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DESCRIPTION

ILLUMINATION SOURCE, ILLUMINATION SYSTEM, AND
DIMMING CONTROL METHOD FOR THE PRODUCTION OF
DIFFERENT COLOUR TEMPERATURES

Technical Field

The present invention relates to an illumination source,
and to an illumination system equipped with the illumination
source. The present invention further relates to a dimming

control method used in the illumination system.

Background Art

The Japan industrial standaxd (JIS): 29112 defines five
colors (color temperatures) for illumination light for an
illumination source. Among the five colors, an incandescent
lamp color (color temperature of 3000K), a neutral white color
(color temperature of 5000K), and a daylight color (color
temperature of 6700K) are frequently employed: for room
illumination.

Recently, illumination sources of which illuminationlight
color is variable have been developed (e.g. Published Japanese
Translation of a PCT application No. 2003-517705). Such an
illumination source is able to alter illumination color easily
in accordance with the season and the time of day. For example,
itAis possible to adopt a daylight color during summer because
the color looks cool, while adopting an incandescent lamp color
during winter becausé the color looks warm. On the other hand, ,
it is possible to adopt a daylight color while working because
the color is said to help improve the work efficiency, while

adopting an incandescent lamp color during a break because the
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color is relaxing.

One criterion used in evaluation of illumination light
quality is a color rendering characteristic. The color
rendering characteristic attempts to evaluate illumination
light in comparison with the natural light. Specifically, when
the color tone of an object upon which illumination light is
irradiated is close to that of natural light, th'é illumination
light is evaluated as having a favorable color rendering
characteristic. Usually, the color rendering characteristic
is represented by a general color rendering index Ra. When the
general color rendering index Ra indicates 90 or above, the
illumination light is evaluated as having a favorable color
rendering qharacteristic.

Currently, however, thereisno illﬁmination sourceof which
illumination light color is variable that has favorable color
rendering characteristics for all of an incandescent lamp color,
a neutral white color, and a daylight color. For example, when
an illumination source exhibits a favorable color rendering
characteristic for an incandescent lamp color, it exhibits an
unfavorable color rendering characteristicfora daylight color.
Conversely, when an illumination source exhibits a favorable
color rendering characteristic for adaylight color, it exhibits
an unfavorable color rendering characteristic for an
incandescent lamp color. :This means that if an illumination
source is designed to exhibit a favorable color rendering
characteristicforilluminationlightof loW color temperatures,
it will exhibit an unfavorable color rendering characteristic
forilluminationlight of highcolor temperatures, andconversely

when the illumination source is designed to exhibit a favorable
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color rendering characteristic for illumination light of high
color temperatures, it will exhibit an unfavorable color
rendering characteristic for illumination light of low color

temperatures.

Disclosure of the Invention

In view of the above-stated problem, the present invention
aims to provide an illumination source capable of outputting
illuminationlight at an incandescent lamp color, aneutral white
color, and a daylight color, and exhibiting favorable color
renderingcharacteristics forall thethreecolors. Thepresent
invention also aims to provide an illumination system equipped
with the illumination source, and a dimming control method used
in the illumination system.

So as to solve the above-described problem, an illumination
source relating to the present invention is an illumination
source capable of outputting illumination light at different
colo'r temperatures, including: a first light emitting device
operable to emit light in a first red; a second light emitting
device operable to emit light in a second red that is different
from the first red; and a third light emitting device operable
to emit light in a different color from the first red and from
the second red, and é fourth light emitting device operable to
emit light in a different color from any of the first red, the

second red, and the color of light emitted from the third light

‘emitting device, where the illumination light is outputted at

4

different color temperatures by adjusting luminous intensity
ratios of the first to fourth light emitting devices.

Here, “colortemperature”isavaluerepresentingarelative

3



10

15

20

25

WO 2006/062047 PCT/JP2005/022251

strength between blue light and red light contained in an
illumination sourceemittinglight of a certaincolor. Thecolor
temperature is represented by a blackbody temperature of a
perfect blackbody that emits light of the same color as emitted
by the illumination source.

“Luminous intensity ratio” is a ratio of luminous strength
of each liéht emitting device emitting a different one of all
the colors with respect to a luminous intensity of the entire
illumination source. Therefore, summation of all the luminous
intensity ratios of all the light emitting devices will yields
100%.

The illumination source relating to the present invention
has at least four light emitting devices that respectively emit
adifferent oneof colors, includingtwo typesof red. Therefore,
it is possible to generate illumination light having a targeted
color temperature by selecting one of the two types of red that
is more suitable for generating illumination light having a
favorable color rendering characteristic, thereby mixing the
selectedtypeof redwiththeothercolorsoflight. Accordingly,
thé illumination source of the present invention is capable of
outputting illumination light at the incandescent lamp color,
the neutral white color, and the daylight color, and also to
obtain favorable color rendering gharacteristics for all the

three colors.

Brief Description of the Drawings
FIG.1 is a perspective diagram showing an embodiment of
an illumination source relating to the present invention.

FIG.2 is a plan view showing an overview of an illumination

4
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source relating to a modification example 1.

FIG.3 is a plan view showing an overview of an illumination
source relating to a modification example 2.

FIG.4 is a plan view showing an overview of an illumination
source relating to a modification example ‘3.

FIG.5 is a diagram showing ‘light emission spectrums
respectively for a first red light emitting device and a second
red light emitting device.

FIG.6 is a diagram showing a light emission spectrum for
a blue light emitting device.

FIG.7 is a diagram showing a light emission spectrum for
a white light emitting device.

FIG.8 is a partly-broken perspective diagram showing an
embodiment of an illumination system relating to the present
invention.

FIG.9 is a diagram drawn to explain how the illumination
source and the lighting apparatus are connected to each other.

FIG.10 is a diagram drawn to explain how an illumination
source and a lighting apparatus are connected to each other in
an illumination system relating to a modification example.

FIG.1llshowsalightemissionspectrumofilluminationlight
for an incandescent lamp color.

FIG.1l2 showsalightemissionspectrumof illuminationlight
for a neutral white color.

FIG.l1l3showsalightemissionspectrumofilluminationlight
of a daylight color.

FIG.14 shows a result of measuring, by way of simulation,
the general.color rendering index Ra for illumination light

generated by mixing red light, blue light, and green light.
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FIG.15 shows a general color rendering index Ra for a case
where light having a particular peak wavelength is mixed with
illumination light having an incandescent lamp color.

FIG.16 shows a general color rendering index Ra for a case
where light having a particﬁlar peak wavelength is mixed with
illumination light having a neutral white color.

FIG.17 shows a general color rendering index Ra for a case
where light having a particular peak wavelength is mixed with
illumination light having a daylight - color.

FIG.18 is a diagram showing general color rendering indices
Ra of illumination sources.

FIG.19isadiagramshowing, for each light emittingdevice,
how the luminous intensity ratio is related to the general color

rendering index Ra.

Best Mode for Carrying Out the Invention

As follows, anilluminationsource, anilluminationsystem,
and a dimming control method, which relate to the present
invention, are described by way of an embodiment and with
reference to the drawings.

<Illumination source>

FIG.1l is a perspective diagram showing an embodiment of
an illumination source relating to the present invention. As
showan1FIG.1,anilluminationsource].reléting1x>thepresent
embodiment includes: a multilayer printed wiring board 2
(hereinafter simply “printed wiring board 2”); and four light
emitting devices 3-6 respectively emitting light in different
colors, the light emitting devices 3-6 being provided on the

printed wiring board 2.
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The light emitting devices 3-6 are specifically: a first
red light emitting device 3 that emits light in a first red;
a second red light emitting device 4 that emits light in a second
red; a blue light emitting device 5 that emits light in blue;
and a white light emitting device 6 that emits light in white.
The light emitting devices 3-6 are arranged with an appropriate
distance therebetween so that rays of light emitted from the.
light emitting devices 3-6 will be mixed to generate white
illumination light..

Note that among these colors of light emitted fromthe 1ight
emitting devices 3-6, the two colors other than the two types
of red (i.e. other than the first red and the second red) are
not limited to blue and white, as long as white illumination
light will result by mixture of all the light of colors emitted
from the light emitting devices 3-6. Other possible
combinations are: a combination of blue, green, and two types
of red; a combination of blue, yellow, and two types of red,
and so forth. |

It shouldbe alsonotedthat the number of the light emitting
devices 3-6 is not limited to one for each color. FIGs.2-4
respectively illustrate a plan view showing an overview of an
illumination source relating to a modification example. Just
as an illumination source 20 shown in FIG.2, for example, it
is possible to.provide a printed wiring board 21 with four sets
of first red light emitting device 3, second red light emitting
device 4, blue light emitting device 5, and white light emitting
device 6. Furthermore, just as an illumination source 30 shown
in FIG.3, it is also possible to provide a printed wiring board

31 with sixteen sets of first red 1ight emitting device 3, second
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red light emitting device 4, blue light emitting device 5, and
white light emitting device 6.

Furthermore, it is not necessary that the light emitting
devices 3-6 are provided in the same number for each of thecolors.
For example, just as an illumination source 40 shown in FIG.4,
it is possible to provide a printed wiring board 41 with more
white light emitting devices 6 than the other light emitting
devices 3-5 in number. The white light emitting device 6 is
set to have a higher luminous intensity ratio than that of the
other light emitting devices 3-5, regardless of the intended
color of the illumination 1light, i.e. whether the intended color
isanincandescent lampcolor, aneutral whitecolor, oradaylight
color. Therefore by increasing the number of the white light
emitting devices 6, the illumination light tends to have enhanced
luminous intensity.

Note that generally, the distance from the illumination
source 1 to an object of illumindtion is much longer than the
distance between the light emitting devices 3-6. Therefore the
rays of light from the light emitting devices 3-6 will be mixed

without particular attention paid to the distance between the

~light emitting devices 3-6 or to the arrangement of the light

emitting devices 3-6. However from a manufacturing point of
view and so forth, it is desirable that the light emittingdevices
3-6 be aligned regularly to some extent.

As FIG.1 shows, each of the light emitting devices 3-6 is
provided with a corresponding one of the LEDs 7-9 and a reflection
member 10. Note that the LEDs 7-9 may adopt several types such
as a lamp-type LED from which lead wire extends and a chip-type

LED being a chip component.
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The first red light emitting device 3 is provided with a
first red LED 7 having a 1ight emission peak wavelength of 625nm.
The light emitted from the first red light emitting device 3
has a light emission spectrum as shown by a solid line in FIG.5.
Note that the light emission peak wavelength of the first red
light emitting device 3 is not limited to 625nm, as long as it
lies within the range of. 610-700nm, and is different from the
light emission peak wavelength of the second red light emitting
device 4. It is desirable, however, that the light emission
peak wavelength of the first red light emitting device 3 lies
within the range of 620-630nm, for the purpose of generating
illumination light having a high general color rendering index
Ra.

The second red light emitting device 4 is provided with
a second red LED 8 having a light emission peak wavelength of
635nm. The light emitted from the second light emitting device
4 has a light emission spectrum as shown by a broken line in
FIG.5. Notethatthelightemissionpeakwavelengthofthesecond
red light emitting device 4 is not limited to 635nm, as long
as it lies within the range of 610-700nm, and is different from
the light emissionpeakwavelengthof the first redlightemitting
device 3. It is desirable, however, that the light emission
peak wavelength of the second red light emitting device 4 lies
within the range of 630-640nm, for the purpose of generating
illumination light having a high general color rendering index
Ra. ’

The blue light emitting device 5 is provided with a blue
LED 9 having a light emission peak wavelength of 460nm. The

light emitted from the blue light emitting device 5 has a light
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emission spectrumas showninFIG.7. Notethatthelightemission
peak wavelength is not limited to 460nm, as longas it lieswithin
the range of 455-465nm.

The white light emitting device 6 is provided with: a blue
LED 9 having a light emission peak wavelength of 460nm (same
type as used for the blue light emitting device 5); and a green
phosph‘br 11 providéd to cover the blue LED 9, the green phosphor
11 having a light emission peak wavelength of 550nm. In the
white light emitting device 6, part of the blue light emitted
from the blue LED 9 is converted to green light by means of the
green phosphor 11. The rest of the blue 1ight left unconverted
is mixed with the green light resulting from the conversion,
to generate white light havinga light emission spectrumas shown
in FIG. 6.'

Note that the blue LED 9 used for the white light emitting
device 6 may have a different light emission peak wavelength
from that of the blue LED 9 of the blue light emitting device
5. In addition, the light emission peak wavelength of the blue
LED 9 used for the white light emitting device 6 is not limited
to 460nm, as long as it lies within the range of 455-465nm.
Furthermore, the light emission peak wavelength of the green
phosphor 11 is not limited to 550nm, as long as it lies within
the range of 545—555nm.

In addition, the colors of light emitted from the LED and
the phosphor used for the white light emitting device 6 are not
}imitec_:l to a combination of blue and green respectively, as long
as they can generate white light by being mixed. For example,
other possible combinations are: a blue LED and a red phosphor

that is capable of converting the blue light emitted from the
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blue LED into red light; and a blue LED and a yellow phosphor
that is capable of converting the blue light emitted from the
blue LED into yellow light.

The illumination source 1 having the above structure is
able to vary the color of illumination light as appropriate,
by adjustment of the luminous intensity ratio for each of the
light emitting devices 3-6 with use of the lighting apparatus
detailed later, or with use of various other 1lighting
apparatuses.

<Illumination system>

FIG.8 is a partly-broken perspective diagram showing an
embodiment of an illumination system relating to the present
invention. Anillumination system 100 is usedas analternative
toageneral incandescent lamp. AsFIG.8 shows, theillumination
system100 includes: anillumination sourcel; areflection shade
101 for guiding the light from the illumination source 1 forward
(upper direction in the drawing) by reflecting the light; a
lighting apparatus 50 for causing the light emitting devices
3-6 in the illumination source 1 to emit light; a case 102 for
storing therein the lighting apparatus 50; and a base 103 being
the same size (same standard) as that used for the general
incandescent lamp.

The lighting apparatus 50 is connected to the illumination
source 1 via a lead wire 104, and also to the base 103 via lead
wires 105 and 106. The lighting apparatus 50 supplies electric
current inputted from an external commercial alternating power
source (not shown in the drawing) to the illumination source
1 via the base 103.

FIG.9 is a diagram drawn to explain how the illumination

11
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source and the lighting apparatus are connected to each other.
FIG.10 is a diagram drawn to explain how an illumination source
and a lighting apparatus are connected to each other in an
illumination system relating to a modification example. As
FIG.9 shows, the lighting apparatus 50 is equipped with: four
lighting circuits 51-54 respectively corresponding to the light
emitting devices 3-6; anda light controlunit 55 for controlling
the lighting circuits 51-54.

The lighting circuit 51 is connected to the first red light
emitting device 3 via a wiring pattern (not shown in the drawing)
of the printed wiring board 2. The lighting circuit 51 supplies
power to the first red light emitting device 3 to cause the device
3 to emit light.

The lighting circuit 52 is connected to the second red light
emitting device 4 via a wiring pattern (not shown in the drawing)
of the printed wiring board 2. The lighting circuit 52 supplies
power to the second red light emitting device 4 to cause the
device 4 to emit light.

The lighting circuit 53 is connected to the blue light
emitting device 5 via a wiring pattern (not shown in the drawing)
of the printed wiring board 2. The lighting circuit 53 supplies
power to the blue light emitting device 5 to cause the device
5 to emit light.

The lighting circuit 54 is connected to the white light
emitting device 6 via a wiring pattern (not shown in the drawing)
of the printed wiring board 2. The lighting circuit 54 supplies
power to the blue light emitting device 6 to cause the device
6 to emit light.

The light control unit 55 is connected to the lighting

12
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circuits 51-54. The light control unit 55 controls power supply
from the lighting circuits 51-54 to the light emitting devices
3-6, thereby adjusting the luminous intensity ratios of the 1ight
emittingdevices 3-6. Notethat thementionedcontrol performed
by the light control unit 55 includes a case of controlling any
of the luminous intensity ratios down to 0% thereby completely
stopping illumination of a corresponding one of the:light
emitting devices 3-6.

FIG.10 shows an illumination source 60 in which several
sets of light emitting devices 3-6 are provided on a printed
wiring board 61. In this case, of the light emitting devices
3-6, light emitting devices having a same color are connected
in series first and then are connected to a corresponding one
of the lighting circuits 51-54.

FIG.11showsalightemissionspectrumofilluminationlight
for an incandescent color. FIG.12 shows a light emission
spectrumof illumination light foraneutralwhitecolor. FIG.13
shows a light emission spectrum of illumination light of a
daylight color.

The illumination system 100, having the above structure,
is able to generate illumination light of an incandescent lamp
color having a general color rendering index Ra of 95 and having
the light emission spectrum as shown in FIG.11, if the luminous
intensity ratios are set as follows: 22.1% for the first red
light emitting device 3; 0% for the second red light emitting
device 4; 0.6% for the blue light emitting device 5; and 77.3%
for the white light emitting device 6.

On the other hand, if the luminous intensity ratios are

set as follows: 0% for the first red light emitting device 3;
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9.5% for the second red light emitting device 4; 2.9% for the
blue light emitting device 5; and 87.6% for the white light
emitting device 6, then the illumination system 100 is able to
generate illumination light of a neutral white color having a
general color rendering index Ra csf 93 and having the light
emission spectrum as shown in FIG.12.

Furthermore, if the luminous inténsity ratios are set as
follows: 0% for the first red light emitting device 3; 6.3% for
the second red light emitting device 4; 4.7% for the blue light
emitting device 5; and 89.0% for the white light emitting device
6, then the illumination system 100 is able to generate
illumination light of a daylight color having a general color
rendering index Ra of 90 and having the light emission spectrum
as shown in FIG.13.

It is also possible to generate illumination light by
causing the first red light emitting device 3 and the second
red light emitting device 4 to emit light simultaneously. For
example, if the luminous intensity ratios are set as follows:
16% for the first red light emitting device 3; 5% for the second
red light emittingdevice 4; 1% for theblue light emitting device
5; and 78% for the white light emitting device 6, then the
illumination system 100 is able to generate illumination light
of an incandescent lamp color having a general color rendering
index Ra of 96.

<Dimming control method for the illumination system>

FIG.14 shows a result of measuring, by way of simulation,
the general color rendering index Ra for illumination light
generated by mixing red light, blue light, and green light.

In the simulation, the light emission peak wavelength for

14



10

15

20

25

WO 2006/062047 PCT/JP2005/022251

red light was set to 620nm, 625nm, 630nm, 635nm, and 640nm. In
addition, the light emission peak wavelength for blue light was
set to 460nm, and the light emission peak wavelength for green
light was set to 550nm.

The general color rendering index Ra was measured for the
cases where the color temperatures are 3000K, 4000K, 5000K, 6000K,
and 7000K, respecti&ely.

As shown in FIG.14, for the case of an incandescent lamp
color (i.e. color temperature of 3000K), when the light emission
peak wavelength for red light is set to 635nm or to 640nm, the
general color rendering index Ra results in less than 90. On
the other hand,‘ for the case of a neutral white color (i.e. color
temperature of 5000K), when the light emission peak wavelength
for red light is set to 620nm or to 625 nm, the general color
rendering index Ra results in less than 90. Furthermore, for
the case of a daylight color (i.e. color temperature of 6700K),
when the light emission peak wavelength for red light is set
to any one of 620nm, 625nm, 630nm, and 635nm, the general color
rendering index Ra results in less than 90.

From this simulation result, it turns out that, if using
only one kind of red light, it is difficult to obtain general
color rendering index Ra of 90 or above for all the incandescent
lamp color, the neutral white color, and the daylight color.
However if two kinds of red light are used instead (specifically,
by using red light having a light emission peak wavelength of
620-630nm for t’he incandescent lamp color; andby using red light
having a light emission peak wavelength of 630-640nm for the
daylight color), it is possible toobtaingeneral color rendering

index Ra of 90 or above for all the incandescent lamp color,
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the neutral white color, and the daylight color.

Therefore, it can be said that two kinds of red light are
necessary for obtaining general color rendering index Ra of 90
or above for all the incandescent lamp color, the neutral white
color, and the daylight color.

FIG.15 shows a general color rendering index Ra for a case
whére light having a particular peak wavelength is mixed with
illumination light having an incandescent lamp color. FIG.16
shows a general color rendering index Ra for a case where light
having a particular peak wavelength is mixed with illumination
light having a neutral white color. FIG.17 shows a general color
rendering index Ra for a case where light having a particular
peak wavelength is mixed with illumination light having a
daylight color.

As shown in FIG.15, the general color rendering index Ra
is 95 for illumination light having an incandescent lamp color,
which is generated by mixing red light having a light emission
peak wavelength of 625nm, blue light having a light emission
peak wavelength of 460nm, and green light havinga light emission
peak wavelength of 550nm. If light having a peak wavelength
in the range of 380-780nm is mixed with the above-mentioned
illumination light havingan incandescent lampcolor, thegeneral
color rendering index Ra changes as shown in FIG.15. As isclear
from FIG.15, if light having any wavelength is mixed with the
illuminationlight havinganincandescent lampcolor, thegeneral
color rendering index Ra will never exceed 95. This means that
it is not necessary to use any second red light in the case of
incandescent lamp color.

As shown in FIG.16, the general color rendering index Ra

16
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is 89 for illumination light having a neutral white color, which
is generated by mixing red light having a light emission peak
wavelength of 625nm, blue light having a light emission peak
wavelength of 460nm, and green light having a light emission
peak wavelength of 550nm. If light having a peak wavelength
in the range of 380-780nm is mixed with the above-mentioned
illumination light having a neutral white color, the general
color rendering index Ra changes as shown in FIG.16. Asisclear
from FIG.16, if light having wavelength within the range of
610-700nm is mixed with the illumination light having a neutral
white color, the general color rendering index Ra will exceed
89 being the original value. This means that it is effective
tomix a second red light having a 1ight emission peak wavelength
within the range of 610-700nm, for enhancing the general color
rendering index Ra in the case of neutral white color.

As shown in FIG.17, the general color rendering index Ra
is 86 for illumination light having a daylight color, which is
genérated by mixing red light having a light emission peak
wavelength of 625nm, blue light having a light emission peak
wavelength of 460nm, and green light having a light emission
peak wavelength of 550nm. If light having a peak wavelength
in the range of 380-780nm is mixed with the above-mentioned
illumination light having a daylight color, the general color
rendering index Ra changes as shown in FIG.17. As isclear from
FIG.17, if 1light having wavelength within the range of 610-710nm
ismixedwiththeillumination light havinganeutralwhitecolor,
the general color rendering index Ra will exceed 86 being the
original value. This means that it is effective tomix a second

red light having a light emission peak wavelength within the
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range of 610-710nm, for enhancing the general color rendering
index Ra in the case of daylight color.

From the above discussion, it can be said that if a second
red light having a light emission peak wavelength within the
range of 610-700nm is mixed with illumination light generated
by mixing red 1ight, blue light, and green light, it is effective
for obtaining favorable color rendering characteristics for all
‘the incandescent lamp color, the neutral white color, and the
daylight color.

Such an 1llumination source was actually produced, and the
general color rendering index Raof illumination light outputted
by the illumination source was measured. The result is shown
in FIG.18.

First, the general color rendering index Ra of illumination
light outputted froman illumination source 1 wasmeasured, where
the illumination source 1 is equipped with: a first red light
emitting device 3 having a first red LED 7 whose light emission
peak wavelength is 625nm; a second red light emitting device
4 having a second red LED 8 whose light emission peak wavelength
is 635nm; a blue light emitting device 5 having a blue LED 9
whose light emission peak wavelength is 460nm; and white light
emitting device 6 having a blue LED 9 whose light emission peak
wavelength is 460nm and a green phosphor 11 whose light emission
peak wavelength is 550nm.

Further, by changing the light emission peak wavelength
of the LEDé 7-9 and the green phosphor 11 one by one, the general
color rendering index Ra of illumination light emitted from the
illumination source was measured.

As shown in the judgment column of FIG.18, any illumination
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source exhibiting the general color rendering index Ra of 90
or above for all the three colors of incandescent lamp color,
neutral white color, and daylight color is judged favorable
(shown by the sign “0” in the drawing). Any illumination source
that cannot be judged favorable, but still exhibits the general
color rendering index Ra of 85 or above for all the three colors
is judged fair (shown by the sign “A” in the drawing) . further,
anyilluminationsourcethatexhibitsthegeneralcolorrenderiﬁg
index Ra of less than 85 for any of the three colors is judged
unfavorable (shown by the sign “x” in the drawing).

As described earlier, it is preferable to obtain a color
rendering index Ra of 90 or above. However, if an illumination
source exhibits the general color rendering index Ra of 85 or
above, then the value is modifiable to 90 or above by changing
the light emission peak wavelength of any of the LEDs 7-9 and
the green phosphor 11. For example, when the blue LED 9 of the
white lightemittingdevice 6hasalight emissionpeakwavelength
of 455nm, the general color rendering index Ra 1s 89 for a neutral
white color (color temperature of 5000K) . However in this case,
the value of 89 was modified to 90 or above successfully, by
changing the light emission peak wavelength of the LEDs 7-9 of
the first red light emitting device 3, the second red light
emitting device 4, and the blue light emitting device 5.

Accordingly, it canbe saidthat the general color rendering
index Ra will be 90 or above for all the three colors of
incandescentlampcolor,neutralwhitecolor,and?aylightcolor,

if the following five conditions are satisfied.

(Five conditions)
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1. Light emission peak wavelength of the first red LED 7 of
the first red light emitting device 3 is set within the range
of 620-630nm.

2. Light emission peak wavelength of the second red LED 8 of
the second red light emitting device 4 is set within the
range of 630-640nm.

3. Light emission peak wavelength éf the blue LED 9 of the blue
light emitting device 5 is set within the range of 455-465nm.

4. Light emission peak wavelength of the blue LED 9 of the white
light emitting device 6 is set within the range of 455-465nm.

5. Light emission peak wavelength of the green phosphor 11 of
the white light emitting device 6 is set within the range

of 545-555nm.

Next, by changing the luminous intensity ratio of each of
the light emitting devices 3-6 to various values, the general
color rendering index Ra of illumination light generated by the
illumination source 1 was measured. The result 1is shown in
FIG.19.

As shown in the judgment column of FIG.19, if the general
color rendering index Ra shows 90 or above, then corresponding
illumination light is judged favorable (shown by the sign “o”
in the drawing). If the general color rendering index Ra shows
less than 90, then corresponding illumination light is judged
unfavorable (shown by the sign “x” in the drawing).

If the luminous intensity’ratio of eachof thelightemitting
devices 3-6 is adjusted to the range judged favorable (shown
by the sign “o” in the drawing), resulting illumination light

will have 90 or more of the general color rendering index Ra
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of illumination light.

Specifically, for illumination light having an
incandescent lamp color, the general color rendering index Ra
of 90 or above is obtained if the following conditions are
satisfied, namely: the luminous intensity ratio for the first
red light emitting device 3 lies within the range of 3.0-22.1%;

the luminous intensity ratio for the second red light emitting

.device 4 lies within the range of 0-16.8%; the luminous intensity

ratio for the blue light emitting device 5 lies within the range
of 0.5-0.6%; and the luminous intensity ratio for thewhite light
emitting device 6 lies within the range of 77.3-79.7%.

Furthermore, for illumination light having a neutral white
color, the general color rendering index Ra of 90 or above is
obtainedjjfthéfollowingcmnditionsaresatisfied,namely:the
luminous intensity ratio for the first red light emitting device
3 lies within the range of 0-7.9%; the luminous intensity ratio
for the second red light emitting device 4 lies within the range
of 2.5-9.5%; the luminous intensity ratio for the blue light
emitting device 5 lies within the range of 2.9-3.2%; and the
luminous intensity ratio for the white light emitting device
6 lies within the range of 86.4-87.6%.

Still Further, for illumination light having a daylight
color, the general color rendering index Ra of 90 or above is
obtained if the following conditions are satisfied, namely: the
luminous intensity ratio for the first red light emitting device
3 lies with%n.the range of 0-1.4%; the luminous intensity ratio
for the second red light emitting device 4 lies within the range
of 5.1-6.3%; the luminous intensity ratio for the blue light

emitting device 5 lies within the range of 4.7-5.0%; and the
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luminous intensity ratio for the white light emitting device

6 lies within the range of 88.5-89.0%.

Industrial Applicability

An illumination source, an illumination system, and a
dimming control method, which relate to the present invention,
"are applicable for such purposes as indoor illumination, outdoor

illumination, and illumination for image reading.
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CLAIMS

1. An illumination source capable of outputting illumination
light at different color temperatures, comprising:

a first light emitting device operable to emit light in
a first red; |

a second light emitting device operable to emit light in
a second red that is different from the first red; and

a third light emitting device operable to emit light in
a different color from the first red and from the second red,
and

a fourth light emitting device operable to emit light in
a different color from any of the first red, the second red,
and the color of light emitted from the third light emitting
device, wherein

the illumination light is outputted at different color
temperatures by adjusting luminous intensity ratios of the first

to fourth light emitting devices.

2. The illumination source of Claim 1, wherein
the first light emitting device and the second light
emitting device respectively have light emission peak

wavelengths within a range of 610nm to 700nm, inclusive.

3. The illumination source of Claim 1, wherein

the first light emitting device has a light emission peak
wavelength within a range of 620nm to 630nm, inclusive, and the
second light emitting device has a light emission peak wavelength

within a range of 630nm to 640nm, inclusive.
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4, The illumination source of Claim 1, wherein

each of the first to fourth light emitting devices has an

LED.
5. The illumination source of Claim 2, wherein

each of the first to fourth light emitting devices has an
LED.
6. The illumination source of Claim 3, wherein

each of the first to fourth light emitting devices has an
LED.
7. An illumination source capable of outputting i1lumination

light at different color temperatures, comprising:

a first red light emitting device having a first red LED
whose light emissionpeak wavelength lieswithin a range of 620nm
to 630nm, inclusive;

a second red light emitting device having a second red LED
whose light emission peak wavelength lieswithin a range of 630nm
to 640nm, inclusive;

a blue light emitting device having a blue LED whose light
emission peak wavelength lies within a range of 455nm to 465nm,
inclusive; and

awhite light emitting device having a blue LED whose 1ight
emission peak wavelength lies within a range of 455nm to 465nm,
inclusive, and a green phosphor whose light emission peak
wavelength lies within a range of 545nm to 555nm, inclusive,

the white light emitting device generating white light by mixing
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blue light emitted from the blue LED and green light emitted
from the green phosphor, wherein

the illumination light is outputted at different color
temperatures by adjusting luminous intensity ratios of the first
red light emitting device, the second red light emitting device,
the blue light emitting device, and the white light emitting

device.

8. An illumination system comprising:

an illﬁmination source of Claim 1; and

a lighting apparatus operable to control power to the first
to fourth light emitting devices, respectively, thereby causing
the first to fourth light emitting devices to emit light in

respective luminous intensities.

9. An illumination system comprising:

an illumination source of Claim 7; and

a lighting apparatus operable to control power to the first
red light emitting device, the second red light emitting device,
the blue light emitting device, and the white light emitting
device, respectively, thereby causing the first red light
emitting device, the second red light emitting device, the blue
light emitting device, and the white light emitting device to

emit light in respective luminous intensities.

10. An illumination system comprising:
an illumination source of Claim 7; and
a lighting apparatus operable to control power to the first

red light emitting device, the second red light emitting device,
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the blue light emitting device, and the white light emitting
device, respectively, thereby causing the first red 1light
emitting device, the second red light emitting device, the blue
light emitting device, and the white light emitting device to
emit light in respective luminous intensities, wherein
so as to cause the illumination light to have a color
temperature of 3000K, the lighting apparatus adjusts: the first
red light emitting device to have a luminous intensity ratio
within a range of 3.0% to 22.1%, inclusive; the second red light
emitting device to have a luminous intensity ratiowithin a range
of 0% to 16.8%, inclusive; the blue light emitting device to
have a luminous intensity ratio within a range of 0.5% to 0.6%,
inclusive; and the white light emitting device to have a luminous
intensity ratio within a range of 77.3% to 79.7%, inclusive,
so as to cause the illumination light to have a color
temperature of 5000K, the lighting apparatus adjusts: the first
red light emitting device to have a luminous intensity ratio
within a range of 0% to 7.9%, inclusive; the second red light
emitting device to have a luminous intensity ratiowithin a range
of 2.5% to 9.5%, inclusive; the blue light emitting device to
have a luminous intensity ratio within a range of 2.9% to 3.2%,
inclusive; and the white light emitting device to have a luminous
intensity ratio within a range of 86.4% to 87.6%, inclusive,
so as to cause the illumination light to have a color
temperature of 6700K, the lighting apparatus adjusts: the first
red light emitting device to have a luminous intensity ratio
within a range of 0% to 1.4%, inclusive; the second red light
emitting device to have a luminous intensity ratiowithin a range

of 5.1% to 6.3%, inclusive; the blue light emitting device to
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have a luminous intensity ratio within a range of 4.7% to 5.0%,
inclusive; and the white light emitting device to have a luminous

intensity ratio within a range of 88.5% to 89.0%, inclusive.

11. A dimming control method used in an illumination system,
the illumination system including an illumination socurce and
a lighting ap’baratus, the illumination source capable of
outputting illumination light at different color temperatures
by adjustment of luminous intensity ratios of a plurality of
lightemittingdevices, andthelightingapparatusbeingoperable
to control power to the light emitting devices respectively
thereby causing the light emitting devices to emit light in
respective luminous intensities, wherein

each of the light emitting devices emits light in a
corresponding one of at least four colors, the at least four
colors including a first red and a second red that is different

from the first red.
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