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A display device (1) of the present invention displays an
image by using an organic layer (9) which emits light having
such a wavelength that affects a biorhythm, and the display
device (1) controls a luminous intensity of the organic layer
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DISPLAY DEVICE
TECHNICAL FIELD

[0001] The present invention relates to a display device
designed in consideration of an effect of light on a bio-
rhythm.

BACKGROUND ART

[0002] A living organism has in its body a clock mecha-
nism which is known to regulate periodic phenomena
regarding vital functions. Known as one of the periodic
phenomena is the circadian rhythm, ie., a rhythm that
occurs over a 24-to-25-hour cycle (“A chronobiological
understanding of characteristics of a biological system
through modeling”, Journal of the Society of Instrument and
Control Engineering, Vol. 41, No. 10, October 2002). Typi-
cal examples of the circadian rhythm are sleeping, awaken-
ing, body temperature change. Examples of main factors
which synchronize each of these rhythms with a 24-hour or
one-day cycle are social factors and light environments.

[0003] In the modern world, people spend more time
indoors, and more of them stay up late thanks to the
development of lighting, resulting in a light environment
where there is no big difference in brightness between day
and night. This may put a biorhythm out of synchronization
with a 24-hour cycle, thereby causing health problems such
as sleep disorders. For healthy and comfortable living, an
organism’s biorhythm needs to be in phase with time in the
organism’s surrounding environment, and large amplitude
needs to be ensured. Various methods have been proposed to
regulate a biorhythm.

[0004] For example, a “biorhythm regulation device” dis-
closed in Japanese Unexamined Patent Publication No.
3920/1993 (Tokukaihei 5-3920; published on Jan. 14, 1993)
regulates a subject’s biorhythm by measuring and evaluating
the subject’s biorhythm based on the subject’s deep body
temperature such as the subject’s rectal temperature and by
accordingly giving the subject a stimulus such as light. FIG.
22 shows a concrete arrangement of the biorhythm regula-
tion device. As shown in FIG. 22, the biorhythm regulation
device is arranged so as to include: biorhythmic curve
measurement means for measuring an organism’s bio-
rhythm; biorhythmic curve evaluation means for evaluating
the organism’s biorhythm in comparison with an ideal
biorhythm; and a biorhythm regulation device for regulating
the organism’s biorhythm.

[0005] Further, a “lighting control method and a lighting
system” disclosed in Japanese Unexamined Patent Publica-
tion No. 294387/2000 (Tokukai 2000-294387; published on
Oct. 20, 2000) include a light having a low color temperature
and a light having a high color temperature. The lights are
switched or simultaneously turned on in accordance with a
period of time such as day or night. Furthermore, an “awak-
ening device” disclosed in Japanese Unexamined Patent
Publication No. 318670/1995 (Tokukaihei 7-318670; pub-
lished on Dec. 8, 1995) includes at least three light-produc-
ing means respectively having a low illumination intensity,
a middle illumination intensity, and a high illumination
intensity. The awakening device produces a gradual increase
in illumination intensity as a waking time approaches.

[0006] Further, the rhythm of sleeping and awakening is
deeply related to melatonin secretion, and melatonin secre-
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tion is suppressed during awakening. Furthermore, light has
an effect on melatonin secretion. That is, a suppressive effect
of light having wavelengths of 440 nm to 600 nm on
melatonin was studied to find that light having a wavelength
of approximately 470 nm in particular has the highest
suppressive effect on melatonin (“Action Spectrum for
Melatonin Regulation in Humans: Evidence for a Novel
Circadian Photoreceptor”, The Journal of Neuroscience,
Aug. 15, 2001). This finding is employed by a “photothera-
peutic instrument” disclosed in Japanese Unexamined
Patent Publication No. 302276/1990 (Tokukaihei 2-302276;
published on Dec. 14, 1990).

[0007] Thus, various biorhythm regulation devices have
been proposed, but the conventional proposals relate to an
indoor lighting device and have given little thought to a
display device such as a display. However, because a human
being obtains mostly by sight information regarding light,
light emitted from the display device also has an effect on
the human being’s biorhythm.

[0008] Particularly, as computers become widespread,
people nowadays spend more time working with displays.
Moreover, because a user is close to a display while working
with such a VDT (Video Display Terminal), the user’s eyes
receive a large amount of light. This means that the light of
the display has a stronger effect on the user’s biorhythm than
the light of the lighting device.

[0009] Further, light emitted from light sources of display
devices in general including televisions is different from
indirect light such as light emitted from lighting devices,
because such light emitted from light sources is viewed
directly by a user, and therefore the light has a more
profound effect on the user’s biorhythm than the indirect

light.

[0010] Thus, in view of an effect of a display on a
biorhythm, the light of the display needs to be controlled.

DISCLOSURE OF INVENTION

[0011] The present invention has been made in view of the
foregoing problems and has as an object to provide a display
device capable of controlling a biorhythm.

[0012] In order to attain the foregoing object, a display
device of the present invention is a display device for
displaying an image based on light of a light emitter,
wherein: the light emitter emits light having such a wave-
length that affects a biorhythm, and an intensity of the light
having the wavelength is controlled, so that the biorhythm is
regulated and the image is displayed.

[0013] Further, in order to attain the foregoing object, a
display device of the present invention is a display device
including an image display section for displaying an image,
the image display section including pixels each of which has
a plurality of light emitters, wherein: the plurality of light
emitters include a first light emitter for emitting light having
such a wavelength that affects a biorhythm, and a charac-
teristic of a luminous intensity of the first light emitter with
respect to a video signal inputted into the image display
section is switched.

[0014] Further, in order to attain the foregoing object, a
display device of the present invention is a display device
irradiating an image display section, which is for displaying
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an image, with light from a light source so as to cause the
image display section to display the image, the display
device including: a plurality of light emitters which include
a first light emitter for emitting light having such a wave-
length that affects a biorhythm, a luminous intensity of the
first light emitter with respect to an video signal inputted into
the image display section being switched.

[0015] According to the foregoing arrangements, by con-
trolling an intensity of light having such a wavelength that
affects a biorhythm, the biorhythm can be regulated. Further,
by changing a luminous intensity of the first light emitter, an
intensity of light having such a wavelength that affects a
biorhythm can be controlled. This makes it possible to
regulate a biorhythm.

[0016] Particularly, because a display device is used in a
position closer to a user than is a lighting device, light from
the light emitter or the first light emitter is sent directly to the
user’s eyes, thereby greatly affecting the user’s biorhythm.
Further, a display device for displaying an image is more
frequently used than a lighting device.

[0017] Therefore, a luminous intensity of a light emitter of
a display device has a more profound effect on the user’s
biorhythm than does a luminous intensity of a lighting
device. According to the present invention, it is possible to
effectively regulate the user’s biorhythm.

[0018] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1(a) illustrates an arrangement of a display
device according to one embodiment of the present inven-
tion, and FIG. 1(b) is a cross-sectional view of an arrange-
ment of each cell of the display device illustrated in FIG.

1(a).

[0020] FIG. 2 shows a relationship between a dominant
wavelength of a light source and a spectrum locus.

[0021] FIG. 3 shows a relationship between a wavelength
regarding a biorhythm and an intensity of a suppressive
effect on melatonin.

[0022] FIG. 4 shows a relationship between an input video
signal value of an organic layer 9 and a luminous intensity
of the organic layer 9 in the display device of FIG. 1.

[0023] FIG. 5 illustrates an arrangement of a liquid crystal
display device according to another embodiment of the
present invention.

[0024] FIG. 6 shows a change on a chromaticity diagram
when a color balance of the liquid crystal display device of
FIG. 5 is changed.

[0025] FIG. 7 shows respective luminous intensities of
LEDs when a color temperature of reference white light of
the liquid crystal display device of FIG. 5 is set at 5000 K.

[0026] FIG. 8 shows respective luminous intensities of
LEDs when the color temperature of the reference white
light of the liquid crystal display device of FIG. 5 is set at
12000 K.
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[0027] FIG. 9 shows a relationship between an amount of
light of an LED 14 and an input image signal in the liquid
crystal display device of FIG. 5.

[0028] FIG. 10 illustrates an arrangement of a liquid
crystal display device according to a further embodiment of
the present invention.

[0029] FIG. 11 is a flow chart showing the steps of
controlling a luminous intensity of an LED in the liquid
crystal display device of FIG. 10.

[0030] FIG. 12 illustrates an arrangement of a liquid
crystal display device according to a further embodiment of
the present invention.

[0031] FIG. 13 is a diagram for explaining a complemen-
tary wavelength of an LED 14 in the liquid crystal display
device of FIG. 12.

[0032] FIG. 14 is a graph showing a relationship between
a luminous intensity of the LED 14 and a luminous intensity
of an LED 32 in the liquid crystal display devices of FIGS.
12 and 15.

[0033] FIG. 15 illustrates an arrangement of a liquid
crystal display device according to a further embodiment of
the present invention.

[0034] FIG. 16 is a cross-sectional view of an arrangement
of a pixel of a light-emitting display device serving as a
modification example of the liquid crystal display device of
FIG. 15.

[0035] FIG. 17 illustrates an arrangement of a liquid
crystal display device according to a further embodiment of
the present invention.

[0036] FIG. 18 illustrates an arrangement of a liquid
crystal display device according to a further embodiment of
the present invention.

[0037] FIG. 19 shows an emission spectrum of a cold
cathode fluorescent lamp 22 in the liquid crystal display
device of FIG. 18.

[0038] FIG. 20 shows a transmission characteristic of a
dielectric multilayer filter 72 in the liquid crystal display
device of FIG. 18.

[0039] FIG. 21 shows a transmission characteristic of a
dielectric multilayer filter 73 in the liquid crystal display
device of FIG. 18.

[0040] FIG. 22 is a diagram for explaining a conventional
biorhythm regulation device.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0041] A display device according to one embodiment of
the present invention will be described below with reference
to FIG. 1. As illustrated in FIG. 1(a), a display device 1 of
the present embodiment includes an organic EL (electrolu-
minescent) panel 2 (image display section) for displaying
information such as an image, control means 3 for control-
ling a current to be applied to each pixel of the organic EL.
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panel 2, and time output means 4 for outputting to the
control means 3 time information indicating the current
time.

[0042] The organic EL panel 2 includes a large number of
cells. As illustrated in FIG. 1(b), each of the cells includes
a glass substrate 5, an anode 6, an organic layer (second light
emitter) 7 for emitting red light, an organic layer (third light
emitter) 8 for emitting green light, an organic layer (first
light emitter) 9 for emitting light having a dominant wave-
length of approximately 464 nm, and a cathode 10.

[0043] The meaning of the term “dominant wavelength”
will be explained below. Suppose, as shown in FIG. 2, that
a straight line connecting a white point W to a chromaticity
point F intersects a spectrum locus at a point D, the white
point W having an x-y coordinate of (x, y)=(1/3, 1/3) in an
X-Y-Z color system, the color point F being a chromaticity
point of light emitted from a light emitter. A dominant
wavelength of the light emitter represented by the chroma-
ticity point F means a wavelength of a monochromatic
stimulus of light represented by the point D.

[0044] 1In FIG. 2, a heavy-line curve represents the spec-
trum locus, and points on the spectrum locus indicate the
wavelengths of the monochromatic stimulus. Further, the
white point W indicated herein serves as a reference to a
color of a light source.

[0045] According to the foregoing arrangement, the dis-
play device 1 includes as a single pixel each of the cells of
the organic EL panel 2 and performs color display by mixing
respective colors of light beams emitted from the organic
layers 7, 8, and 9.

[0046] Particularly, when the organic layer 9 is caused to
emit light, the organic layer 9 emits light having a dominant
wavelength of approximately 464 nm. This brings about a
suppressive effect on melatonin secretion in a user of the
display device 1, thereby awakening the user. The suppres-
sive effect on melatonin secretion will be described in detail
below.

[0047] FIG. 3 is a graph showing a relationship between
an emission wavelength and a suppressive effect on mela-
tonin. In FIG. 3, the horizontal axis represents the emission
wavelength, and the vertical axis represents an intensity of
the suppressive effect on melatonin.

[0048] As shown in FIG. 3, the suppressive effect on
melatonin is strong in a wavelength band corresponding to
blue. More specifically, the suppressive effect on melatonin
is strong in a wavelength range of 445 nm to 480 nm.
Therefore, by using the organic layer 9 as a light emitter
which has a dominant wavelength in this range, an effect of
awakening the user can be obtained easily.

[0049] Particularly, as shown in FIG. 3, light having a
wavelength of 464 nm has the strongest suppressive effect
on melatonin. Therefore, by using the organic layer 9 as a
light emitter whose light has a dominant wavelength of 464
nm, the effect of awakening the user can be obtained most
effectively. Of course, also by using the organic layer 9 as a
light emitter whose light is in a wavelength range of 445 nm
to 480 nm, the effect of awakening the user can be obtained
sufficiently.

[0050] The control means 3 illustrated in FIG. 1(a) brings
about this awakening effect in the following manner. When
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the current time is determined to be in the daytime based on
the time information obtained from the time output means 4
the control means 3 increases a current to be applied to the
organic layer 9 illustrated in FIG. 1(b) so as to heighten an
intensity of light emitted by the organic layer 9 based on an
input video signal. This increases the proportion of an
amount of light having a wavelength of 464 nm to the light
emitted by the organic layers 7 to 9. In this way, it becomes
possible to awaken the user.

[0051] Further, when the current time is determined to be
in the nighttime based on time information obtained from
the time output means 4 the control means 3 lowers an upper
limit of a current to be applied to the organic layer 9 so as
to lower an intensity of light emitted by the organic layer 9
based on an input video signal. This decreases the proportion
of' an amount of light having a wavelength of 464 nm to the
light emitted by the organic layers 7 to 9. In this way, it is
possible to reduce an effect of light emitted by the organic
EL panel 2 on a biorhythm.

[0052] The process by which the control means 3 thus
controls a luminous intensity of the organic layer 9 depend-
ing on whether the current time is in the daytime or
nighttime will be described more in detail with reference to
FIG. 4. FIG. 4 shows an emission characteristic of the
organic layer 9 with respect to an input video signal. In FIG.
4, the horizontal axis represents a blue video signal value,
and the vertical axis represents a luminous intensity.

[0053] 1In FIG. 4, the solid line A indicates a relationship
between a video signal value and a luminous intensity when
the organic layer 9 emits light without considering an effect
on a biorhythm.

[0054] During the daytime when the user should be awak-
ened, for example, the control means 3 is used to control the
luminous intensity of the organic layer 9 so that, as indicated
by the dotted line B in FIG. 4, a luminous intensity when the
video signal value reaches its maximum and a luminous
intensity when the video signal value reaches its minimum
are the same as those indicated by the solid line A. Further-
more, in a range in which the video signal value is at its
halftone level as indicated by the dotted line B in FIG. 4, the
control means 3 is used to control the luminous intensity of
the organic layer 9 so that the organic layer 9 emits light with
a higher luminous intensity than that indicated by the solid
line A.

[0055] By thus using the control means 3 to control the
luminous intensity of the organic layer 9, the proportion of
an amount of light having a wavelength of 464 nm to the
light emitted by the organic layers 7 to 9 is increased.
Therefore, it becomes possible to awaken the user.

[0056] Meanwhile, during the nighttime when the user
should not be awakened, for example, the luminous intensity
of the organic layer 9 in the range in which the video signal
value is at its halftone level is made lower than that indicated
by the solid line A, as indicated by the solid line C in FIG.
4. This decreases the proportion of an amount of light having
a wavelength of 464 nm to the light emitted by the organic
layers 7 to 9. Therefore, it is possible to reduce an effect of
light emitted by the organic EL panel 2 on a biorhythm.

[0057] In FIG. 4, the luminous intensity of the organic
layer 9 when the video signal value reaches its maximum is
always constant regardless of whether or not the organic
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layer 9 emits light in consideration of an effect on a
biorhythm. However, the luminous intensity does not need
to be set in such a manner.

[0058] For example, a setting may be such that the lumi-
nous intensity of the organic layer 9 when the video signal
value reaches its maximum is changed depending on
whether or not the organic layer 9 emits light in consider-
ation of an effect on a biorhythm, and the video signal value
and the luminous intensity are proportionate to each other in
the range in which the video signal value is at its halftone
and low-gradation levels. Thus, various characteristics of the
luminous intensity of the organic layer 9 can be adopted.

[0059] 1InFIG. 1, for the sake of ease of understanding, the
magnitude relations between the components are exagger-
ated in terms of size in order to facilitate the understanding,
and each of the components is not of actual size. Further, the
organic EL. panel 2 illustrated in FIG. 1(b) has a cell
structure in which the organic layers 7, 8, and 9 emit three
different colors, respectively. However, the organic EL panel
2 is not to be limited to this arrangement.

[0060] For example, the organic EL panel 2 may be
arranged such that an organic layer serving as a light emitter
emits monochromatic light, such as blue light, whose color
is converted by using a fluorescent material. Alternatively,
the organic EL panel 2 may be a color-filter type arranged
such that an organic layer serving as a light emitter emits
white light whose color is converted through filters into
three colors of red, green, and blue.

[0061] Further, the organic EL panel 2 may be arranged
such that the organic layers 7, 8, and 9 are replaced by
inorganic EL layers. Furthermore, the organic EL. panel 2
may be replaced by an LED display which uses LEDs
(light-emitting diodes) as a light emitter for emitting each
color.

[0062] The present embodiment is arranged such that the
luminous intensity of the organic layer 9 is changed by using
the time information outputted by the time output means 4.
However, the luminous intensity of the organic layer 9 may
be controlled in accordance with elapsed time information
and contents information. The elapsed time information
indicates time elapsed from the beginning of use of the
display device 1 to the present. The contents information
indicates what type of program is displayed based on a video
signal.

[0063] More specifically, when the luminous intensity of
the organic layer 9 is adjusted based on the elapsed time
information, the luminous intensity of the organic layer 9 is
set higher than usual by using the control means 3, so that
an awakening effect is brought about immediately after the
beginning of use of the display device 1. As time elapses, the
luminous intensity of the organic layer 9 is lowered by using
the control means 3.

[0064] On this account, immediately after the user begins
a task using the display device 1, e.g., a task of editing
characters displayed by the display device 1, the luminous
intensity of the organic layer 9 is set high, so that the user
is awakened. Consequently, efficiency of the user’s work can
be improved immediately after the user begins the task using
the display device 1, i.e., when the user tends to have trouble
concentrating on the task.
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[0065] Moreover, when some time has elapsed since the
beginning of the task using the display device 1, the user
concentrates on the task naturally, so that the efficiency of
the user’s work can be maintained without awakening the
user. Therefore, when the luminous intensity of the organic
layer 9 is lowered as time elapses, the display device 1
consumes less power.

[0066] Further, when a long time has elapsed since the
beginning of the task, the user loses concentration and
becomes sleepy, so that the efficiency of the user’s work
drops. Accordingly, when a given period of time has elapsed,
the luminous intensity of the organic layer 9 may be height-
ened again. As described above, there are various patterns of
using the elapsed time information.

[0067] Further, when the luminous intensity of the organic
layer 9 is adjusted based on the contents information, the
luminous intensity of the organic layer 9 may be heightened
by using the control means 3 so as to awaken the user, under
such conditions that it is determined, according to the
contents information, that the image displayed based on the
video signal is for example a movie. This makes it possible
to cause a movie displayed by the display device 1 to be
more impressive than when the luminous intensity of the
organic layer 9 is not heightened. It is also possible that the
user causes the display device 1 to memorize in advance by
what type of image the user desires to obtain an awakening
effect.

[0068] Further, the display device 1 may be provided with
measuring means (not shown) for measuring an ambient
luminance level, so that the luminous intensity of the organic
layer 9 is controlled by the control means 3 in accordance
with the luminance level measured by the measuring means.
For example, the luminous intensity of the organic layer 9 is
adjusted by using the control means 3 in the following
manner. That is, when the display device 1 is in a bright
environment, the luminous intensity of the organic layer 9 is
heightened so as to awaken the user. Meanwhile, when the
display device 1 is in a dark environment, the luminous
intensity of the organic layer 9 is lowered.

Second Embodiment

[0069] A display device according to another embodiment
of the present invention will be described below with
reference to FIGS. 5 to 9. As illustrated in FIG. 5, a liquid
crystal display device (display device) 11 of the present
embodiment includes a liquid crystal panel (image display
section) 12 for displaying information such as an image, an
optical waveguide plate 13, LEDs (first light emitters) 14
each of which emits light having a dominant wavelength of
approximately 464 nm, LEDs (second light emitters) 15
each of which emits red (R) light, and LEDs (third light
emitters) 16 each of which emits green (G) light.

[0070] Each of the LEDs 14, 15, and 16 serves as a light
emitter for the optical waveguide plate 13. The optical
waveguide plate 13 transmits, to the liquid crystal panel 12,
light emitted by the LEDs 14, 15, and 16.

[0071] Note that components having the same functions as
those described in the foregoing embodiment are given the
same reference numerals. In FIG. 5, for the sake of ease of
understanding, the magnitude relations between the compo-
nents are exaggerated in terms of size in order to facilitate
the understanding, and each of the components is not of
actual size.
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[0072] Further, the liquid crystal display device 11
includes: control means 17 for controlling respective lumi-
nous intensities of the LEDs 14, 15, and 16 serving as light
emitters; time output means 18 for outputting time informa-
tion; storage means 19 for storing a plurality of control
patterns of controlling the respective luminous intensities of
the LEDs 14, 15, and 16; and selection means 20 for
selecting a control pattern from among the plurality of
control patterns. The term “control pattern” here means
stored information which coordinates a luminous intensity
of an LED with time.

[0073] The steps of controlling a luminous intensity of
each of the light emitters will be described below. First,
during use of the liquid crystal display device 11, at least one
of the LED 14, the LED 15, and the LED 16 is turned on.
Then, by adjusting the respective luminous intensities of the
LEDs 14, 15, and 16, respective colors of light beams
emitted from the LEDs 14, 15, and 16 can be mixed in the
optical waveguide plate 13, so that white light is produced.

[0074] Moreover, when the white light serving as a refer-
ence is produced by mixing the respective light beams
emitted from the LEDs 14, 15, and 16 are mixed in the
optical waveguide plate 13, the luminous intensity of the
LED 14 is set as a reference value. Furthermore, the control
means 17 is used to heighten and lower the luminous
intensity of the LED 14 with respect to the luminous
intensity set at the reference value.

[0075] An example of the reference white light is a
daylight color which is commonly used as a reference color
in televisions, monitors, and other types of equipment and
which has a correlated color temperature of approximately
6500 K (Kelvin). This daylight color is called the CIE
(Commission Internationale 1’Eclarirage) standard illumi-
nant D65.

[0076] Further, examples of the reference white light are
the standard illuminant C, which has a correlated color
temperature of 6,774 K, the complementary standard illu-
minant D50, which has a correlated color temperature of
approximately 5000 K; and other light beams having various
correlated color temperatures.

[0077] In the present embodiment, the reference white
light is set at a color temperature of 8500 K, and the
respective luminous intensities of the LEDs 14, 15, and 16
are set so that white light having that color temperature is
produced within the optical waveguide plate 13.

[0078] Furthermore, the selection means 20 refers to the
storage means 19 so as to determine a control pattern of
controlling a light emitter. The storage means 19 stores a
plurality of control patterns of controlling the light emitter.
One of the control patterns is a pattern in which the LED 14
emits intense light during the early morning hours when a
user usually has just woken up and during the after-lunch
hours when the user tends to become sleepy. Another one of
the control patterns is a pattern in which the LED 14 emits
intense light during the nighttime when there may be a night
worker. The control means 17 controls a luminous intensity
of the light emitter based on the selected control pattern and
the time information outputted from the time output means
18.

[0079] In order to obtain an awakening effect on the user,
the control means 17 is used to heighten the luminous
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intensity of the LED 14. However, a change in the luminous
intensity of the LED 14 causes a white balance to change.
However, as described below, the liquid crystal display
device 11 is set to various white balances in accordance with
applications. Therefore, even when the white balance
changes, there is no problem in actually using the liquid
crystal display device 11.

[0080] For example, in a display device for plate making
and printing, the reference white light based on which an
image is displayed is set at a correlated color temperature of
5000 K. Further, in a normal television or monitor, the
reference white light is usually set at a high correlated color
temperature of 9300 K. Furthermore, in a high-definition
television, the reference white light is set a correlated
temperature of 6500 K. In a recent television product, the
reference white light is set at a high correlated color tem-
perature of 12000 K.

[0081] Therefore, when the reference white light lies in a
correlated color temperature range of 5000 K to 12000 K, a
change in white balance does not cause a problem in using
the liquid crystal display device 11, unless accurate color
reproduction is required as in the case of evaluation of
printed colors.

[0082] FIG. 6 shows how a chromaticity point of the
reference white light based on which the liquid crystal
display device 11 performs display moves on a chromaticity
diagram when a color temperature of the reference white
light is changed from 5000 K to 12000 K. In FIG. 6, the
horizontal axis indicates a value of x in an X-Y-Z color
system, the vertical axis indicates a value of y in the X-Y-Z
color system.

[0083] Further, FIG. 7 is a graph showing respective
luminous intensities of the LEDs 14, 15, and 16 when the
liquid crystal display device 11 is set at a correlated color
temperature of 5000 K. Meanwhile, FIG. 8 is a graph
showing respective luminous intensities of the LEDs 14, 15,
and 16 when the liquid crystal display device 11 is set at a
correlated color temperature of 12000 K.

[0084] In each of FIGS. 7 and 8, the horizontal axis
represents a wavelength, and the vertical axis represents the
luminous intensity of each of the LEDs. Further, FIGS. 7 and
8 have the same vertical scale.

[0085] A comparison of these two graphs shows that the
luminous intensity of the LED 14, which emits blue light,
differs between a case where the reference white light is set
at a correlated color temperature of 5000 K and a case where
the reference white light is set at a correlated color tem-
perature of 12000 K. Specifically, the luminous intensity of
the LED 14 when the reference white light is set at a
correlated color temperature of 5000 K drops by approxi-
mately half when the reference white light is set at a
correlated color temperature of 12000 K. Therefore, the
luminous intensity of the LED 14 is greatly changed even
when the correlated color temperature is changed within a
range of actual use. This makes it possible to control
suppression of melatonin so as to regulate a biorhythm.

[0086] There is a difference in the luminous intensity of
the LED 15, which emits red light, between FIGS. 7 and 8.
This applies to the case where the correlated color tempera-
ture is set at 5000 K and 12000 K on a blackbody radiation



US 2007/0268234 Al

locus. When the white point does not need to be put on the
blackbody radiation locus, the LED 15 does not need to be
adjusted.

[0087] That is, the term “color temperature” expresses the
color when a material called a blackbody is heated, as the
temperature at which the black body is heated. The term
“blackbody radiation locus” means a line which is drawn on
a chromaticity diagram and which shows a change in
chromaticity when the blackbody is heated. The term “cor-
related color temperature” means a color temperature which
deviates from the blackbody radiation locus on the chroma-
ticity diagram but which looks similar to the blackbody
radiation locus. For adjusting only the correlated color
temperature, it is only necessary to control the LED 14.

[0088] In order to obtain an effect of awakening the user,
the luminous intensity of the LED 14 is heightened until the
correlated color temperature reaches approximately 12000
K. In this case, a rapid change in the luminous intensity of
the LED 14 may cause a rapid change in screen color
balance so as to annoy the user of the liquid crystal display
device 11. For this reason, when the LED 14 emits light with
a high intensity, an output of the LED 14 is gradually
increased in order to avoid a rapid change in screen color
balance.

[0089] For example, if a PWM (Pulse Width Modulation)
control is used to control an output of an LED in accordance
with a period of time during which the LED emits light, a
rapid change in screen color balance can be prevented by
increasing the duty ratio in a certain period of time (e.g., five
minutes). Further, the change in screen color balance can be
prevented more effectively by heightening respective out-
puts of the LEDs 15 and 16 at the same time as the output
of the LED 14.

[0090] Meanwhile, when the luminous intensity of the
LED 14 is lowered in order to avoid an adverse effect on
sleeping, the luminous intensity of the LED 14 is lowered so
that the correlated color temperature of the reference color
is approximately 5000 K. In the case of the PWM control,
as described above, by lowering the duty ratio in a certain
period of time (e.g., five minutes), the output of the LED 14
can be gradually lowered and a rapid change in screen color
balance can be prevented. Further, by gradually lowering the
respective outputs of the LEDs 15 and 16 at the same time
as the output of the LED 14, the ratio of the respective
luminous intensities of these three LEDs can be kept con-
stant, so that a change in screen color balance can be
prevented more effectively.

[0091] Described below is a relationship between an
amount of light received by the user of the display device
and a video signal value when the luminous intensity of the
LED 14 is changed.

[0092] FIG. 9 is a graph showing a relationship between
an amount of light received by the user and a video signal
value. In FIG. 9, the solid line A represents a luminous
intensity in normal times, the dotted line B represents a
luminous intensity in an awakening period, and the dotted
line C represents a luminous intensity in a sedative period
for example before sleeping. The term “normal times” refers
to a period of time during which the user may be awakened
or may not be awakened. The term “awakening period”
refers to a period of time during which the user should be
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awakened. The term “sedative period” refers to a period of
time during which there should be no adverse effect on
sleeping.

[0093] Suppose that the luminous intensity of the LED 14
is at 100% when the reference white light is set at a color
temperature of 8500 K in the normal times. In this case, the
luminous intensity of the LED 14 increases by 20% when
the reference white light is set at a color temperature of
12000 K in the awakening period. Further, the luminous
intensity of the LED 14 decreases by 20% when the refer-
ence white light is set at a color temperature of 5000 K in the
sedative period.

[0094] The LEDs 14, 15, and 16 are used as backlights, so
that their respective luminous intensities are kept constant in
each of the normal times, the awakening period, and the
sedative period. That is, in the case of the LED 14 for
example, the luminous intensity of the LED 14 is always
kept constant at 120% in the awakening period.

[0095] As shown in FIG. 9, in the awakening period for
example, the amount of light reaching the user of the display
device, as with the luminous intensity of the LED 14,
increases by 20% as compared with the amount of light
received in the normal times. Further, in the sedative period,
the amount of light reaching the user of the display device,
as with the luminous intensity of the LED 14, decreases by
20% as compared with the amount of light received in the
normal times. Thus, it becomes possible to regulate a
biorhythm by changing the amount of light reaching the
user.

[0096] As for the number of the light emitters, the number
of LEDs each having a low luminous intensity may be
increased in accordance with a difference in maximum
luminous intensities of LEDs having respective colors. The
number of LEDs required may be increased in accordance
with a white point serving as a reference. For example, when
a bluish white point having a high color temperature serves
as a reference, the number of blue LEDs is increased. The
number of LEDs may vary depending on a color serving as
a reference.

[0097] Two or more LEDs having the same color may be
juxtaposed. All the LEDs are not necessarily arranged in a
line as illustrated in FIG. 5. The LEDs may be arranged with
one LED out of line with another LED. The LEDs may be
categorized by color, and the categorized LEDs having the
same color may be arranged in a line. Further, as illustrated
in FIG. 5, the LEDs 14, the LEDs 15, and the LEDs 16 do
not need to be arranged in this order but may be arranged in
any given order.

[0098] Further, in the present embodiment, the reference
white light is set at a correlated color temperature of 5000 K
to 12000 K. However, these values only indicate normal
values, and the correlated color temperature of the reference
white light may be set at a higher color temperature.
Therefore, when a more remarkable effect of awakening the
user is desired regardless of the appearance of colors on the
screen of the liquid crystal display device 11, the reference
white light may be set at a color temperature lower than
5000 K or higher than 12000 K.

[0099] Further, the luminous intensity of each of the LEDs
14 is set at 100% in the normal times, 120% in the awak-
ening period, and 80% in the sedative period, but not
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necessarily limited in that way. When a remarkable effect of
regulating a biorhythm is desired, the gap between the upper
and lower limits of the luminous intensity of the LED 14
may be widened. Further, the luminous intensity of the LED
14 may be appropriately changed in accordance with the
luminous efficiency of the LED, the color temperature of the
reference white light, and other parameters.

Third Embodiment

[0100] A display device according to a further embodi-
ment of the present invention will be described below with
reference to FIGS. 10 and 11. A liquid crystal display device
(display device) 21 of the present embodiment includes a
liquid crystal panel 12 for displaying information such as an
image, an optical waveguide plate 13 for irradiating a back
surface of the liquid crystal panel 12, a cold cathode
fluorescent lamp (white light emitter) 22, LEDs 14 each of
which has a dominant wavelength of approximately 464 nm,
control means 17 for controlling a luminous intensity of the
LED 14, and time output means 18 for outputting current
time information, each of the cold cathode fluorescent lamp
22 and the LEDs 14 serving as a light emitter for the optical
waveguide plate 13.

[0101] A process will be described below by which the
luminous intensity is controlled in the liquid crystal display
device 21 of the foregoing arrangement. During use of the
display device, the cold cathode fluorescent lamp 22 is
always turned on. The cold cathode fluorescent lamp 22
emits white light, and the white light causes the optical
waveguide plate 13 to look white.

[0102] Before starting to control the luminous intensity,
the control means 17 obtains the current time information
from the time output means 18. The control means 17, which
controls the light emitter, controls the light emitter in the
following manner, based on the time information.

[0103] That is, when the current time is in the daytime, the
control means 17 turns on the LED 14. Further, when the
current time is in the nighttime, the control means 17 turns
off the LED 14 in order to prevent light of the LED 14 from
affecting sleeping.

[0104] An LED is used as a light emitter having an
emission wavelength of approximately 464 nm. This is
because, as clearly shown in FIG. 7, an LED has a sharp
spectrum, which makes it easy to limit its emission wave-
length band. That is, by using an LED as a light emitter, a
wavelength of light emitted from the light emitter can be
limited to a wavelength of approximately 464 nm which
greatly affects a biorhythm, so that it is possible to effec-
tively regulate the biorhythm.

[0105] FIG. 11 is a flow chart explaining the foregoing
process by which the luminous intensity is controlled. It is
assumed here that the daytime is between eight and eighteen.
As shown in FIG. 11, the control means 17 obtains the
current time information from the time output means 18
(Step 1: hereinafter, “Step” will be referred to simply as
“8”).

[0106] Thereafter, the control means 17 determines
whether or not the current time is a point of time between
eight and eighteen (S2). The time between eight and eigh-
teen is only an example of the time set as a daytime period
of time and may be another period of time.
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[0107] When it is determined in S2 that the current time is
a point of time between eight and eighteen, the LED 14 is
turned on so as to suppress melatonin secretion (S3). Mean-
while, when it is determined in S2 that the current time is out
of the period of time between eight and eighteen, the LED
14 is turned off (S4) so as to reduce an effect on a biorhythm.

[0108] In FIG. 10, for the sake of ease of understanding,
the magnitude relations between the components are exag-
gerated in terms of size in order to facilitate the understand-
ing, and each of the components is not of actual size.
Further, the LEDs 14, both of which are disposed at both
ends, may be disposed at the center and may be increased in
number. The cold cathode fluorescent lamp 22, which is
disposed between the two LEDs 14, may not be provided
between the two LEDs 14 and may be increased in number.
Furthermore, the cold cathode fluorescent lamp 22 may be
replaced by a white LED or an organic EL light emitter.

[0109] Furthermore, the LEDs 14 each of which has a
dominant wavelength of 464 nm may be replaced by a light
emitter which uses a fluorescent material to convert, into a
wavelength of 464 nm, a wavelength of light from a light
source having a different dominant wavelength. Further, a
backlight LCD is taken for example in the present embodi-
ment, but a frontlight may be used or a direct type backlight
which has no optical waveguide plate and which is used in
a large-sized LCD may be used.

Fourth Embodiment

[0110] A display device according to a further embodi-
ment of the present invention will be described below with
reference to FIGS. 12 to 14. As illustrated in FIG. 12, a
liquid crystal display device (display device) 31 of the
present embodiment includes a liquid crystal panel 12, an
optical waveguide plate 13 for irradiating the liquid crystal
panel 12, a cold cathode fluorescent lamp 22 serving as a
light emitter, LEDs 14 each of which serves as a light emitter
having a dominant wavelength of approximately 464 nm,
LEDs (complementary light emitters) 32 each of which
serves as a light emitter having a dominant wavelength
complementary to the corresponding LED 14, control means
17 for controlling a luminous intensity of each of the light
emitters, and time output means 18 for outputting current
time information.

[0111] Note that components having the same functions as
those described in the foregoing embodiments are given the
same reference numerals. Further, in FIG. 12, for the sake of
ease of understanding, the magnitude relations between the
components are exaggerated in terms of size in order to
facilitate the understanding and each of the components is
not of actual size.

[0112] According to the present embodiment, as with the
Third Embodiment, during use of the liquid crystal display
device 31, the cold cathode fluorescent lamp 22 is turned on.
Moreover, the control means 17 obtains the current time
information from the time output means 18 and controls the
luminous intensity of the light emitter based on the current
time information.

[0113] For example, when the control means 17 receives
a control pattern assuming that a user of the liquid crystal
display device 31 is assigned to night duty, the control
means 17 turns on each of the LEDs 14 before and during
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duty hours so as to suppress melatonin secretion, thereby
awakening the user. For example, when it is assumed that the
user is on duty at twenty or later, the LED 14 may be turned
on few hours earlier, e.g., at eighteen so as to awaken the
user.

[0114] At this time, the LED 14 is turned on so as to
change a color balance on the optical waveguide plate 13,
thereby changing a screen color balance. Accordingly, each
of the LEDs 32 is turned on. The LED 32 is disposed next
to the LED 14 and emits light serving as a complementary
color to a color of light having a dominant wavelength of
approximately 464 nm. Because the LED 14 and the LED 32
have colors complementary to each other, white light is
produced by mixing light beams emitted by these two LEDs.
This makes it possible to prevent great disruption of a white
balance while increasing light having a wavelength compo-
nent of 464 nm, thereby making it possible to reduce a
change in screen color balance.

[0115] Specifically, a luminous intensity of the LED 32 is
controlled so that a correlated color temperature of the white
light, which is obtained by mixing the light emitted by the
LED 14 and the light emitted by the LED 32, is as close as
possible to a correlated color temperature of a color of light
emitted by the cold cathode fluorescent lamp 22.

[0116] For example, when it is assumed that the color
temperature of the light emitted by the cold cathode fluo-
rescent lamp 22 is 9000 K, the light emitted from the LED
32 needs to have a dominant wavelength of 568 nm in order
that the light obtained by mixing the color of the light
emitted from the LED 14 and the color of the light emitted
from the LED 32 reaches a color temperature of 9000 K.

[0117] FIG. 13 shows a relationship between a dominant
wavelength of the LED 14, a white point of the cold cathode
fluorescent lamp 22, and a dominant wavelength of the LED
32, whose color is complementary to the color of the LED
14. The horizontal axis represents x in a X-Y-Z color system,
and the vertical axis represents y in the X-Y-Z color system.

[0118] In FIG. 13, the curve indicated by the heavy line
represents a spectrum locus, and each dot on the curve
corresponds to a wavelength. The filled circle (indicated by
* in the figure) indicates the dominant wavelength of 464 nm
of the LED 14. The filled square (indicated by M in the
figure) indicates the color temperature of the cold cathode
fluorescent lamp 22. The filled triangle (indicated by A in
the figure) indicates a point where the straight line connect-
ing the filled circle to the filled square intersects the spec-
trum locus. The point indicates the dominant wavelength of
the LED 32 when the color temperature obtained by mixing
the light emitted from the LED 32 with the light having a
wavelength of 464 nm matches the color temperature of
9000 K of the cold cathode fluorescent lamp.

[0119] Thus, as long as the dominant wavelength of the
LED 32 is set at 568 nm, adjusting the respective luminous
intensities of the LEDs 14 and 32 makes it possible to cause
the color of light obtained by mixing the light beams emitted
from these two LEDs to have the same color temperature of
9000 K as the cold cathode fluorescent lamp 22.

[0120] Further, the control means 17 has various control
patterns. In one control pattern, the LED 14 is turned off so
as to regulate a biorhythm before the user has a catnap or
when the user finishes working at daybreak. In another
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control pattern, if the user goes home by car, the LED 14 is
kept on until the user finishes working. In these cases, when
the LED 14 is turned on, the LED 32 is also turned on. Also,
when the LED 14 is turned off, the LED 32 is also turned off.

[0121] For turning on the LEDs 14 and 32, respective
outputs of the LEDs 14 and 32 are gradually changed in the
same manner as in the Third Embodiment. This is because
when these LEDs are turned on suddenly, a screen lumi-
nance rapidly changes.

[0122] FIG. 14 shows changes in respective luminous
intensities of the LED 14 and the LED 32 when these two
LEDs are turned on. The horizontal axis represents the
luminous intensity of the LED 14, and the vertical axis
represents the luminous intensity of the LED 32.

[0123] The control means 17 changes the respective lumi-
nous intensities of the LEDs 14 and 32 so that the intensity
of the LED 32 is changed in accordance with the intensity
of the LED 14 as indicated by the solid line No. 1. Further,
the control means 17 changes the respective luminous
intensities of the LEDs 14 and 32 so that the LED 32 is
turned off when the LED 14 is turned off. The respective
luminous intensities of the LED 14 and the LED 32 are set
so that the white balance becomes appropriate when the
LED 14 and the LED 32 emit light at the same percentage
of luminous intensity with respect to their respective maxi-
mum luminous intensities.

[0124] However, when the respective luminous intensities
of the LED 14 and the LED 32 are heightened, the lumi-
nance of the entire screen is increased, so that the screen may
look glaring. This can be prevented by lowering the lumi-
nous intensity of the cold cathode fluorescent lamp 22 when
increasing the respective luminous intensities of the LED 14
and the LED 32. This makes it possible to suppress an
increase in luminance, thereby reducing power consump-
tion.

[0125] In FIG. 14, the luminous intensities of the two
LEDs 14 and 32 are proportionate to each other. However,
due to an emission characteristic and other differences in
LED characteristic, the luminous intensities may not be
proportionate to each other but may be expressed, for
example, as a quadratic function curve.

[0126] Further, although the color of the light emitted by
the cold cathode fluorescent lamp 22 is set at 9000 K in the
present embodiment, the color temperature of the color of
the light emitted by the cold cathode fluorescent lamp 22
may be set at various correlated color temperatures other
than 9000 K. Therefore, the dominant wavelength of the
LED 32 may be set at various wavelengths depending on the
color temperature of the cold cathode fluorescent lamp 22
and the wavelength of the LED 14.

[0127] Further, ideally speaking, it is preferable that the
dominant wavelength of the LED 32 be set at a wavelength
serving as a complementary color to the color of the light
emitted by the LED 14. However, because a wavelength
slightly out of phase with the wavelength serving as the
complementary color can emit white light approximate to
that of the cold cathode fluorescent lamp 22, the LED 32
may be replaced by an LED which emits light having such
a wavelength.

[0128] Further, the LED 32 emits monochromatic light
having a spectrum which includes a single sharp peak.
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However, the LED 32 may be replaced by a light source
which emits non-monochromatic light having an emission
spectrum which includes a plurality of peaks and which has
a dominant wavelength serving as a complementary wave-
length.

Fifth Embodiment

[0129] A display device according to a further embodi-
ment of the present invention will be described below with
reference to FIG. 15. As illustrated in FIG. 15, a liquid
crystal display device (display device) 41 of the present
embodiment includes a liquid crystal panel 12, an optical
waveguide plate 13, LEDs 14, red (R) LEDs 15, green (G)
LEDs 16, and LEDs 32. Each of the LEDs 14 emits light
having a dominant wavelength of approximately 464 nm,
and each of the LEDs 32 emits light serving as a comple-
mentary color to the light having a wavelength of approxi-
mately 464 nm. Further, the LEDs 14, 15, 16, 32 serve as
light emitters for the optical waveguide plate 13.

[0130] Furthermore, the liquid crystal display device 41
includes control means 17 for controlling the light emitters,
time output means 18 for outputting time information,
storage means 19 for storing a plurality of control patterns
of controlling the light emitters, pattern input means 42 for
enabling a user of the display device to arbitrarily input a
control pattern, and selection means 20 for selecting a
control pattern to be used from among the plurality of
control patterns.

[0131] Further, components having the same functions as
those described in the foregoing embodiment are given the
same reference numerals. Further, in FIG. 15, for the sake of
ease of understanding, the magnitude relations between the
components are exaggerated in terms of size in order to
facilitate the understanding, and each of the components is
not of actual size.

[0132] The steps of controlling respective luminous inten-
sities of the light emitters will be described below. First,
during use of the liquid crystal display device 41, the LEDs
14, the red LEDs 15, and the green LEDs 16 are turned on
in order to produce white light. The white light at this time
is set to the CIE standard illuminant D65. Furthermore, the
selection means 20 refers to the storage means 19 so as to
determine a control pattern of controlling the light emitters.

[0133] The storage means 19 stores the plurality of control
patterns of controlling the light emitters as described above
but has difficulty in storing all of the control patterns in
advance. However, the liquid crystal display device 41 is
provided with the pattern input means 42, which causes the
storage means 19 to store, as user instruction information,
the control pattern inputted by the user. This makes it
possible for the user of the liquid crystal display device 41
to freely store control patterns in the storage means 19 in
accordance with the user’s lifestyle.

[0134] Note that the term “user instruction information”
means information set by the user and regarding how a
luminous intensity of the LED 14 is controlled in accordance
with time. Therefore, the user instruction information also
includes the control patterns of controlling the light emitters.

[0135] The user uses the selection means 20 to select one
control pattern from among the plurality of control patterns
which include the control pattern inputted by the user and
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which are stored in the storage means 19. The control means
17 controls the light emitters based on the selected control
pattern and the time information outputted from the time
output means 18.

[0136] Further, when the luminous intensity of the LED 14
is gradually heightened in order to obtain an effect of
awakening the user, a screen color balance changes. In order
to prevent such a change in color balance, the LED 32,
which serves as a complementary color to the LED 14, is
turned on in accordance with the luminous intensity of the
LED 14, thereby making it possible to keep a white balance.

[0137] In FIG. 14, the dotted line No. 2 indicates a
relationship between the respective luminous intensities of
the LED 14 and the LED 32. The luminous intensity of the
LED 14 and the luminous intensity of the LED 32 are set to
be proportionate to each other, and the reference white light
is set to D65.

[0138] At 40% of the luminous intensity of the LED 14,
there is an appropriate white balance between the LED 14,
the LED 15, and the LED 16. That is, when it is assumed that
the reference white light D65 is emitted, the luminous
intensity of LED 32 is kept at 0% until the intensity of the
LED 14 reaches a predetermined intensity, e.g., 40%.

[0139] Meanwhile, when the luminous intensity of the
LED 14 exceeds the predetermined intensity, the luminous
intensity of the LED 32, whose color is complementary to
the color of the LED 14, is caused to increase as the
luminous intensity of the LED 14 increases. This makes it
possible to keep the white balance properly, thereby reduc-
ing a change in screen color balance.

[0140] Further, also by adjusting respective outputs of the
remaining two LEDs 15 and 16 in accordance with the
luminous intensity of the LED 14, the white balance can be
adjusted so that a change in color balance is restrained.
These methods for restraining a change in color balance can
be carried out alone or in combination. However, the method
carried out by using the LED 32 serving as a complementary
color allows for the easiest control with high accuracy.

[0141] Further, by disposing the LED 14 and the LED 32
next to each other, colors of light beams from these LEDs
are mixed efficiently. This leads to reduction of unevenness
in colors, thereby keeping the white balance more properly.

[0142] As luminous efficiency of an LED and a white
balance serving as a reference vary, the graph changes in
terms of slope and other characteristics. In FIG. 14, the
dotted line No. 3 indicates an example of the relationship
when the luminous intensity of the LED 32 is changed in
accordance with the luminous intensity of the LED 14. The
dotted line No. 3 indicates the relationship between the
respective luminous intensities of the LED 14 and the LED
32 in the case where an appropriate white balance is
achieved if the LED 32 has higher luminous efficiency and
a lower luminous intensity than the LED 14.

[0143] Examples of the relationship between the respec-
tive luminous intensities of the LED 14 and the LED 32
include not only the relationship shown in FIG. 14 but also
various relationships. For example, the luminous intensity of
the LED 32 is kept at 0% until the luminous intensity of the
LED 14 reaches 50%.
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[0144] According to the present embodiment, the LED 14
and the LED 32 serving as a complementary color thereto
are disposed next to each other in order to efficiently mix
light beams from these LEDs. However, the LED 14 and the
LED 32 may be disposed apart from each other.

[0145] Further, the arrangement of the liquid crystal dis-
play device 41 as an example of the display device has been
described in the present embodiment. However, a white
balance of a light-emitting display provided with pixels each
of which has four colors including a complementary color
can be adjusted in the same manner as the liquid crystal
display device 41 of the present embodiment.

[0146] That is, as illustrated in FIG. 16, the light-emitting
display includes: a glass substrate 5; an anode 6; an organic
layer 7 for emitting red light; an organic layer 8 for emitting
green light; an organic layer 9 for emitting light having a
dominant wavelength of approximately 464 nm; and a
cathode 10, wherein there is provided an organic layer
(complementary light emitter) 51 for emitting light serving
as a complementary color to the organic layer 9.

[0147] Further, Table 1 shows, for each of the various
control patterns, emitting states of the LED 14 in each of the
foregoing embodiments.

TABLE 1
Pattern 1 Pattern 2 Pattern 3

6:00-8:00 — — LOW

8:00-10:00 ON HIGH —
10:00-12:00 ON HIGH —
12:00-14:00 ON HIGH —
14:00-16:00 ON HIGH —
16:00-18:00 ON HIGH —
18:00-20:00 OFF LOW —
20:00-22:00 OFF LOW —
22:00-24:00 OFF LOW HIGH

0:00-2:00 — — HIGH

2:00-4:00 — — HIGH
4:00-6:00 — — LOW

[0148] Pattern 1 is a control pattern of controlling the light
emitter described in the Third Embodiment and shows
emitting states of the LED 14 with time. The liquid crystal
display device 21 according to the Third Embodiment uses
the cold cathode fluorescent lamp 22 as a light emitter (see
FIG. 10), so that it is possible to produce white light without
always keeping on the LED 14. Therefore, in Pattern 1, the
LED 14 is turned on and off.

[0149] Further, Pattern 2 and Pattern 3 are control patterns
of controlling the LED 14 when only three LEDs having
their respective colors are used as light emitters. In these
patterns, the LED 14 needs to be always kept on in order to
produce white light. Therefore, in Pattern 2 and Pattern 3,
the LED 14 is kept on with high and low intensities.

[0150] Further, Pattern 2 is suited to a normal life pattern,
and Pattern 3 is suited to a life pattern for example of a
person assigned to night duty. That is, in Pattern 2, the LED
14 is kept on with a high intensity during the daytime hours.
Meanwhile, in Pattern 3, the LED 14 is kept on with a high
intensity during the late night hours.

[0151] In addition to those patterns shown in Table 1,
various control patterns can be set in accordance with
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situations in which the user of the display device lives.
Further, in Table 1, the LED 14 is turned on and off and kept
on with high and low intensities at two-hour intervals.
However, time intervals at which the emission states of the
LED 14 changes may be optionally determined.

Sixth Embodiment

[0152] A display device according to a further embodi-
ment of the present invention will be described below with
reference to FIG. 17. As illustrated in FIG. 17, a liquid
crystal display device (display device) 61 of the present
embodiment includes a liquid crystal panel 12, an optical
waveguide plate 13, LEDs 14 each of which has a dominant
wavelength of approximately 464 nm, and a cold cathode
fluorescent lamp 22. The LEDs 14 and the cold cathode
fluorescent lamp 22 serve as light emitters for the optical
waveguide plate 13. Further, the liquid crystal display device
61 of the present embodiment includes a fluorescent material
62, which is excited by light from the LEDs 14 so as to emit
light serving as a complementary color to the LED 14.

[0153] Further, the liquid crystal display device 61
includes control means 17 for controlling respective lumi-
nous intensities of the light emitters (the LEDs 14, the cold
cathode fluorescent lamp 22, and the fluorescent material
62), time output means 18 for outputting time information,
storage means 19 for storing a plurality of control patterns
of controlling the LEDs 14 serving as light emitters, and
selection means 20 for selecting a control pattern to be used
from among the plurality of control patterns.

[0154] Note that components having the same functions as
those described in the foregoing embodiment are given the
same reference numerals. Further, in FIG. 17, for the sake of
ease of understanding, the magnitude relations between the
components are exaggerated in terms of size in order to
facilitate the understanding, and each of the components is
not of actual size.

[0155] The steps of controlling the respective luminous
intensities of the light emitters will be described below. First,
during use of the liquid crystal display device 61, the cold
cathode fluorescent lamp 22 is turned on in order to produce
white light. The cold cathode fluorescent lamp 22 emits light
having a correlated color temperature of 9000 K.

[0156] Furthermore, the selection means 20 refers to the
storage means 19 so as to determine a control pattern of
controlling the light emitters. The storage means 19 stores a
plurality of control patterns. For example, in one of the
plurality of control patterns, the LEDs 14 are caused to emit
intense light in an early-morning period when a user has just
woken up or in an after-lunch period when the user tends to
be sleepy.

[0157] The user selects one control pattern from among
the plurality of control patterns by using the selection means
20. The control means 17 controls the luminous intensity of
each of the light emitters based on both the selected control
pattern and the time information from the time output means
18. For example, when the user selects a pattern in which the
LED 14 emits intense light with an eight-to-eighteen period
set as a daytime period, the luminous intensity of each of the
LEDs 14 is controlled according to the flow chart shown in
FIG. 11.

[0158] Further, a color of light obtained by simply mixing
light emitted by the cold cathode fluorescent lamp 22 with
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light emitted from the LED 14 is more bluish than a color of
the light emitted by the cold cathode fluorescent lamp 22
alone. Therefore, in the liquid crystal display device 61 of
the present embodiment, when the LED 14 is simply made
to emit intense light in order to obtain an awakening effect
on the user, the white balance is undesirably disrupted.

[0159] Accordingly, the fluorescent material 62 is dis-
posed in a position which is between the LED 14 and the
optical waveguide plate 13 and which is exposed to a part of
the light from the LED 14. This causes the part of the light
emitted from the LED 14 to be converted by the fluorescent
material 62 into light serving as a complementary color to
the LED 14. Further, another part of the light emitted from
the LED 14 which does not pass through the fluorescent
material 62 is not converted in wavelength and is therefore
mixed with the light which has passed through the fluores-
cent material 62, thereby producing white light.

[0160] Thus, provision of the fluorescent material 62
makes it possible to, while heightening the intensity of the
LED 14, adjust the white balance without using a light
source of a complementary color. An example of such a
fluorescent material is YAG (yttrium, aluminum, garnet),
which is used for example in a white LED and emits yellow
light when excited by blue light.

[0161] By thus arranging the liquid crystal display device
61, as compared with the liquid crystal display device 31
(see FIG. 12) using the LED 32 as a light emitter of a
complementary color, light having the same luminance can
be produced with a smaller number of light sources. Fur-
thermore, when the fluorescent material 62 is used, the
fluorescent material 62 is disposed in a position very near the
LED 14, so that the liquid crystal panel 12 is less likely to
display unevenness in colors and luminance.

[0162] Further, when a light emitter of a complementary
color is used as with the liquid crystal display device 31 for
example, a luminous intensity of the light emitter of the
complementary color, as well as the luminous intensity of
the LED 14, needs to be controlled. However, when the
fluorescent material 62 is used as with the liquid crystal
display device 61, there is no need to control a luminous
intensity of the fluorescent material 62, so that the luminous
intensity of the LED 14 can be controlled more simply than
when a light emitter of a complementary color is used.

[0163] Although the fluorescent material 62 is disposed
right above the LED 14 in the present embodiment, the
fluorescent material 62 is not to be limited in terms of
positions in which it is disposed. That is, the fluorescent
material 62 can be disposed in various positions as long as
it is exposed to the light from the LED 14. For example, the
fluorescent material 62 can be disposed so as to cover the
LED 14. Alternatively, the fluorescent material 62 can be
disposed beside the LED 14.

[0164] Further, the LED 14 and the fluorescent material 62
may be replaced by a white LED obtained by combining
with a fluorescent material an LED which emits light having
a wavelength of 464 nm.

[0165] Further, although a cold cathode fluorescent lamp
is used as a white light source in the present embodiment, a
white LED or a white EL light emitter may be used.
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[0166] Further, a fluorescent material can be applied also
to the liquid crystal display device 11 of the Second Embodi-
ment using as light emitters the LEDs 14, 15, and 16 which
emit different colors.

Seventh Embodiment

[0167] A display device according to a further embodi-
ment of the present invention will be described below with
reference to FIG. 18. As illustrated in FIG. 15, a liquid
crystal display device (display device) 71 of the present
embodiment includes a liquid crystal panel 12, an optical
waveguide plate 13, and a cold cathode fluorescent lamp 22.
The cold cathode fluorescent lamp 22 serves as a light
emitter for the optical waveguide plate 13.

[0168] Further, the liquid crystal display device 71
includes a dielectric multilayer filter 72 which exhibits a low
transmittance in a blue wavelength band, and a dielectric
multilayer filter 73 which exhibits a high transmittance in
the blue wavelength band. The dielectric multilayer filters 72
and 73 are disposed between the cold cathode fluorescent
lamp 22 and that end face of the optical waveguide plate 13
which is irradiated with light of the cold cathode fluorescent
lamp 22. The dielectric multilayer filters 72 and 73 control
for each emission wavelength a transmittance of light inci-
dent to the optical waveguide plate 13 from the cold cathode
fluorescent lamp 22.

[0169] Furthermore, the liquid crystal display device 71
includes filter switching means 74. The filter switching
means 74 determines whether either one of the dielectric
multilayer filters 72 and 73 is used or neither of them is used.

[0170] Further, the liquid crystal display device 71
includes control means 17 for controlling a luminous inten-
sity of the cold cathode fluorescent lamp 22.

[0171] Note that components having the same functions as
those described in the foregoing embodiments are given the
same reference numerals. Further, in FIG. 18, for the sake of
ease of understanding, the magnitude relations between the
components are exaggerated in terms of size in order to
facilitate the understanding, and each of the components is
not of actual size.

[0172] Described below is a method for controlling an
amount of light having such a wavelength in a range of 440
nm to 470 nm that affects a biorhythm.

[0173] FIG. 19 shows an emission spectrum of the cold
cathode fluorescent lamp 22. The horizontal axis represents
the wavelength, and the vertical axis represents the luminous
intensity. As described in FIG. 3, light in the blue wave-
length band has a suppressive effect on melatonin. FIG. 19
shows that light emitted from the cold cathode fluorescent
lamp 22 includes light in that wavelength band.

[0174] Further, FIG. 20 shows a transmittance character-
istic of the dielectric multilayer filter 72, which exhibits a
low transmittance in the blue wavelength band, and FIG. 21
shows a transmittance characteristic of the dielectric multi-
layer filter 73, which exhibits a high transmittance in the
blue wavelength band. In each of FIGS. 20 and 21, the
horizontal axis represents the wavelength, and the vertical
axis represents the transmittance.

[0175] The “dielectric multilayer filter” here includes two
types of insulating films laminated on top of each other, the
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two types of insulating films having different refractive
indices and being made for example of silicon oxide and
titanium oxide. Dielectric multilayer filters having various
transmission spectra can be achieved by changing materials
of the insulating films or changing the number of layers
laminated. There is a publicly known method for producing
a dielectric multilayer filter.

[0176] As shown in FIG. 20, the dielectric multilayer filter
72 has a transmission spectrum which exhibits a low trans-
mittance in the blue wavelength band and which exhibits a
high transmittance in other wavelength bands. For this
reason, in a period of time when the user should not be
awakened, e.g., before sleeping, the switching means 74 is
used to switch to the dielectric multilayer film 72. In this
way, it is possible to reduce an amount of light which is in
the blue wavelength band and has a suppressive effect on
melatonin.

[0177] Further, as shown in FIG. 21, the dielectric multi-
layer filter 73 has a transmission spectrum which exhibits a
high transmittance in the blue wavelength band and which
exhibits a low transmittance in other wavelength bands. For
this reason, in a period of time when the user needs to be
awakened, e.g., in a daytime period, the switching means 74
is used to switch to the dielectric multilayer film 73.

[0178] However, using the dielectric multilayer film 73
alone causes an emission amount to decrease in all the
wavelength bands, albeit at different rates between the blue
wavelength band and the other wavelength bands. For this
reason, when the dielectric multilayer filter 73 is used, it is
preferable that the luminous intensity of the cold cathode
fluorescent lamp 22 be heightened by using the control
means 17. This makes it possible to increase an amount of
light in the blue wavelength band so as to suppress mela-
tonin secretion when the user needs to be awakened.

[0179] Furthermore, the user of the display device can use
the filter switching means 74 so as to determine, as user
instruction information, information regarding whether
either one of the dielectric multilayer filters is used or neither
of them is used.

[0180] For example, when the user does not want an
adverse effect on sleeping before going to bed, the filter
switching means 74 is used to set the user instruction
information so that the dielectric multilayer filter 72, which
exhibits a low transmittance in the blue wavelength band, is
used. This makes it possible to prevent melatonin secretion
from being suppressed.

[0181] Further, when there is a need for an effect of
awakening the user, the filter switching means 74 is used to
set the user instruction information so that the dielectric
multilayer filter 73, which exhibits a high transmittance in
the blue wavelength band, is used.

[0182] In this case, the filter switching means 74 outputs
to the control means 17 a control signal to the effect that the
luminous intensity of the cold cathode fluorescent lamp 22
is heightened. This causes an amount of light in the blue
wavelength band to increase, so that an effect of awakening
the user is obtained.

[0183] Further, when these filters are used, there is a
change in amount of blue light, and this change may cause
a change in color balance on a display screen of the liquid
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crystal display device 71. For this reason, when a color
balance of a displayed image is important, it is preferable
that the user use the filter switching means 74 so as to set the
user instruction information so that neither of the filters is
used. This makes it possible to prevent a color balance of an
image displayed by the liquid crystal panel 12 from becom-
ing bluish.

[0184] By thus setting the user instruction information by
using the filter switching means 74, the user can set the
liquid crystal display device 71 to a desired status.

[0185] In the present embodiment, dielectric multilayer
filters are used because the dielectric multilayer filters make
it possible to arbitrarily design a transmission spectrum in
order to control an emission amount of light for each
wavelength band. However, various methods may be used to
control an emission amount of light for each wavelength
band. For example, a guest-host liquid crystal may be used
to control an emission amount.

[0186] The “guest-host liquid crystal” is a liquid crystal
including a dichroic pigment mixed therein, the dichroic
pigment being anisotropic in terms of light absorption
between its major molecular axis and its minor molecular
axis. Applying a voltage to the guest-host liquid crystal
causes a change in alignment of the dichroic pigment.
Because this change causes a change in absorption charac-
teristic of light passing through the liquid crystal, an amount
of transmission of light can be electrically controlled. A
guest-host liquid crystal using a dichroic pigment which
absorbs blue light makes it possible to control an amount of
transmission of blue light.

[0187] Further, the cold cathode fluorescent lamp 22 may
be replaced by an organic EL light emitter or an inorganic
EL light emitter having an emission component in the blue
wavelength band. Further, the number of the cold cathode
fluorescent lamp 22 is not limited to one.

[0188] Further, in the present embodiment, the filter
switching means 74 is provided for switching between the
dielectric multilayer filter 72 and the dielectric multilayer
filter 73. Similarly, there may be provided the organic layer
9, which emits blue light in the foregoing embodiments, and
a button for changing the luminous intensity of the LED 14,
so that the user can freely switch the luminous intensity.

[0189] The present invention is not to be limited by the
foregoing embodiments and may be varied in many ways
within the scope of the claims. Embodiments obtained by
combining the technical means respectively disclosed in
different embodiments are also included in the technical
scope of the present invention.

[0190] As described above, a display device of the present
invention is a display device for displaying an image based
on light of a light emitter, wherein: the light emitter emits
light having such a wavelength that affects a biorhythm, and
an intensity of the light having the wavelength is controlled,
so that the biorhythm is regulated and the image is dis-
played.

[0191] According to the foregoing arrangement, by con-
trolling the intensity of the light having the wavelength
which affects the biorhythm, the biorhythm can be regulated.

[0192] Particularly, because the display device is used in
a position closer to a user than is a lighting device, the light
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from the light emitter directly reaches the user, thereby
greatly affecting the user’s biorhythm. Further, the display
device for displaying the image is more frequently used than
the lighting device.

[0193] Therefore, in the case of the display device, the
luminous intensity of the light emitter has a more profound
effect on the user’s biorhythm than in the case of the lighting
device. According to the present invention, the user’s bio-
rhythm can be effectively regulated.

[0194] Further, the display device of the foregoing
arrangement preferably controls the intensity of the light
having the wavelength, based time information. The time
information embraces the time information indicating the
current time, the elapsed time information indicating time
elapsed from the beginning of use of the display device to
the present, and other information.

[0195] According to the foregoing arrangement, the inten-
sity of the light having the wavelength which affects the
biorhythm is automatically controlled based on the time
information, so that the user can regulate the biorhythm
without consciously operating the display device.

[0196] Further, the display device of the foregoing
arrangement preferably controls the intensity of the light
having the wavelength, based on user instruction informa-
tion set by the user.

[0197] According to the foregoing arrangement, the inten-
sity of the light having the wavelength which affects the
biorhythm is controlled based on the user instruction infor-
mation set by the user. Therefore, the intensity of the light
having the wavelength which affects the biorhythm can be
controlled as the user likes, so that the user’s biorhythm can
be adapted to a desired rhythm.

[0198] Further, as the user instruction information, a con-
trol pattern may be set in which the intensity of the light
having the wavelength which affects the biorhythm is asso-
ciated with time, so that the intensity of the light having the
wavelength which affects the biorhythm is controlled based
on this user instruction information. Once the user of the
display device of the present invention sets the control
pattern, the light having the wavelength which affects the
biorhythm is emitted with the user’s desired intensity. There-
fore, the user’s biorhythm can be adapted to a desired
rhythm.

[0199] Further, the display device of the foregoing
arrangement preferably controls the intensity of the light
having the wavelength, based on contents information indi-
cating what type of program the displayed image is.

[0200] According to the foregoing arrangement, the inten-
sity of the light having the wavelength which affects the
biorhythm is controlled based on the contents information,
so that the intensity of the light having the wavelength is
controlled depending on what type of program the displayed
image is. Therefore, the biorhythm can be regulated depend-
ing on what type of program the displayed image is. For
example, when the displayed image is a movie, the intensity
of the light having the wavelength is heightened so as to
awaken the user, so that the movie becomes more impres-
sive.

[0201] Further, the display device of the foregoing
arrangement preferably includes a complementary light
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emitter for emitting light whose color is substantially
complementary to a color of the light having the wavelength.

[0202] That is, when the intensity of the light having
wavelength which affects the biorhythm is heightened, a
color balance of a display screen on which the image is
displayed may be disrupted. However, the complementary
light emitter is provided in the foregoing arrangement.
Therefore, by mixing light beams emitted from the light
emitter and the complementary light emitter, white light is
produced so that the color balance of the display screen does
not change.

[0203] Further, the display device of the foregoing
arrangement preferably controls a luminous intensity of the
complementary light emitter in accordance with the lumi-
nous intensity of the light having the wavelength.

[0204] According to the foregoing arrangement, the lumi-
nous intensity of the complementary light emitter is con-
trolled in accordance with the luminous intensity of the light
having the wavelength. The complementary light emitter
emits light whose color is complementary to the color of the
light having the wavelength. Therefore, controlling the
luminous intensity of the complementary light emitter in
accordance with the luminous intensity of the light having
the wavelength makes it possible to appropriately control the
color balance of the white light, which is produced by
mixing the light beams from the two light emitters.

[0205] Therefore, it is possible to more appropriately
prevent the color balance of the display screen from being
disrupted depending on the intensity of the light having the
wavelength.

[0206] Further, a display device of the present invention is
a display device including an image display section for
displaying an image, the image display section including
pixels each of which has a plurality of light emitters,
wherein: the plurality of light emitters include a first light
emitter for emitting light having such a wavelength that
affects a biorhythm, and a characteristic of a luminous
intensity of the first light emitter with respect to a video
signal inputted into the image display section is switched.

[0207] According to the foregoing arrangement, the char-
acteristic of the luminous intensity of the first light emitter
is controlled in a light-emitting display device whose pixels
serve as light emitters to emit light. This makes it possible
to control the intensity of the light having the wavelength
which affects the biorhythm, thereby regulating the bio-
rhythm.

[0208] Particularly, because the display device is used in
a position closer to a user than is a lighting device, the light
from the first light emitter is directly reaches the user,
thereby greatly affecting the user’s biorhythm. Further, the
display device for displaying the image is more frequently
used than the lighting device.

[0209] Therefore, in the case of the display device, the
luminous intensity of the first light emitter has a more
profound effect on the user’s biorhythm than in the case of
the lighting device. According to the present invention, the
user’s biorhythm can be effectively regulated.

[0210] Further, a display device of the present invention is
a display device including an image display section for
displaying an image, the image display section including
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pixels each of which has a plurality of light emitters,
wherein: the plurality of light emitters include a first light
emitter for emitting light having a dominant wavelength in
a range of 445 nm to 480 nm, and a characteristic of a
luminous intensity of the first light emitter with respect to a
video signal inputted into the image display section is
switched.

[0211] According to the foregoing arrangement, a light
emitter which emits light, which has a dominant wavelength
in a range of 445 nm to 480 nm and has a high suppressive
effect on melatonin, is used as the first light emitter. There-
fore, light emitted from the first light emitter has a high
suppressive effect on melatonin, thereby making it possible
to more effectively regulate the biorhythm.

[0212] Further, the display device of the foregoing
arrangement preferably switches the characteristic of the
luminous intensity of the first light emitter with respect to
the video signal, based on time information.

[0213] According to the foregoing arrangement, the char-
acteristic of the luminous intensity of the first light emitter
is automatically controlled based on the time information, so
that the user can regulate the biorhythm without consciously
operating the display device.

[0214] Further, the display device according to the fore-
going arrangement preferably switches the characteristic of
the luminous intensity of the first light emitter with respect
to the video signal, based on user instruction information set
by a user.

[0215] According to the foregoing arrangement, the char-
acteristic of the luminous intensity of the light having the
wavelength which affects the biorhythm is controlled based
on the user instruction information set by the user. There-
fore, the characteristic of the luminous intensity of the first
light emitter can be controlled as the user likes, so that the
user’s biorhythm can be adopted to a desired rhythm.

[0216] Further, as the user instruction information, a con-
trol pattern may be set in which the characteristic of the
luminous intensity of the first light emitter is associated with
time, so that the characteristic of the luminous intensity of
the first light emitter is controlled based on this user instruc-
tion information. Once the user of the display device of the
present invention sets the control pattern, the first light
emitter emits light with the user’s desired intensity. There-
fore, the user’s biorhythm can be adopted to a desired
rhythm.

[0217] Further, the display device according to the fore-
going arrangement preferably switches the characteristic of
the luminous intensity of the first light emitter with respect
to the video signal, based on contents information indicating
what type of program the displayed image is.

[0218] According to the foregoing arrangement, the char-
acteristic of the luminous intensity of the first light emitter
is controlled based on the contents information, so that the
characteristic of the luminous intensity of the first light
emitter is controlled depending on what type of program the
displayed image is. Therefore, the biorhythm can be regu-
lated depending on what type of program the displayed
image is. For example, when the displayed image is a movie,
the luminous intensity of the first light emitter is heightened
so as to awaken the user, so that the movie becomes more
impressive.
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[0219] Further, the plurality of light emitters preferably
include a second light emitter for emitting red light and a
third light emitter for emitting green light.

[0220] That is, the light which is emitted by the first light
emitter and which affects the biorhythm is substantially blue.
Therefore, when the second light emitter and the third light
emitter are provided as in the foregoing arrangement, color
display can be performed in the light-emitting display device
by using the substantially blue light emitted by the first
emitter, the red light emitted by the second light emitter, and
the green light emitted by the third light emitter.

[0221] Further, the plurality of light emitters preferably
include a complementary light emitter for emitting light
whose color is substantially complementary to a color of
light emitted by the first light emitter.

[0222] That is, when the intensity of the light having
wavelength which affects the biorhythm is heightened, a
color balance of a display screen on which the image is
displayed may be disrupted. However, the complementary
light emitter is provided in the foregoing arrangement.
Therefore, by mixing light beams emitted from the first light
emitter and the complementary light emitter, white light is
produced, so that the color balance of the display screen
does not change.

[0223] Further, the display device of the foregoing
arrangement preferably controls a luminous intensity of the
complementary light emitter in accordance with the lumi-
nous intensity of the first light emitter.

[0224] According to the foregoing arrangement, the lumi-
nous intensity of the complementary light emitter is con-
trolled in accordance with the luminous intensity of the first
light emitter. The complementary light emitter emits light
whose color is complementary to the color of the first light
emitter. Therefore, controlling the luminous intensity of the
complementary light emitter in accordance with the lumi-
nous intensity of the first light emitter makes it possible to
appropriately control the color balance of the white light,
which is produced by mixing the light beams from the two
light emitters.

[0225] Therefore, it is possible to more appropriately
prevent the color balance of the display screen from being
disrupted depending on the luminous intensity of the first
light emitter.

[0226] Further, the complementary light emitter is prefer-
ably disposed next to the first light emitter.

[0227] According to the foregoing arrangement, the first
light emitter and the complementary light emitter are dis-
posed next to each other, so that light beams emitted from
the light emitters are efficiently mixed, thereby efficiently
producing white light. Therefore, it is possible to more
appropriately prevent the color balance of the display screen
from being disrupted depending on the luminous intensity of
the first light emitter.

[0228] Further, at least one of the plurality of light emitter
may be a light-emitting diode.

[0229] According to the foregoing arrangement, a light-
emitting LED display whose pixel includes an LED can be
arranged so as to regulate a biorhythm.
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[0230] Further, at least one of the plurality of light emitter
may be an electroluminescent light emitter.

[0231] According to the foregoing arrangement, a light-
emitting organic EL display whose pixel includes an elec-
troluminescent light emitter can be arranged so as to regulate
a biorhythm.

[0232] Further, a display device of the present invention is
a display device irradiating an image display section, which
is for displaying an image, with light from a light source so
as to cause the image display section to display the image,
the display device including: a plurality of light emitters
which include a first light emitter for emitting light having
such a wavelength that affects a biorhythm, a luminous
intensity of the first light emitter with respect to an video
signal inputted into the image display section being
switched.

[0233] According to the foregoing arrangement, in the
display device arranged such that the image display section
is irradiated with the light from the light source, the lumi-
nous intensity of the first light emitter is controlled. This
makes it possible to control the intensity of the light having
the wavelength which affects the biorhythm, thereby regu-
lating the biorhythm.

[0234] Particularly, because the display device is used in
a position closer to a user than is a lighting device, the light
from the first light emitter is sent directly to the user. Further,
the display device for displaying the image is more fre-
quently used than the lighting device.

[0235] Therefore, in the case of the display device, the
luminous intensity of the first light emitter has a more
profound effect on the user’s biorhythm than in the case of
the lighting device. According to the present invention, the
user’s biorhythm can be effectively regulated.

[0236] Further, a display device of the present invention is
a display device irradiating an image display section, which
is for displaying an image, with light from a light source so
as to cause the image display section to display the image,
the display device including: a plurality of light emitters
which include a first light emitter for emitting light having
a dominant wavelength in an range of 445 nm to 480 nm, a
luminous intensity of the first light emitter with respect to an
video signal inputted into the image display section being
switched.

[0237] According to the foregoing arrangement, a light
emitter which emits light, has a dominant wavelength in a
range of 445 nm to 480 nm and has a high suppressive effect
on melatonin, is used as the first light emitter. Therefore,
light emitted from the first light emitter has a high suppres-
sive effect on melatonin, thereby making it possible to more
effectively regulate the biorhythm.

[0238] Furthermore, in the display device of the foregoing
arrangement, it is preferable that the luminous intensity of
the first light emitter be controlled based on time informa-
tion.

[0239] According to the foregoing arrangement, the lumi-
nous intensity of the first light emitter is automatically
controlled based on the time information, so that the user can
regulate the biorhythm without consciously operating the
display device.
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[0240] Furthermore, in the display device of the foregoing
arrangement, it is preferable that the luminous intensity of
the first light emitter be controlled based on user instruction
information set by the user.

[0241] According to the foregoing arrangement, the inten-
sity of the light having the wavelength which affects the
biorhythm is controlled based on the user instruction infor-
mation set by the user. Therefore, the luminous intensity of
the first light emitter can be controlled as the user likes, so
that the user’s biorhythm can be adapted to a desired rhythm.

[0242] Further, as the user instruction information, a con-
trol pattern may be set in which the luminous intensity of the
first light emitter is associated with time, so that the lumi-
nous intensity of the first light emitter is controlled based on
this user instruction information. Once the user of the
display device of the present invention sets the control
pattern, the first light emitter emits light with the user’s
desired intensity. Therefore, the user’s biorhythm can be
adapted to a desired rhythm.

[0243] Furthermore, in the display device of the foregoing
arrangement, it is preferable that the characteristic of the
luminous intensity of the first light emitter be controlled
based on contents information indicating what type of
program the image is.

[0244] According to the foregoing arrangement, the lumi-
nous intensity of the first light emitter is controlled based on
the contents information, so that the luminous intensity of
the first light emitter is controlled depending on what type of
program the displayed image is. Therefore, the biorhythm
can be regulated depending on what type of program the
displayed image is. For example, when the displayed image
is a movie, the luminous intensity of the first light emitter is
heightened so as to awaken the user, so that the movie
becomes more impressive.

[0245] Furthermore, the light source includes the light
source preferably includes a second light emitter for emit-
ting red light and a third light emitter for emitting green
light.

[0246] That is, the light which is emitted by the first light
emitter and which affects the biorhythm is substantially blue.
Therefore, when the second light emitter and the third light
emitter are provided as in the foregoing arrangement, white
light can be produced by mixing the substantially blue light
emitted by the first emitter, the red light emitted by the
second light emitter, and the green light emitted by the third
light emitter.

[0247] Moreover, the white light is emitted from a light
source used in a commonly used display device. Therefore,
a simple arrangement in which the first light emitter, the
second light emitter, and the third light emitter are provided
as described above causes these light emitters to function as
a light source of a commonly used display device.

[0248] Furthermore, the light source may include a white
light emitter for emitting white light.

[0249] That is, the white light is emitted from a light
source used in a commonly used display device. Therefore,
according to the foregoing arrangement, a simple arrange-
ment in which a display device including a white light
emitter used as a normal light source is provided with the
first light emitter makes it possible to regulate a biorhythm.
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[0250] Furthermore, the light source preferably includes a
complementary light emitter for emitting light whose color
is substantially complementary to a color of light emitted by
the first light emitter.

[0251] That is, when the intensity of the light having
wavelength which affects the biorhythm is heightened, a
color balance of a display screen on which the image is
displayed may be disrupted. However, the complementary
light emitter is provided in the foregoing arrangement.
Therefore, by mixing light beams emitted from the first light
emitter and the complementary light emitter, white light is
produced, so that the color balance of the display screen
does not change.

[0252] Furthermore, in the display device of the foregoing
arrangement, it is preferable that a luminous intensity of the
complementary light emitter be controlled in accordance
with the luminous intensity of the first light emitter.

[0253] According to the foregoing arrangement, the lumi-
nous intensity of the complementary light emitter is con-
trolled in accordance with the luminous intensity of the first
light emitter. The complementary light emitter emits light
whose color is complementary to the color of the light
emitter. Therefore, controlling the luminous intensity of the
complementary light emitter in accordance with the lumi-
nous intensity of the first light emitter makes it possible to
appropriately control the color balance of the white light,
which is produced by mixing the light beams from the two
light emitters.

[0254] Therefore, it is possible to more appropriately
prevent the color balance of the display screen form being
disrupted depending on the luminous intensity of the first
light emitter.

[0255] Furthermore, the complementary light emitter is
preferably disposed next to the first light emitter.

[0256] According to the foregoing arrangement, the first
light emitter and the complementary light emitter are dis-
posed next to each other, so that light beams emitted from
the light emitters are efficiently mixed, thereby efficiently
producing white light. Therefore, it is possible to more
appropriately prevent the color balance of the display screen
from being disrupted depending on the luminous intensity of
the first light emitter.

[0257] Furthermore, the display device of the foregoing
arrangement preferably includes a fluorescent material for
emitting light whose color is substantially complementary to
a color of light emitted by the first light emitter.

[0258] According to the foregoing arrangement, the fluo-
rescent material emits the light whose color is substantially
complementary to the color of the light emitted by the first
light emitter, so that the fluorescent material brings about the
same effect as the complementary light emitter. Further,
there is no need to control a luminous intensity of the
fluorescent material, so that the arrangement of the display
device can be simplified.

[0259] Furthermore, at least one of the light emitters of the
light source may be a light-emitting diode or an electrolu-
minescent light emitter.

[0260] According to the foregoing arrangement, in a dis-
play device using as a light source a light-emitting diode or
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an electroluminescent light emitter, an image display section
such as a liquid crystal panel is irradiated with light from the
light source, thereby making it possible to regulate a bio-
rhythm.

[0261] In addition, a display device of the present inven-
tion may include a first light emitter for emitting light having
such a wavelength that affects a living organism and control
means for controlling a luminous intensity of the first light
emitter based on time information from time output means.

[0262] According to the foregoing arrangement, an inten-
sity of light having such a wavelength that affects a living
organism can be controlled based on time information
obtained by time output means.

[0263] Therefore, a luminous intensity of light which
affects a living organism can be adjusted in accordance with
time, thereby making it possible to regulate a biorhythm.

[0264] Furthermore, the display device of the present
invention is arranged such that the first light emitter emits
light having a peak wavelength in a range of 445 nm to 480
nm.

[0265] It is known that melatonin secretion is suppressed
by strongly emitting light having a peak wavelength of
approximately 445 nm to 480 nm. According to the forego-
ing arrangement, the first light emitter emits light having a
peak wavelength in the aforesaid range, so that melatonin
secretion is suppressed. This makes it possible to more
effectively regulate a biorhythm.

[0266] Furthermore, the display device of the present
invention may include a second light emitter for emitting red
light and a third light emitter for emitting green light.

[0267] According to the foregoing arrangement, sharp
color display can be performed by using the first light
emitter, the second light emitter, and the third light emitter.

[0268] Furthermore, the display device of the present
invention may be arranged so as to include a fourth light
emitter for emitting light whose color is complementary to
a color of light emitted by the first light emitter.

[0269] According to the foregoing arrangement, the fourth
light emitter emits light whose color is complementary to the
color of light emitted from the first light emitter. Therefore,
even when the first light emitter emits light with a high
intensity, it is possible to reduce a change in screen color
balance by causing the fourth light emitter to emit light with
an accordingly high intensity.

[0270] Furthermore, the display device of the present
invention may be arranged such that the fourth light emitter
is disposed next to the first light emitter.

[0271] According to the foregoing arrangement, the first
light emitter and the fourth light emitter are disposed next to
each other, so that colors of light beams emitted from these
two light emitters can be effectively mixed. This makes it
possible to prevent unevenness in colors on the screen.

[0272] Furthermore, the display device of the present
invention may be arranged such that the control means
controls a luminous intensity of the fourth light emitter in
accordance with the luminous intensity of the first light
emitter.
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[0273] According to the foregoing arrangement, the lumi-
nous intensity of the fourth light emitter is controlled in
accordance with the luminous intensity of the first light
emitter, so that a mixing ratio of respective colors of the first
and fourth light emitters can be adjusted. This achieves a
more ideal color balance on the screen.

[0274] Furthermore, the display device of the present
invention may be arranged such that the first light emitter is
included in lighting means for illuminating image display
means for displaying an image.

[0275] According to the foregoing arrangement, a liquid
crystal display or other displays commonly used as image
display means is provided with the first light emitter serving
as a light source of a backlight used as the lighting means.
This makes it possible to easily provide a display device
which regulates a biorhythm.

[0276] Furthermore, the display device of the present
invention may be arranged such that at least the first light
emitter, the second light emitter, and the third light emitter
form a pixel of the image display means for displaying an
image.

[0277] According to the foregoing arrangement, since the
first light emitter, the second light emitter, and the third light
emitter emit red light, green light, and blue light, respec-
tively, the image display means can serve as a light-emitting
display. Therefore, it is possible to provide a light-emitting
display capable of regulating a biorhythm.

[0278] Further, the display device of the present invention
may be arranged such that the control means changes the
luminous intensity of the first light emitter in accordance
with a control pattern selected by selection means from
among a plurality of control patterns stored in storage
means.

[0279] According to the foregoing arrangement, the stor-
age means stores control patterns of various luminous inten-
sities, the selection means selects a control pattern most
appropriate to a user’s daily rhythm, and the luminous
intensity of the first light emitter can be changed in accor-
dance with the selected control pattern.

[0280] Therefore, it is possible to more effectively regu-
late a biorhythm by setting a control pattern for each user of
the display device.

[0281] Further, the display device of the present invention
may be arranged such that the control means performs
control so that that the luminous intensity of the first light
emitter is heightened on rising of the user and in the daytime
and is lowered in the nighttime.

[0282] According to the foregoing arrangement, the user
can be more effectively awakened on rising and in the
daytime and the luminous intensity is weakened before the
user goes to bed. This reduces an effect on the user’s
biorhythm. Therefore, a biorhythm can be more effectively
regulated.

[0283] Preferably, the first light emitter, the second light
emitter, the third light emitter, and the fourth light emitter
are LEDs. When each of light emitters is an LED, the light
emitter can narrow down an emission wavelength, so that
such a wavelength that affects a living organism can be
accurately selected.
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[0284] Further, the first light emitter, the second light
emitter, the third light emitter, and the fourth light emitter
may be electroluminescent light emitters. An electrolumi-
nescent light emitter makes it possible to provide an organic
EL display capable of regulating a biorhythm.

[0285] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

INDUSTRIAL APPLICABILITY

[0286] The present invention can be applied to various
display devices such as monitors, television sets, displays
for mobile devices, and large-screen displays.

1. A display device for displaying an image by using light
of a light emitter, wherein:

the light emitter emits light having such a wavelength that
affects a biorhythm, and

an intensity of the light having the wavelength which
affects the biorhythm is increased or decreased at a
higher rate than an intensity of light having another
wavelength.

2. The display device according to claim 1, wherein the
intensity of the light having the wavelength is controlled
based on time information.

3. The display device according to claim 1, wherein the
intensity of the light having the wavelength is controlled
based on user instruction information set by a user.

4. The display device according to claim 1, wherein the
intensity of the light having the wavelength is controlled
based on contents information indicating what type of
program the image is.

5. The display device according to claim 1, wherein the
intensity of the light having the wavelength is controlled
based on ambient brightness.

6. The display device according to claim 1, comprising a
complementary light emitter for emitting light whose color
is substantially complementary to a color of the light having
the wavelength.

7. The display device according to claim 6, wherein a
luminous intensity of the complementary light emitter is
controlled in accordance with the intensity of the light
having the wavelength.

8. A display device comprising an image display section
for displaying an image, the image display section including
pixels each of which has a plurality of light emitters,
wherein:

the plurality of light emitters include a first light emitter
for emitting light having such a wavelength that affects
a biorhythm, and

a characteristic of a luminous intensity of the first light
emitter with respect to a video signal inputted into the
image display section is switched, so that an amount of
light of the first light emitter is increased or decreased
at a higher rate than another light emitter.

9. The display device according to claim 8, wherein the

light having the wavelength which affects the biorhythm is
light having a dominant wavelength of 445 nm to 480 nm.
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10. The display device according to claim 9, wherein the
characteristic of the luminous intensity of the first light
emitter with respect to the video signal is switched based on
time information.

11. The display device according to claim 9, wherein the
characteristic of the luminous intensity of the first light
emitter with respect to the video signal is switched based on
user instruction information set by a user.

12. The display device according to claim 9, wherein the
characteristic of the luminous intensity of the first light
emitter with respect to the video signal is switched based on
contents information indicating what type of program the
image is.

13. The display device according to claim 9, wherein the
characteristic of the luminous intensity of the first light
emitter with respect to the video signal is switched based on
ambient brightness.

14. The display device according to claim 9, wherein the
plurality of light emitters include a second light emitter for
emitting red light and a third light emitter for emitting green
light.

15. The display device according to claim 9, wherein the
plurality of light emitters include a complementary light
emitter for emitting light whose color is substantially
complementary to a color of light emitted by the first light
emitter.

16. The display device according to claim 15, wherein a
luminous intensity of the complementary light emitter is
controlled in accordance with the luminous intensity of the
first light emitter.

17. The display device according to claim 15, wherein the
complementary light emitter is disposed next to the first light
emitter.

18. The display device according to claim 9, wherein at
least one of the plurality of light emitters is a light-emitting
diode.

19. The display device according to claim 9, wherein at
least one of the plurality of light emitters is an electrolumi-
nescent light emitter.

20. A display device irradiating an image display section,
which is for displaying an image, with light from a light
source so as to cause the image display section to display the
image, wherein:

the light source includes a first light emitter for emitting
light having such a wavelength that affects a biorhythm,
and

a luminous intensity of the first light emitter is switched
so that an amount of light of the first light emitter is
increased or decreased at a higher rate than another
light emitter.

21. The display device according to claim 39, wherein the
light source includes a second light emitter for emitting red
light and a third light emitter for emitting green light.

22. The display device according to claim 39, wherein the
light source includes a white light emitter for emitting white
light.

23. (canceled)

24. (canceled)

25. The display device according to any one of claim 39,
comprising a complementary light emitter for emitting light
whose color is complementary to a color of light emitted by
the first light emitter.
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26. The display device according to claim 25, wherein a
luminous intensity of the complementary light emitter is
controlled in accordance with the luminous intensity of the
first light emitter.

27. The display device according to claim 25, wherein the
complementary light emitter is disposed next to the first light
emitter.

28. The display device according to claim 39, comprising
a phosphor for emitting light whose color is substantially
complementary to a color of light emitted by the first light
emitter.

29. The display device according to claim 39, wherein at
least one of the light emitters of the light source is a
light-emitting diode.

30. The display device according to claim 39, wherein at
least one of the light emitters of the light source is an
electroluminescent light emitter.

31. The display device according to claim 39, wherein the
luminous intensity of the first light emitter is controlled
based on time information.

32. The display device according to claim 39, wherein the
luminous intensity of the first light emitter is controlled
based on user instruction information set by a user.

33. The display device according to claim 39, wherein the
luminous intensity of the first light emitter is controlled
based on contents information indicating what type of
program the image is.

34. The display device according to claim 39, wherein the
luminous intensity of the first light emitter is controlled
based on ambient brightness.

35. A display device irradiating an image display section,
which is for displaying an image, with light from a light
source so as to cause the image display section to display the
image, the display device comprising:

a plurality of emission amount controlling means trans-
mittances are different from each other in a wavelength
band of 445 nm to 480 nm,

controlling of the plurality of emission amount control-
ling means causing an emission amount of the light
from the light source to change for each wavelength
band, so that the image display section is irradiated
with the light.

36. A display device for displaying an image by using

light of a light emitter, wherein:

the light emitter emits light having such a wavelength that

affects a biorhythm, and

an intensity of the light having the wavelength is changed
by selecting on a user’s instruction a target control
pattern from among a plurality of control patterns of
controlling the intensity of the light having the wave-
length, the plurality of control patterns corresponding
to times.
37. The display device according to claim 36, wherein the
plurality of control patterns are settable by the user.
38. A method for using a display device which displays an
image by using light of a light emitter, wherein:

the light emitter emits light having such a wavelength that

affects a biorhythm, and an intensity of the light having

the wavelength is controlled, so that the biorhythm is
regulated and the image is displayed.

39. The display device according to claim 20, wherein the

light having the wavelength which affects the biorhythm is

light having a dominant wavelength of 445 nm to 480 nm.
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40. A display device irradiating an image display section, a luminous intensity of the first light emitter is switchable
which is for displaying an image, with light from a light independently of the white light emitter.
source s0 as to cause the image display section to display the 41. The display device according to claim 40, wherein the
image, wherein: light having the wavelength which affects the biorhythm is
the light source consists of white light emitter for emitting light having a dominant wavelength of 445 nm to 480 nm.

white light and a first light emitter for emitting light
having such a wavelength that affects a biorhythm, and k% & %
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