modified without depart-
ing from the gist thereof.

[0160] According to the liquid-crystal display apparatus
and the electronic device of the present invention, the
illuminance detecting means compares the ambient illumi-
nance of the liquid-crystal panel with the reference illumi-
nance, and the light source control means switches the first
and second light sources in response to the compared result
of the illuminance, whereby the first light source for emitting
white light is driven to decrease power consumption when a
viewer watches the liquid-crystal panel in the outdoor with
large illuminance or when a viewer watches the liquid-
crystal panel over a long period of time. Whereas, when a
user watches the liquid-crystal panel in the indoor with small
illuminance, the second light source for emitting more than
two lights containing white light is driven to widen a color
reproducing range. As a result, the viewer is able to visually
confirm clear and beautiful colors.

[0161] According to the present invention, it is possible to
realize the liquid-crystal display apparatus and the electronic
device in which the light source is switched in response to
the ambient illuminance of the liquid-crystal panel and the
two light sources are selectively used in response to a use so
that power consumption can be, decreased efficiently, a time
in, which the liquid-crystal display apparatus and the elec-
tronic device are driven in use can be extended, a color
image can be made clear if necessary, thus to make it
possible for the viewers to visually confirm beautiful pic-
tures.
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[0162] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

1. A liquid-crystal display apparatus comprising:
a liquid-crystal panel having a color filter,

a first light source for irradiating first white light to said
liquid-crystal panel;

a second light source for irradiating, second white light
different from the first white light to said liquid-crystal
panel;

illuminance detecting means for, detecting ambient illu-
minance of said liquid-crystal panel to output a
detected signal; and

light source control means for switching said first and
second light sources based on the detected signal from
said illuminance detecting means.

2. A liquid-crystal display apparatus according to claim 1,
wherein said second light source is composed of a combi-
nation of more than two light-emitting bodies which emit
lights of different colors, the combination being capable of
generating white light by combining lights radiated from all
light-emitting bodies.

3. A liquid-crystal display apparatus according to claim 1,
wherein said light source control means compares the illu-
minance detected value detected based on the detected
signal from said illuminance detecting means with a prede-
termined illuminance reference value, said light source
control means energizes said first light source if it is deter-
mined based on the compared result that said illuminance
detected value is larger than said illuminance reference
value and said light source control means energizes said
second light source if it is determined based on the compared
result that the illuminance detected value is smaller than said
illuminance reference value.

4. A liquid-crystal display apparatus according to claim 1,
wherein said illuminance detecting means includes at least
one of a luminance sensor and a white balance sensor.

5. An electronic device including a liquid-crystal display
device comprising a liquid-crystal panel having a color filter,
a first light source for irradiating first white light to the
liquid-crystal panel and a second light source for irradiating
second white light different from said first white light to said
liquid-crystal panel and a control apparatus for displaying
color image by controlling the state in which light is passed
through said liquid-crystal panel or light is reflected on said
liquid-crystal panel, said liquid-crystal display apparatus
comprising;

illuminance detecting means for detecting ambient illu-
minance of said liquid-crystal panel to output a
detected signal; and

light source control means for switching said first and
second light sources based on the detected signal from
said illuminance detecting means.
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