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(57) ABSTRACT

A light emitting apparatus of the present invention is config-
ured such that first and second light emitting sections are
provided on a substrate (101) so as to be adjacent to each
other, the first light emitting section being made up of (i) at
least one blue LED chip (102) and (ii) a resin layer which
covers the at least one blue LED chip (102) and in which ared
phosphor is dispersed that emits red light upon receipt of
excitation light from the at least one blue LED chip (102), the
second light emitting section being made up of at least one
LED chip (102). This makes it possible to easily adjust, with
a simple and compact configuration, a ratio between a quan-
tity of blue light and a quantity of red light.
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FIG. 1

100:LIGHT EMITTING
APPARATUS

105:FIRST RESIN DAM (RESIN FRAME)
106:SECOND RESIN DAM (RESIN DIVIDING WALL)
107:PHOSPHOR-CONTAINING RESIN LAYER
109:RED PHOSPHOR 111:ELECTRODE LAND

110:ELECTRODE LAND

- 114:WIRE

/ / 113:ELECTRODE LAND

i
!

112 ELECTRODE /
LAND/ 108:L|GHT-PERMEABLE RESIN LAYER

; 102:BLUE LED CHIP
[ 103:WIRE

104:PRINTED RESISTIVE ELEMENT
(PROTECTIVE ELEMENT)

101:SUBSTRATE



Patent Application Publication  Nov. 20, 2014 Sheet 2 of 14 US 2014/0340890 A1

FIG. 2
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FIG. 4
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FIG. 6
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FIG. 8
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FIG. 9
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FIG. 11
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LIGHT EMITTING APPARATUS AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to (i) a light emitting
apparatus capable of emitting light having a plurality of spec-
tra and (ii) a method of manufacturing the light emitting
apparatus. Particularly, the present invention relates to (i) a
light emitting apparatus capable of efficiently cultivating or
culturing a specific photosynthetic living thing and (ii) a
method of manufacturing the light emitting apparatus.

BACKGROUND ART

[0002] In recent years, light emitting apparatuses employ-
ing plural kinds of LEDs have been used as light sources for
plant cultivation. In order to efficiently grow plants, it is
preferable to use compound light rather than monochromatic
light.

[0003] In view of this, as a method for generating com-
pound light, the following methods have been conventionally
known: a method for generating compound light by a com-
bination of a red LED, a blue LED, and a green LED; and a
method for generating compound light by a combination of a
blue LED and a phosphor.

[0004] For example, Patent Literature 1 discloses a light
emitting apparatus 401 for plant cultivation which is config-
ured such that plural kinds of LEDs 407, each emitting light
of a different spectrum, are provided on a substrate 405 (see
(a) of FIG. 14). According to the light emitting apparatus 401,
the plural kinds of LEDs 407 are provided so as to emit light
toward a target plant.

[0005] Further, Patent Literature 2 discloses, as a light
emitting apparatus for plant cultivation, a cover 501 of a
cultivation container which cover 501 is configured such that
red LEDs 502 and blue LEDs 503 are provided on a substrate
(see (b) of FIG. 14). According to the cover 501, it is possible
to control a ratio between a quantity of light from the red
LEDs 502 and a quantity of light from the blue LEDs 503 in
accordance with a species of a plant. For example, the cover
501 is arranged such that the quantity of light from the blue
LEDs 503 is not exceed 50% of the quantity of light from the
red LEDs 502. The red LEDs 502 are used solely, depending
on a plant.

CITATION LIST

Patent Literatures

[0006] Patent Literature 1
[0007] Japanese Patent Application Publication, Tokukai,
No. 2004-344114 A (Publication Date: Dec. 9, 2004)

[0008] Patent Literature 2
[0009] Japanese Patent Application Publication, Toku-
kaihei, No. 9-252651 A (Publication Date: Sep. 30, 1997)
SUMMARY OF INVENTION
Technical Problem

[0010] However, conventional light emitting apparatuses
for plant cultivation employing red LEDs and blue LEDs have
the following problems (1) and (2).

[0011] (1) Depending on a target plant, it is necessary to
control a ratio between a quantity of light in a blue region and
a quantity of light in a red region. In a case where the quan-
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tities of light in the blue region and the red region are con-
trolled by changing the number of the blue LEDs or the red
LEDs, the ratio deviates from a predetermined ratio when the
blue LEDs and the red LEDs are used for a long time due to
a difference in deterioration characteristic between the blue
LEDs and the red LEDs.

[0012] (2) It is difficult to mix colors of light from the blue
LEDs and the red LEDs and, accordingly, difficult to obtain
mixed-color light necessary for plant cultivation. Specifi-
cally, in a case where a plurality of blue LEDs and a plurality
of red LEDs are used, it is extremely difficult to realize
spatially uniform mixed-color light while satisfying a prede-
termined light quantity ratio.

[0013] Further, in order to arrange the quantity of light from
the blue LEDs not to be exceed 50% of the quantity of light
from the red LEDs as in Patent Literature 2, it is necessary to
take the following steps (A) through (C), for example.
[0014] (A) The red LEDs are caused to emit bright light (a
drive current is increased).

[0015] (B)Thenumberof LED chips to be provided in each
of'the LED is increased.

[0016] (C) The number of the red LEDs is increased.
[0017] However, in a case of (A), deterioration character-
istics of the blue LED chips and the red LED chips become
more different and, accordingly, deviation of the light quan-
tity ratio becomes larger when the blue LED chips and the red
LED chips are used for a long time. Further, in a case where
the quantities of light are electrically controlled, it is neces-
sary to provide an electric driving circuit and the like. This
results in that a configuration of a light emitting apparatus
becomes complicated.

[0018] Inacaseof(B),cachofthe red LEDs becomes large
in size. It therefore becomes difficult to control wide-angle
directional characteristics, for example.

[0019] Inacase of (C), the number ofthe blue LEDs is low.
Therefore, even if the blue LEDs are evenly arranged or the
blue LEDs are ones each having a wide-angle directional
characteristic, red light and blue light are not sufficiently
mixed and thus color unevenness may be likely to occur.
[0020] The present invention has been made in view of the
above problems, and an object of the present invention is to
provide (i) alight emitting apparatus capable of, with a simple
and compact configuration, easily adjusting a ratio between a
quantity of blue light and a quantity of red light, and (ii) a
method of manufacturing the light emitting apparatus.

Solution to Problem

[0021] In order to attain the above object, a light emitting
apparatus of the present invention includes: a substrate; and
first and second light emitting sections provided on the sub-
strate so as to be adjacent to each other, the first light emitting
section being made up of (i) at least one first blue LED chip
which emits blue light and (ii) a resin which covers the at least
one first blue LED chip and in which a red phosphor is
dispersed that emits red light upon receipt of excitation light
from the at least one first blue LED chip, the second light
emitting section being made up of at least one second blue
LED chip which emits blue light.

[0022] According to the above configuration, the blue light
has an optical element whose wavelength falls within a range
01380 nm to 550 nm in a visible light region (ranging of 380
nm to 800 nm). Further, the red light has an optical element
whose wavelength falls within a range of 550 nm to 800 nm in
the visible light region.
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[0023] According to the above configuration, by adjusting a
concentration of the red phosphor in the resin in the first light
emitting section, it is possible to adjust quantities of blue light
and red light. This allows an improvement in mixture of blue
light and red light. Further, the first light emitting section is
capable of emitting both red light and blue light. It is therefore
possible to easily adjust, with a simple and compact configu-
ration, a ratio between a quantity of blue light and a quantity
of red light.

[0024] Moreover, the second light emitting section, made
up of only the blue LED chip, is provided so as to be adjacent
to the first light emitting section. This makes it possible to use
(1) the first light emitting section mainly for emitting red light
and (ii) the second light emitting section mainly for emitting
blue light, and possible to independently control the first light
emitting section and the second light emitting section. It is
therefore possible to easily adjust quantities of blue light and
red light. As a result, regarding mixed-color light generated
by the first light emitting section and the second light emitting
section, it is possible to freely change a ratio between blue
light and red light, and accordingly possible to improve mix-
ture of red light and blue light.

[0025] Further, the first light emitting section and the sec-
ond light emitting section are each made up of only the blue
LED chip identical in deterioration characteristic. Accord-
ingly, the blue LED chips similarly deteriorate when the blue
LED chips are used for a long time. Therefore, such a problem
does not occur that, as in conventional techniques, deviation
of'the light quantity ratio becomes larger when the blue LED
chips are used for a long time.

[0026] Further, the red phosphor is used as a light source of
red light, instead of a red LED chip, which is low in luminous
efficiency. This allows a reduction in costs, and allows the
light emitting apparatus of the present invention to have con-
siderably improved life, as compared with a light emitting
apparatus using a red LED chip. Further, use of no red LED
chip, which is poor in temperature characteristic, allows an
improvement in temperature characteristic.

[0027] Further, the red phosphoris dispersed in an identical
region in which the blue LED chip, which has good luminous
efficiency, is provided. It is therefore possible to provide a
light emitting apparatus which emits further improved mixed-
color light and which has much smaller installation areas for
light emitting sections.

[0028] A method for manufacturing a light emitting appa-
ratus of the present invention includes the steps of: (a) bond-
ing, to a substrate, a plurality of blue LED chips each of which
emits blue light; and (b) forming a phosphor-containing resin
layer, which constitutes a first light emitting section, in a first
region on the substrate so that the phosphor-containing resin
layer seals, with a resin, at least one of the plurality of blue
LED chips which one is provided in the first region, in which
resin a red phosphor is dispersed that emits red light upon
receipt of excitation light from the at least one of the plurality
of'blue LED chips, wherein a light emitting section, made up
of at least one of the plurality of blue LED chips which one is
provided in a second region adjacent to the first region on the
substrate, serves as a second light emitting section.

[0029] According to the above configuration, it is possible
to form the mixed light emitting section in which the red
phosphor is dispersed, and therefore possible to manufacture
a light emitting apparatus capable of easily adjusting red and
blue optical elements and accordingly emitting further
improved mixed-color light.
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[0030] Further, the light emitting apparatus is configured to
emit red light with the use of the blue LED chip which has
good luminous efficiency. Therefore, it is possible to (i) effi-
ciently emit blue light and red light, (ii) prevent an increase in
installation area of the light emitting sections, and (iii) sup-
press manufacturing costs.

Advantageous Effects of Invention

[0031] According to the present invention, it is possible to
provide a light emitting apparatus including: a substrate; and
aplurality of light emitting sections provided on the substrate,
the plurality of light emitting sections including at least a first
light emitting section and a second light emitting section
provided so as to be adjacent to each other, the first light
emitting section being made up of (i) at least one first blue
LED chip which emits blue light and (ii) a resin layer which
covers the at least one first blue LED chip and in which a red
phosphor is dispersed that emits red light upon receipt of
excitation light from the at least one first blue LED chip, the
second light emitting section being made up of at least one
second blue LED chip which emits blue light. Furthermore,
according to the present invention, it is possible to provide a
method of manufacturing a light emitting apparatus. Accord-
ing to the light emitting apparatus of the present invention, it
is possible to independently control (i) the first light emitting
section so as to emit blue light and red light and (ii) the second
light emitting section so as to emit blue light. Further, it is
possible to easily adjust a ratio between a quantity of blue
light and a quantity of red light although the light emitting
apparatus has only a simple configuration and its LEDs
occupy a small area. Moreover, according to the light emitting
apparatus of the present invention, the plurality of light emit-
ting sections are formed, for example, so as to be convoluted.
It is therefore possible to obtain further improved mixed-
color light.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1is a plane view illustrating an example con-
figuration of a light emitting surface of a spiral-type light
emitting apparatus in accordance with Embodiment 1 of the
present invention.

[0033] FIG. 2 is a plane view illustrating an example con-
figuration of a light emitting surface of a horizontally-striped-
type light emitting apparatus in accordance with Embodiment
2 of the present invention.

[0034] FIG. 3 is a plane view illustrating an example con-
figuration of a light emitting surface of a cross-type light
emitting apparatus in accordance with Embodiment 3 of the
present invention.

[0035] FIG. 4 is a plane view illustrating an example con-
figuration of a light emitting surface of a double circle-type
light emitting apparatus in accordance with Embodiment 4 of
the present invention.

[0036] FIG. 5 is cross-sectional views each illustrating an
example configuration of a substrate-type light emitting
apparatus using a premised technique of the present inven-
tion. (a) of FIG. 5 is a cross-sectional view illustrating red
phosphors. (b) of FIG. 5 is a cross-sectional view illustrating
an aspect of the substrate-type light emitting apparatus using
the premised technique.

[0037] (a) of FIG. 6 is a plane view illustrating a configu-
ration of the light emitting apparatus using the premised
technique in which apparatus a resin layer has not been
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formed. (b) of FIG. 6 is a plane view illustrating a configura-
tion of the light emitting apparatus using the premised tech-
nique in which apparatus the resin layer has been formed.
[0038] FIG. 7 is graphs each illustrating an emission spec-
trum according to a compound ratio between a resin and the
red phosphors of the light emitting apparatus using the pre-
mised technique. (a) of FIG. 7 is a graph observed in a case
where the compound ratio between the resin and the red
phosphors is 1:0.05. (b) of FIG. 7 is a graph observed in a case
where the compound ratio between the resin and the red
phosphors is 1:0.10. (¢) of FIG. 7 is a graph observed in a case
where the compound ratio between the resin and the red
phosphors is 1:0.15. (d) of FIG. 7 is a graph observed in a case
where the compound ratio between the resin and the red
phosphors is 1:0.20.

[0039] FIG. 8 is a view illustrating (i) absorption spectra of
chlorophyll and (i1) example applications of the light emitting
apparatus using the premised technique.

[0040] FIG. 9 is a graph illustrating a temperature charac-
teristic of the light emitting apparatus using the premised
technique in comparison with and a temperature characteris-
tic of a conventional light emitting apparatus.

[0041] (a) and (b) of FIG. 10 are each a plane view illus-
trating a configuration of a light emitting apparatus for illu-
mination using the premised technique. (¢) of FIG. 10 is a
graph illustrating an emission spectrum of light from the light
emitting apparatus for illumination using the premised tech-
nique.

[0042] FIG. 11 is an explanatory diagram illustrating an
example application, to a plant factory, of the light emitting
apparatus using the premised technique.

[0043] (a) of FIG. 12 is a cross-sectional view illustrating a
configuration of a bullet-shaped LED lamp of a comparative
technique which bullet-shaped LED lamp is arranged such
that a compound ratio between a resin and red phosphors is
1:0.05. (b) of FIG. 12 is a cross-sectional view illustrating a
configuration of the bullet-shaped LED lamp of a compara-
tive technique which bullet-shaped LED lamp is arranged
such that the compound ratio between the resin and the red
phosphors is 1:0.20.

[0044] (a) of FIG. 13 is a cross-sectional view illustrating a
configuration of a blue-complex-type light emitting appara-
tus using another aspect of the premised technique. (b) of
FIG. 13 is a plane view illustrating a configuration of the
blue-complex-type light emitting apparatus in which a resin
layer has not been formed.

[0045] FIG. 14 is plane views each illustrating an example
configuration of a light emitting surface of a conventional
light emitting apparatus. (a) of FIG. 14 is a plane view illus-
trating a light emitting surface of a light emitting apparatus of
Patent Literature 1. (b) of FIG. 14 is a plane view illustrating
a light emitting surface of a light emitting apparatus of Patent
Literature 2.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0046] (Basic Configuration of Light Emitting Apparatus)
[0047] FIG. 1is a plane view illustrating an example con-
figuration of a light emitting apparatus 100 in accordance
with Embodiment 1.

[0048] As illustrated in FIG. 1, the light emitting apparatus
100 includes a substrate 101, blue LED chips 102 (light
emitting elements), printed resistive elements 104 (protective
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elements), a first resin dam 105 (resin frame), a second resin
dam 106 (resin dividing wall), a phosphor-containing resin
layer 107, a light-permeable resin layer 108, and red phos-
phors 109.

[0049] The substrate 101 is a substrate made of ceramic.
The substrate 101 has a rectangular shape when viewed from
above. The blue LED chips 102, the printed resistive elements
104, the first resin dam 105, the second resin dam 106, the
phosphor-containing resin layer 107, the light-permeable
resin layer 108, and the red phosphors 109 are provided on
one surface of the substrate 101 (hereinafter, referred to as an
upper surface). Electrode lands 110 through 113 for external
connection are further provided on the upper surface of the
substrate 101.

[0050] The electrode lands 110 and 112 each function as an
anode electrode, whereas the electrode lands 111 and 113
each function as a cathode electrode. The electrode lands 110
through 113 are provided near respective corners of the upper
surface of the substrate 101 and outside a region enclosed by
the first resin dam 105. A surface of each of the electrode
lands 110 through 113 is exposed. Each of the electrode lands
110 through 113 can be therefore connected to an external
terminal, via such a surface.

[0051] Wires are provided which are electrically connected
to the respective electrode lands 110 through 113. According
to Embodiment 1, each of the wires is a printed wire. Note,
however, that the wires are not limited to such. Each of the
wires, electrically connected to a corresponding one of the
electrode lands 110 and 113, is provided in an area where the
first resin dam 105 is provided while being embedded in the
first resin dam 105. Each of the wires, electrically connected
to a corresponding one of the electrode lands 111 and 112, (i)
is provided in another area where the first resin dam 105 is
provided while being embedded in the first resin dam 105 and
(ii) extends on the substrate 101 from one end of the each of
the wires toward but short of the center of the substrate 101.
Each of the wires, electrically connected to a corresponding
one of the electrode lands 111 and 112 is therefore not con-
nected to other wire(s).

[0052] The blue LED chips 102 are electrically connected
to each other and to the wires, via wires 103. Specifically, a
wire, electrically connected to the electrode land 113, is elec-
trically connected to a blue LED chip 102 at one end of a
series of blue LED chips 102 via a wire 103, and a wire,
electrically connected to the electrode land 112, is electrically
connected to ablue LED chip 102 at the other end of the series
of the blue LED chips 102 via a wire 103. This causes the
series of the blue LED chips 102 to be electrically connected
between the electrode lands 113 and 112, via the wires 103.

[0053] This ultimately allows each of the series of the blue
LED chips 102 to emit light by electrically connecting them
to the electrode lands 113 and 112, via the wires 103. Simi-
larly, the other series of blue LED chips 102 are electrically
connected to the electrode lands 111 and 110, via the other
wires 103. This allows each of the series of the blue LED
chips 102 to emit light.

[0054] The blue LED chips 102 are provided at regular
intervals so as to have a double-spiral shape. Note that the
double-spiral shape is not limited to any particular one. How-
ever, it is preferable that the double-spiral shape has a uni-
formly helical shape, i.e., a so-called Archimedean helical
shape. Specifically, it is preferable that a distance between
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corresponding two points on circumferences of two spirals,
i.e., a distance between corresponding two points on double-
spiral lines, is constant.

[0055] According to the Embodiment 1, a series of blue
LED chips 102 are provided so as to have double-spiral hav-
ing one and a halfrounds. Furthermore, according to Embodi-
ment 1, 26 blue LED chips 102 are provided at regular inter-
vals on each of the double-spiral lines. Note that a material of
each of the wires 103 is not limited to any particular one,
provide that the material is metal, alloy, or other material
having high electric conductivity. Examples of the material of
each of the wires 103 include gold (Au).

[0056] The first resin dam 105 and the second resin dam
106 each define a region in which the phosphor-containing
resin layer 107 is formed and a region in which the light-
permeable resin layer 108 is formed. That is, the first resin
dam 105 and the second resin dam 106 each function as a dam
(blocking member) which prevents a resin from leaking dur-
ing forming the phosphor-containing resin layer 107 and the
light-permeable resin layer 108.

[0057] The first resin dam 105 is provided so as to enclose
a predetermined region in which the blue LED chips 102 are
provided (a region in which a plurality of light emitting sec-
tions are provided). The first resin dam 105 thus has a pre-
cisely circular (ring) shape when viewed from above.

[0058] The second resin dam 106 is provided so as to divide
the region, enclosed by the first resin dam 105, into (i) the
region in which the phosphor-containing resin layer 107 is
formed and (ii) the region in which the light-permeable resin
layer 108 is formed. This causes the second resin dam 106 to
be formed in a double-spiral shape, so that the second resin
dam 106 extends from the first resin dam 105 toward a center
of'a mounting region as if double-spiral lines were combined
in the mounting region. It is preferable that the double-spiral
lines have a uniformly helical shape and a distance between
the double-spiral lines is constant.

[0059] With the configuration, two types of light emitting
sections (later described), each of which is a region from
which the light is emitted by the light emitting apparatus of
Embodiment 1, are not formed collectively but formed so as
to be convoluted. This causes equivalent light distribution
characteristics to be convoluted and close to each other. It is
therefore possible to easily obtain good mixed-color light, in
a case where the light emitting sections are simultaneously
turned on. Furthermore, since the light emitting sections are
close to each other, each of the light emitting sections is
equally affected by heat. Accordingly, brightness and a color
tone of generated light are less affected by heat and/or a
change with the times. It is further possible to reduce big
changes in peak wavelength and color rendering property.
[0060] According to Embodiment 1, the second resin dam
106 is in contact with, at two areas, the first resin dam 105
having a ring shape. The first resin dam 105 and the second
resin dam 106 are formed symmetrically with respect to a
point.

[0061] Each of the first resin dam 105 and the second resin
dam 106 is made of resin, having light reflectivity or a light-
blocking property, such as white silicone resin. In particular,
the white silicone resin is preferably arranged such that a
light-permeable silicone resin serving as a base material con-
tains titanium oxide (TiO,) as a light diffusion filler. This
causes a less deterioration in resin and accordingly causes an
increase in reliability, as compared with a resin such as an
epoxy resin.
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[0062] Notethata compound which canbe employed as the
light diffusion filler is not limited to titanium oxide (TiO,).
Alternatively, for example, silica (Si0,), alumina (Al,O;),
calcium carbonate (CaCQO,), barium sulphate (BaSO,), or
aluminum hydroxide (Al(OH);) can be employed as such a
compound.

[0063] Thephosphor-containingresin layer 107 is a sealing
resin layer made of resin which contains dispersed particulate
red phosphors 109. The phosphor-containing resin layer 107
is filled in one of the two regions enclosed by the first resin
dam 105 and the second resin dam 106, and is formed so as to
embed therein the blue LED chips 102 and the wires 103
which are provided in the one of the two regions. That is, the
phosphor-containing resin layer 107 is formed so as to wholly
seal the blue LED chips 102 and so as to draw a spiral when
viewed from above.

[0064] The light emitting apparatus 100 is configured such
that (i) a first light emitting section constituted by the blue
LED chips 102 and the phosphor-containing resin layer 107
and (ii) a second light emitting section constituted by the blue
LED chips 102 and the light-permeable resin layer 108 are
formed in the respective two regions each having a spiral
shape and being enclosed by the first resin dam 105 and the
second resin dam 106.

[0065] The light-permeable resin layer 108 is a sealing
resin made of resin. The light-permeable resin layer 108 is
filled in the other of the two regions enclosed by the first resin
dam 105 and the second resin dam 106, in which region no
phosphor-containing resin layer 107 is formed. The light-
permeableresin layer 108 is formed so as to embed therein the
blue LED chips 102 and the wires 103 which are provided in
the other of the two regions. That is, the light-permeable resin
layer 108 is formed so as to wholly seal the blue LED chips
102 and so as to draw a spiral when viewed from above.
[0066] According to the light emitting apparatus 100, the
phosphor-containing resin layer 107 and the light-permeable
resin layer 108 are thus provided in the respective regions
divided by the second resin dam 106. As such, light emitting
surfaces are close to each other. Note that a part (in a spiral
shape) dividing the light emitting surfaces are substantially
provided uniformly ranging over the whole gamut of the
region inside the first resin dam 105.

[0067] With the above configuration, the light emitting sec-
tions are not formed collectively, but are formed so as to be
convoluted. It is therefore possible to obtain further improved
mixed-color light.

[0068] Note that, according to the light emitting apparatus
100, the number of the light emitting sections is not limited to
two. Alternatively, the light emitting apparatus 100 can
include three or more light emitting sections. In this case, it is
only necessary to change, as needed, a shape of the second
resin dam 106 in accordance with the number of the light
emitting sections. In such a case, it is desirable to provide (i)
electrode lands, each functioning as a cathode electrode,
whose number is identical to that of the light emitting sections
and (ii) electrode lands, each functioning as an anode elec-
trode, whose number is identical to that of the light emitting
sections. This makes it possible to individually drive the light
emitting sections.

[0069] Specifically, ina case where, as viewed from a direc-
tion perpendicular to the upper surface of the substrate 101, a
center of a region on the upper surface in which region three
or more light emitting sections are provided is regarded as a
reference point, each shape of the three or more light emitting
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sections is only necessary to be set so that, as viewed in a cross
section perpendicular to and passing through the reference
point, a resin layer of each of the three or more light emitting
sections is provided in a plurality of areas so as to be adjacent
to a resin layer of each of the others of the three or more light
emitting sections.

[0070] Note also that, according to the light emitting appa-
ratus 100, it is possible to independently control (i) light
emission from the phosphor-containing resin layer 107 and
(ii) light emission from the light-permeable resin layer 108,
by connecting the electrode lands 110 through 113 to respec-
tive external terminals and then supplying electric power to
each of the electrode lands 110 through 113.

[0071] Specifically, in a case where (i) the phosphor-con-
taining resin layer 107 containing the red phosphors and the
blue LED chips embedded in the phosphor-containing resin
layer 107 are regarded as a first light emitting section and (i)
the light-permeable resin layer 108 and the blue LED chips
embedded in the light-permeable resin layer 108 is regarded
as a second light emitting section, it is possible to indepen-
dently drive (i) the first light emitting section by use of the
electrode lands 110 and 111 electrically connected to the blue
LED chips 102 of the first light emitting section and (ii) the
second light emitting section by use of the electrode lands 112
and 113 electrically connected to the blue LED chips 102 of
the second light emitting section.

[0072] (Blue LED Chips)

[0073] Next, the following description will simply discuss
photosynthetic living things before providing a light emitting
apparatus for cultivation and culture. Subsequently, the blue
LED chips will be described. Some living things absorb and
use light energy as their energy. Most of such some living
things are known to have a photosynthetic pigment com-
pound such as chlorophyll, which plays a main role in pho-
tosynthesis.

[0074] It is known that various living things, including not
only plants but also bacteria, have chlorophyll. The living
things having chlorophyll absorb light energy via chloro-
phyll, and grow or multiply by use of the light energy. Itis thus
possible to provide a light emitting apparatus which can effi-
ciently carry out cultivation and culture by irradiating the
living things having chlorophyll with light which the living
things can efficiently absorb via chlorophyll.

[0075] According to the present embodiment, the blue LED
chips are employed. This is because chlorophyll has an
absorption peak in a blue region.

[0076] Chlorophyll also absorbs red light. Note, however,
that (i), in general, a red LED chip easily deteriorates as
compared with a blue LED chip and (ii) the red LED chip is
low in luminous efficiency. According to Embodiment 1, the
blue LED chips are therefore employed and light, emitted
from the red phosphors, are used as red light.

[0077] Specifically, chlorophyll has optical absorption
peaksin (i) the blue region referred to as a B band (Soret band)
(wavelength within a range of 400 nm to 480 nm) and (ii)ared
region referred to as a Q band. Chlorophyll a and chlorophyll
b are each known as a kind of chlorophyll, which (i) are often
seen in, for example, plants and some of algae and (ii) have
respective different optical absorption characteristics. Spe-
cifically, chlorophyll a has an optical absorption peak falling
within a wavelength range of 430 nm to 440 nm in the blue
region, whereas chlorophyll b has an optical absorption peak
falling within a wavelength range of 450 nm to 460 nm in the
blue region.
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[0078] Note that, in addition to chlorophyll a and chloro-
phyll b, various types of chlorophyll are known. Example of
such chlorophyll include chlorophyll ¢, , chlorophyll ¢, chlo-
rophyll d, chlorophyll f, bacterio-chlorophyll a, bacterio-
chlorophyll b, bacterio-chlorophyll ¢, bacterio-chlorophyll d,
bacterio-chlorophyll e, bacterio-chlorophyll f, and bacterio-
chlorophyll g, each of which is known to have an absorption
peak in the blue region. Note also that, other than chlorophyll,
carotenoid and the like are known as the photosynthetic pig-
ment compound which absorbs light energy. It is also known
that carotenoid has an optical absorption peak in the blue
region.

[0079] Inview of the circumstances, each of the blue LED
chips 102 is preferably a blue LED chip which emits light
having an emission peak wavelength within a range of 400 nm
to 480 nm. Particularly, the emission peak wavelength falls
within a range of 430 nm to 460 nm.

[0080] By employing suchablue LED chip, itis possible to
more efficiently provide light that is suitable to cultivate or
culture the living things. Especially, since chlorophyll of a
plant has the optical absorption peak near a wavelength 0450
nm in the blue region, it is possible to provide a light emitting
apparatus suitable to cultivate a plant or culture specific algae.

[0081] Note thatthe blue LED chips 102 which are covered
by the phosphor-containing resin layer 107 can be different in
emission peak wavelength from the blue LED chips 102
which are covered by the light-permeable resin layer 108.

[0082] For example, a configuration can be employed in
which (i) the blue LED chips 102 each of which emits light
having an emission peak wavelength which falls within a
range of 430 nm to 440 nm (blue LED chips 102 oftype I) are
provided in the phosphor-containing resin layer 107 of the
first light emitting section and (ii) the blue LED chips 102
each of which emits light having an emission peak wave-
length which falls within a range of 450 nm to 460 nm (blue
LED chips 102 of type I1) are provided in the light-permeable
resin layer 108 of the second light emitting section.

[0083] With the configuration, it is possible to control, in
each of (i) the region covered by the phosphor-containing
resin layer 107 (the first light emitting section) and (ii) the
region covered by the light-permeable resin layer 108 (the
second light emitting section), an electric current flowing
through the blue LED chips 102 so as to control their light
emissions. It is therefore possible to control, as appropriate,
light emission so as to have a quantity suitable for a specific
target plant or algae which have various ratios between (i)
chlorophyll a (whose optical absorption peak falls within a
wavelength range of 430 nm to 440 nm) and (ii) chlorophyll
b (whose optical absorption peak falls within a wavelength
range of 450 nm to 460 nm). It is therefore possible to provide
alight emitting apparatus which emits a more suitable optical
element.

[0084] Note that the blue LED chips 102 of type I and the
blue LED chips 102 of type I can be mixed in a same region
covered by the phosphor-containing region layer 107 and the
region covered by the light-permeable resin layer 108.

[0085] Specifically, blue LED chips 102 of type I and blue
LED chips 102 of type II are arranged so that, for example, (i)
two blue LED chips of type I are located between respective
two blue LED chips 102 of type 11, (ii) three blue LED chips
of'type I are located between respective two blue LED chips
102 oftype 11, or (ii) four blue LED chips of type I are located
between respective two blue LED chips 102 of type 1I.



US 2014/0340890 Al

[0086] By thus arranging the blue LED chips 102 of type |
and type 1 in accordance with a ratio between (i) an absorp-
tion spectrum of chlorophyll a (whose optical absorption
peak is within a wavelength range of 430 nm to 440 nm) and
(i1) an absorption spectrum of chlorophyll b (whose optical
absorption peak is within a wavelength range of 450 nm to
460 nm) of a specific target plant or algae, it is possible to
provide a light emitting apparatus which emits a suitable
optical element having a light emission suitable for the spe-
cific target plant or algae having a certain ratio between chlo-
rophyll a and chlorophyll b.

[0087] Note that the light emitting apparatus 100 includes
the blue LED chips 102 which have identical shapes. How-
ever, Embodiment 1 is not limited to such. Alternatively, the
light emitting apparatus 100 can include the blue LED chips
102 which have respective different shapes and/or size. For
example, a shape of an upper surface of each of the blue LED
chips 102 is not limited to rectangle, but can be square. This
allows an increase in degree of freedom of how the blue LED
chips 102 are to be arranged.

[0088] Note that publicly available LED chips can be
employed as the blue LED chips 102 of Embodiment 1.
[0089] (Red Phosphors)

[0090] As has been described, chlorophyll has the optical
absorption peak in the red region referred to as a Q band.
Specifically, chlorophyll a has an optical absorption peak
within a range of 650 nm to 660 nm in the red region, whereas
chlorophyll b has an optical absorption peak within a range of
620 nm to 630 nm in the red region.

[0091] Inview of the circumstances, according to Embodi-
ment 1, the red phosphors 109 are dispersed in the phosphor-
containing resin layer 107 in which the blue LED chips 102
are provided so that red right is simultaneously emitted by use
of light energy generated by the blue LED chips 102 covered
by the phosphor-containing resin layer 107. That is, the red
phosphors 109 are phosphors each of which emits red light by
being excited by optical elements generated from the LED
chips 102.

[0092] Therefore, in a case where the light emitting appa-
ratus for cultivation and culture of Embodiment 1 is used to
cultivate a plant, it is preferable to employ (Sr,Ca)AlISiN;:Eu
phosphors and/or CaAlSiN;:Eu phosphors each of which is a
red phosphor having an emission peak wavelength close to
the optical absorption peak wavelength of chlorophyll a or
chlorophyll b.

[0093] Note that a CaAlSiN;:Eu phosphor is a nitride red
phosphor in which europium (Eu) is an activator. The
CaAlSiN,:Eu phosphor is one of phosphors whose tempera-
ture characteristics are stable and whose luminous efficien-
cies are high.

[0094] Note also that each of the (Sr,Ca)AISiN;:Eu phos-
phors is a phosphor obtained from the CaAlSiN;:Eu phos-
phors by replacing part of Ca with Sr so that the emission peak
wavelength is shifted toward a shorter wavelength. As with
the CaAlSiN;:Eu phosphors, each of the (Sr,Ca)AlSiN;:Eu
phosphors has high temperature characteristic and high lumi-
nous efficiency.

[0095] Particularly, in a case where the light emitting appa-
ratus of Embodiment 1 is used to cultivate a plant or culture
algae containing a large amount of chlorophyll a, it is prefer-
able to employ the CaAlSiN;:Eu phosphors. This is because
an emission peak of each of the CaAlSiN;:Eu phosphors,
which peak falls within a wavelength range of 620 nm to 660
nm, matches the optical absorption peak of chlorophyll a,
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which peak falls within a wavelength range of 650 nm to 660
nm in the red region. It is thus possible to provide a light
emitting apparatus suitable to cultivate or culture a living
thing containing a large amount of chlorophyll a.

[0096] On the other hand, in a case where the light emitting
apparatus of Embodiment 1 is used to cultivate a plant or
culture algae including a large amount of chlorophyll b, it is
preferable to employ the (Sr,Ca)AlSiN;:Eu phosphors. This
is because an emission peak of each of the (Sr,Ca)AISiN,:Eu
phosphors, which peak falls within a wavelength range of 620
nm to 630 nm, matches the optical absorption peak of chlo-
rophyll b, which peak falls within a wavelength range of 620
nm to 630 nm in the red region. It is thus possible to provide
a light emitting apparatus suitable to cultivate or culture a
living thing containing a large amount of chlorophyll b.
[0097] Note that the red phosphors 109 are not limited to
the red phosphors. Alternatively, it is possible to employ, for
example, 3.5Mg0.0.5MgF,.GeO,:Mn, La,0,S:Eu, Y,0,S:
Eu, LiEuW, Oy, (Y, Gd, Eu),0,, (Y, Gd, Eu)BO,, YVO,:Eu,
and/or CaS:Eu, Ce, K, each of which is a red phosphor in a
particulate state.

[0098] Furthermore, plural kinds of red phosphors 109 can
be employed by mixture at any specific ratio. It is therefore
possible to provide a light emitting apparatus suitable for
various types of living things each having chlorophyll a,
chlorophyll b, and another chlorophyll at a specific ratio.
[0099] Further, the light emitting apparatus of the Embodi-
ment 1 can be used to culture specific bacteria having bacte-
rio-chlorophyll which is a kind of chlorophyll. It is known
that bacterio-chlorophyll has an optical absorption peak
whose wavelength is not less than 800 nm that is longer than
that of the optical absorption peak in the red region of chlo-
rophyll a or chlorophyll b.

[0100] In this case, red phosphors are employed whose
emission peak is longer than that of red phosphor. That is, it is
also possible to provide a light emitting apparatus more suit-
able to culture specific bacteria having bacterio-chlorophyll,
by (i) selecting red phosphors whose emission peak matches
the optical absorption peak of bacterio-chlorophyll and (ii)
dispersing and introducing the red phosphors into the phos-
phor-containing resin layer.

[0101] According to the Embodiment 1, a compound ratio
(weight ratio), in the phosphor-containing resin layer 107,
between the resin and the red phosphors 109 falls within a
ratio of 1:0.05 to 1:0.40. As a result, it is possible to provide
a light emitting apparatus suitable to germinate, nursery, and
maturate a plant, or to culture specific algae.

[0102] Particularly, in a case where the light emitting appa-
ratus of Embodiment 1 is used to cultivate a plant, the com-
pound ratio (weight ratio), in the phosphor-containing resin
layer 107, between the resin and the red phosphors 109 pref-
erably falls within a ratio of 1:0.30 to 1:0.40.

[0103] With the configuration, at a maturation stage at
which a plant grows to have a leaf and becomes active in
photosynthesis, it is possible to provide a light emitting appa-
ratus which cultivates a plant by easily emitting light having
both blue and red optical elements.

[0104] (Photosynthetic Photon Flux)

[0105] With the configuration, the first light emitting sec-
tion emits blue light and red light due to “blue LED chips+red
phosphors”. The second light emitting section emits blue
light due to “blue LED chips”.

[0106] It is possible to individually drive the first and sec-
ond light emitting sections. This makes it possible to inde-
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pendently turn on the first and second light emitting sections.
Itis also possible to independently turn on the first and second
light emitting sections, by controlling a turn-on condition
(emission intensity) on which each of the first and second
light emitting sections is turned on. By controlling a turn-on
condition (emission intensity) on which each of the first and
second light emitting sections is turned on, it is further pos-
sible to easily control a ratio between (i) a photosynthetic
photon flux in the blue region ranging from 400 nm to 480 nm
and (ii) a photosynthetic photon flux in the red region ranging
from 620 nm to 700 nm so as to fall within a ratio of 1:1.3 to
1:10.

[0107] It is therefore possible to provide a light emitting
apparatus suitable for germination, nursery, and maturation
of a plant, and/or for culture of specific algae or bacteria.

[0108] Particularly, in a case where the light emitting appa-
ratus of the preset invention is used to cultivate a plant, the
ratio between (i) the photosynthetic photon flux in the blue
region ranging from 400 nm to 480 nm and (ii) a photosyn-
thetic photon flux in the red region ranging from 620 nm to
700 nm preferably falls within a ratio of 1:7.5 to 1:10. With
this configuration, it is possible to provide a light emitting
apparatus more suitable to cultivate a plant.

[0109] In a case where the light emitting apparatus of the
present invention is used to germinate or nursery a plant, the
ratio between (i) the photosynthetic photon flux in the blue
region ranging from 400 nm to 480 nm and (ii) the photosyn-
thetic photon flux in the red region ranging from 620 nm to
700 nm preferably falls within a ratio of 1:1.3 to 1:3.5. With
this configuration, it is possible to provide a light emitting
apparatus suitable to germinate and nursery a plant.

[0110]

[0111] As has been described, chlorophyll, which plays a
main role in photosynthesis of a plant, has clear optical
absorption peaks in the blue and red regions. That is, at the
maturation stage at which a plant grows to have a leat and
becomes active in photosynthesis, it is useful in growing a
plant to have both (i) an optical element having an emission
peak in the blue region and (ii) an optical element having an
emission peak in the red region.

[0112] Meanwhile, light in the blue region also affects light
reaction of plants called high-energy reaction system and is,
accordingly, essential for healthy morphogenesis of specific
plants. Therefore, at a germination and nursery stage, the
optical element in the blue region increases in importance.

[0113] In view of the circumstances, a method of cultivat-
ing a specific plant can be employed in which, at a maturation
stage at which a specific plant grows to have a leaf and
becomes active in photosynthesis, (i) the emission intensity
of'the blue LED chips of the first light emitting section (which
emits blue light and red light) is increased and (ii) the emis-
sion intensity of the blue LED chips of the second light
emitting section (which emits blue light) is reduced, as com-
pared with a germination and nursery stage. It is therefore
possible to provide, with the use of a single light emitting
apparatus, optical elements which are most suitable for (i) the
germination and nursery stage and (ii) the maturation stage at
which a plant grows to have a leaf and becomes active in
photosynthesis.

[0114] Furthermore, in a case where the light emitting
apparatus of Embodiment 1 is applied to a plant factory, it is
possible to control, with the use of a single light emitting
apparatus, a light quantity ratio in accordance with each stage

(Automatic Emission Control Section)
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without increasing an area required for germination, nursery,
and maturation and/or an area in which the light emitting
apparatus is provided.

[0115] In this case, it is preferable to include an emission
control means for automatically (i) increasing the emission
intensity of the first light emitting section or (ii) reducing the
emission intensity of the second light emitting section in
accordance with time information on a target plant, which
time information is (i) checked in advance at each of the
germination stage, the nursery stage, and the maturation stage
at which the plant grows to have a leaf and becomes active in
photosynthesis and (ii) entered in the emission controlling
means in advance. The emission control means is, for
example, a sequencer.

[0116] With this configuration, it is possible to automati-
cally provide, with the use of a single light emitting apparatus
and without an operation by a human, optical elements which
are most suitable for a specific plant at each of the germina-
tion stage, the nursery stage, and the maturation stage at
which a plant grows to have a leaf and becomes active in
photosynthesis.

[0117] Note that emission control carried out by the emis-
sion control means is not limited to (i) the germination and
nursery stage and (ii) the maturation stage at which a plant
grows to have a leaf and becomes active in photosynthesis.
The emission control means can control the emission inten-
sity in accordance with subdivided growths of a plant.

[0118] (Substrate)

[0119] Note that a shape of the upper surface of the sub-
strate 101 is not limited to rectangle. The shape of the upper
surface of the substrate can be, for example, polygonal,
square, or circular. According to the light emitting apparatus
100 of Embodiment 1, a substrate made of ceramics is
employed as the substrate 101. However, the substrate 101 is
not limited to the substrate made of ceramics. Instead, a metal
core substrate can be, for example, employed which is
obtained by forming an insulating layer on a surface of a
metal substrate.

[0120] In this case, (i) the insulating layer is provided only
in areas in which the printed resistive elements 104, the wires,
and the electrode lands 110 through 113 are provided and (ii)
the blue LED chips 102 are directly provided on the metal
substrate.

[0121] The printed resistive elements 104 are preferably
covered by the first resin dam 105 if at all possible. However,
Embodiment 1 is not limited to such a configuration. Further,
a Zener diode with which a voltage is controlled can be
provided. Also in this case, the Zener diode is preferably
covered by the first resin dam 105 if at all possible. However,
Embodiment 1 is not limited to such a configuration.

[0122] Note that the light emitting apparatus 100 is not
always necessary to include the printed resistive elements
104. A size (resistance) of each of the printed resistive ele-
ments 104 and where a circuit is to be provided can be deter-
mined in accordance with (i) the number of the blue LED
chips 102 to be provided and (ii) a usage environment (e.g., an
electrostatic withstand voltage that can be applied to the blue
LED chips 102).

[0123] According to Embodiment 1, nothing is provided on
a surface opposite to the upper surface of the substrate 101
(hereinafter, referred to as a back surface). However, Embodi-
ment 1 is not particularly limited to such, and it is preferable
to provide any cooling means on the back surface.
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[0124] For example, a configuration can be employed in
which a finned heat sink is provided on the back surface of the
substrate 101 which also serves as a heat radiation plate for
the light emitting apparatus of substrate shape. With the con-
figuration, in a case where the light emitting apparatus of the
present invention is placed, for example, in a room of a
cultivation and culture factory, it is possible for the finned
heat sink to cool down the substrate 101 when air flow is used
in such a room. Note that, in this case, it is preferable that an
opening of the finned heat sink is set to be pointed in a
direction of the air flow.

[0125] Alternatively, a tube through which a nutrient solu-
tion flows can be provided on the back surface of the substrate
101. This makes it possible to suitably cool down the light
emitting apparatus 100, and it is therefore possible to stably
emit light which matches the optical absorption peaks of the
optical absorption characteristics of chlorophyll.

[0126] (Target Living Thing)

[0127] Thelight emitting apparatus of the present invention
is capable of mainly cultivating or culturing a living thing by
irradiating the living thing with light. The living thing which
can be cultivated or cultured by the light emitting apparatus of
the present invention is a photosynthetic living thing.
Examples of the living thing include (i) living things which
can be cultivated or cultured by light, that is, green plants such
as mugwort, eggplant, cabbage, marigold, cucumber, sun-
flower, cauliflower, broccoli, and Japanese mustard spinach,
(i1) brown algae such as seaweed, (iii) diatoms such as moss,
(iv) haptophytes such as haptophyta, (v) cryptophyte algae
such as dinoflagellate, (vi) green algae such as sea lettuce and
spirogyra, (vii) blue algae such as spirulina, (viii) and bacteria
referred to as photosynthetic bacteria. However, Embodiment
1 is not limited to those living things.

[0128] (Light Emitting Section for Illumination)

[0129] The light emitting apparatus 100 is a light emitting
apparatus mainly for cultivation or culture of a living thing. It
is not appropriate to use the light emitting apparatus 100 as it
is as a light emitting apparatus for illumination necessary for
human operation.

[0130] As has been described, according to the present
invention, the number of the light emitting sections is not
limited to two, and therefore three or more light emitting
sections can be provided.

[0131] Here, a light emitting section for illumination is
further provided to the light emitting apparatus 100, and a
configuration of a light emitting apparatus thus obtained is
described below which simultaneously emits (i) light for
illumination necessary for human operation and (ii) light for
cultivation or culture of a living thing.

[0132] For example, the light emitting apparatus including
the three light emitting sections is configured such that (i)
three sets of electrode lands are formed and (ii) light emitting
sections are provided in a triple-spiral shape, instead of a
double-spiral shape. However, Embodiment 1 is not limited
to such.

[0133] That is, in addition to the first and second light
emitting sections, a third light emitting section, serving as the
light emitting section for illumination, is provided in which
red phosphors 76 and green phosphors 7¢ are dispersed in a
resin 7a of a resin layer covering an upper part of each of a
plurality of blue LED chips 2.

[0134] The green phosphors are not limited in particular,
provided that conventionally known phosphors are employed
which absorb light in the blue region (wavelength ranging
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from 400 nm to 480 nm) and then emit light having an emis-
sion peak wavelength ranging from 500 nm to 600 nm.
Examples of the green phosphors include (Ba, Sr),SiO,:Eu.
[0135] Note here that it is possible to control light emission
of the third light emitting section, independently of the first
and second light emitting sections.

[0136] The third light emitting section is preferably
arranged such that a compound ratio (weight ratio) between
the resin 7a, the red phosphors 75, and the green phosphors 7¢
is, for example, 1:0.01:0.10.

[0137] This allows (i) blue light and red light to be emitted
which are adapted to an absorption spectrum of chlorophyll
and (ii) an increase in quantity of light of a wavelength of near
500 nm with which a human feels brightest. Therefore, the
third light emitting section is useful as an illumination light
source for a human to work in space in which a living thing is
cultivated or cultured.

[0138] The third light emitting section can be arranged so
as to emit light simultaneously with the first and second light
emitting sections. Alternatively, the third light emitting sec-
tion can be arranged so as to emit light independently of the
first and second light emitting sections.

[0139] (Method of Manufacturing Light Emitting Appara-
tus)
[0140] The following description will discuss a method of

manufacturing the light emitting apparatus of Embodiment 1.
Note that a dimension of each member shown below is merely
illustrative, and the light emitting apparatus 100 is not limited
to such dimensions.

[0141] <Step of Forming Wires and Electrode Lands>
[0142] First, the wires and the electrode lands 110 through
113 are formed on the substrate 101. Specifically, the sub-
strate 101 is prepared which has a predetermined size (dimen-
sions: 24 mmx20 mm, thickness: 1 mm). Then, an electric
conductor pattern, made of gold (Au), is formed on the upper
surface of the substrate 101 by use of printed wiring so that
the wires (width: 300 pum, thickness: 10 pm) are formed.
Thereafter, an electric conductor pattern, made of silver and
platinum (Ag—Pt), is formed on the upper surface of the
substrate 101 by use of printed wiring so that the electrode
lands 110 through 113 (length: 3.5 mm, width: 1.4 mm,
thickness: 20 um) are formed. The wires and the electrode
lands 110 through 113 are thus formed in respective prede-
termined areas.

[0143] <Step of Forming Printed Resistive Elements>
[0144] Next, a paste containing a resistive component is
applied to the substrate 101 by screen printing. The substrate
101 is then baked in an electric furnace so that the paste is
fixed on the substrate 101. As a result, the printed resistive
elements 104 (width: 0.2 pum, thickness: 10 pm, resistance
value: 1 MQ) each serving as a protective element are formed.
Note that the paste is mainly made of ruthenium oxide
(Ru0O,). The printed resistive elements 104 are thus formed in
respective predetermined areas.

[0145] <Bonding Step>

[0146] Next, the blue LED chips 102 are formed on the
upper surface of the substrate 101. Specifically, fifty two (52)
blue LED chips 102 are first die-bonded to respective prede-
termined areas (from an outer side toward a center) with the
use of, for example, silicone resin. Note that an electric con-
nection is made between respective two adjacent blue LED
chips 102, by wire-bonding their respective anode chip elec-
trodes and wire-bonding their respective cathode chip elec-
trodes.
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[0147] The anode chip electrodes are then electrically con-
nected to the respective electrode lands (cathode electrodes)
by wire-bonding with the use of the respective wires 103. On
the other hand, the cathode chip electrodes are electrically
connected to the respective electrode lands (anode electrodes)
by wire-bonding with the use of the respective wires 103.
[0148] <Step of Forming Resin Dams>

[0149] Next, the first resin dam 105 and the second resin
dam 106 are formed on the substrate 101. Specifically, liquid
white silicone resin (containing a light diffusion filler TiO,) is
applied to predetermined areas with the use of, for example,
a dispenser. That is, after the liquid white silicone resin is
applied to an area where the first resin dam 105 is to be
formed, the liquid white silicone resin is applied to an area
where the second resin dam 106 is to be formed. In so doing,
a starting point of the formation of the second resin dam 106
is in contact with the first resin dam 105, and an end point of
the formation of the second resin dam 106 is also in contact
with the first resin dam 105. The second resin dam 106 is not
in contact with the blue LED chips 102.

[0150] Then, by heat-curing the liquid white silicone resin
at a temperature of 150° C. for 60 minutes, the first resin dam
105 (width: 1 mm, a ring diameter: 16 mm) and the second
resin dam 106 (width: 0.5 mm) are formed. Note that the
above temperature and time are merely illustrative, and
Embodiment 1 is not therefore limited to those.

[0151] <Step of Forming Phosphor-Containing Resin
Layer>
[0152] Next, the phosphor-containing resin layer 107 is

formed on the upper surface of the substrate 101. Specifically,
a resin containing phosphor particles is produced in advance
by dispersing, in liquid transparency silicone resin, particu-
late red phosphors 109. The resin containing the red phos-
phors is then infused into one of the regions enclosed by the
respective first and second resin dams 105 and 106 so that the
one of the regions is filled with the resin containing the red
phosphors.

[0153] After being infused into the one of the regions, the
resin containing the red phosphors is heat-cured at a tempera-
ture of 150° C. for 30 minutes so that the phosphor-containing
resin layer 107 is formed. Note that the temperature and time
are merely illustrative, and Embodiment 1 is not therefore
limited to those. As compared with epoxy resin, use of sili-
cone resin causes a less deterioration in resin and, accord-
ingly, ultimately allows an increase in reliability.

[0154] <Step of Forming Light-Permeable Resin Layer>
[0155] Next, the light-permeable resin layer 108 is formed
on the upper surface of the substrate 101. Specifically, liquid
transparent silicone resin is infused into the other of the
regions enclosed by the respective first and second resin dams
105 and 106 so that the other of the regions is filled with the
liquid transparent silicone resin. The liquid transparent sili-
cone resin is then heat-cured at a temperature of 150° C. for 5
hours so that the light-permeable resin layer 108 is formed.
[0156] The light-permeable resin layer 108 is thus formed
in a predetermined area. That is, the light-permeable resin
layer 108 is formed so as to wholly seal the blue LED chips
102 and to draw a spiral when viewed from above. In this way,
the light emitting apparatus 100 as illustrated in FIG. 1 is
prepared.

Embodiment 2

[0157] FIG. 2 is a plane view illustrating an example con-
figuration of a light emitting apparatus 200 in accordance
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with Embodiment 2. The following description will discuss
the configuration and a structure of the light emitting appa-
ratus 200. Note, however, that a configuration and a structure
which are not described in Embodiment 2 are identical to
those of the light emitting apparatus 100 of Embodiment 1.
[0158] (Basic Configuration of Light Emitting Apparatus)
[0159] The light emitting apparatus 200 includes a sub-
strate 101, blue LED chips 102, a first resin dam 105, phos-
phor-containing resin layers 107 (resin layers), red phosphors
109, and light-permeable resin layers 108 (resin layers).
[0160] Aswith Embodiment 1, electrodelands 110 and 112
each function as an anode electrode, and electrode 111 and
113 each function as a cathode electrode. The phosphor-
containing resin layers 107 and the light-permeable resin
layers 108 are formed in a region inside the first resin dam
105. Note, however, that no second resin dam is formed,
unlike Embodiment 1.

[0161] With the configuration, no second resin dam is
formed, and the phosphor-containing resin layers 107 and the
light-permeable resin layers 108 are formed so as to be
directly adjacent to each other. Therefore, it is possible to
efficiently emit further improved mixed-color light.

[0162] Each of the phosphor-containing resin layers 107 is
aresin layer made of resin containing the red phosphors 109.
Each of the light-permeable resin layers 108 is formed in the
region inside the first resin dam 105 having a circular shape so
as to embed the blue LED chips 102 and wires 103 formed in
the region.

[0163] According to Embodiment 2, the phosphor-contain-
ing resin layers 107 are formed so as to individually seal a
plurality of groups into which the blue LED chips 102 are
divided. This causes the phosphor-containing resin layers 107
to be formed in stripes when viewed from above, in respective
three regions.

[0164] Specifically, in a case where (i) a right-and-left
direction of FIG. 2 is defined as a lateral direction and (ii) up
and down of FIG. 2 are defined as an up-and-down direction
orup and down, the phosphor-containing resin layers 107 are
formed, in the lateral direction inside a circle formed by the
firstresin dam 105, in stripes in the respective three regions so
as to be in contact with the first resin dam 105. One of the
phosphor-containing resin layers 107 in the respective three
regions is formed at a center of the circle formed by the first
resin dam 105, whereas the others of the phosphor-containing
resin layers 107 are formed, symmetrically with respect to the
center of the circle, on an upside and a downside of the one of
the phosphor-containing resin layers 107 which is formed at
the center of the circle.

[0165] Each of the light-permeable resin layers 108 is a
sealing resin layer made of resin. Each of the light-permeable
resin layers 108 is formed in the region inside the first resin
dam 105 so as to embed the blue LED chips 102 and wires 103
provided in the region. That is, the light-permeable resin
layers 108 are formed so as to individually seal a plurality of
groups into which the blue LED chips 102 are divided.
[0166] This causes the light-permeable resin layers 108 to
be formed in stripes when viewed from above, in respective
fourregions so that the light-permeable resin layers 108 are in
contact with the first resin dam 105. That is, the light-perme-
able resin layers 108 are formed so as to fill in the respective
four regions enclosed by the first resin dam 105 and the
phosphor-containing resin layers 107.

[0167] According to Embodiment 2, the blue LED chips
102 and the wires 103 are formed in two lines in each of such
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seven regions, that is, the three regions formed by the phos-
phor-containing resin layers 107 and the four regions formed
by the light-permeable resin layers 108.

[0168] Wires electrically connected to the electrode lands
110 through 113 are embedded in the first resin dam 105.
[0169] CaAlSiN;:Eu phosphors each having an emission
peak wavelength of near 650 nm are employed as the red
phosphors 109 of Embodiment 2 each of which is a particu-
late phosphor.

[0170] This causes (i) each of the regions, in which the
phosphor-containing resin layers 107 are formed, to serve as
a first light emitting section which emits blue light and red
light due to “blue LED chips+red phosphors™ and (ii) each of
the regions, in which the light-permeable resin layers 108 are
formed, to serve as a second light emitting section which
emits blue light due to “blue LED chips™.

[0171] (Method of Manufacturing Light Emitting Appara-
tus)
[0172] The light emitting apparatus 200 having the above

configuration can be manufactured by steps and in order
identical to those of the method of manufacturing the light
emitting apparatus 100 described with reference to FIG. 1 in
Embodiment 1.

[0173] Ina step of forming phosphor-containing resin lay-
ers, the phosphor-containing resin layers 107 are formed on
an upper surface of the substrate 101 as illustrated in FIG. 2.
Specifically, a resin containing phosphor particles, the resin
being obtained by dispersing the red phosphors in a transpar-
ent silicone resin, is placed on predetermined areas so that the
phosphor-containing resin layers 107 are formed.

[0174] Note that the silicone resin of each of the phosphor-
containing resin layers 107 is a silicone resin which has high
thixotropy and does not have flowability. This silicone resin
which has high thixotropy and does not have flowability is
realized by mixing a thixotropy addition agent with resin.
[0175] This causes each of the phosphor-containing resin
layers 107 to increase in viscosity and accordingly to become
solidified without being heat-cured after being placed on the
upper surface of the substrate 101. That is, the phosphor-
containing resin layers 107 are formed, in stripes when
viewed from above, so as to seal the blue LED chips 102.
[0176] By thus employing, as each of the phosphor-con-
taining resin layers 107, a resin which is higher in thixotropy
(higher in viscosity) than that of each of the light-permeable
resin layers 108, it becomes unnecessary to heat-cure the
phosphor-containing resin layers 107 at that time.

[0177] In a step of forming light-permeable resin layer,
each of the phosphor-containing resin layers 107 functions as
a so-called resin dam (resin wall) as in Embodiments which is
used to form the light-permeable resin layers 108. That is,
each of the phosphor-containing resin layers 107 can be used
as a dam material without being cured. The light-permeable
resin layers 108 are formed between the phosphor-containing
resin layers 107.

[0178] The light emitting apparatus 200 illustrated in FIG.
2 can be thus prepared. According to the light emitting appa-
ratus 200, it is possible to independently control light to be
emitted from the phosphor-containing resin layers 107 and
from the light-permeable resin layers 108, by connecting an
external terminal to each of the electrode lands 110 through
113 and then supplying electric power to the electrode lands
110 through 113.

[0179] Itis thuspossible to independently drive the firstand
second light emitting sections. This allows each of the first
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and second light emitting sections to independently emit
light. As such, by controlling a condition (emission intensity)
on which each of the first and second light emitting sections
emits light, it is possible to easily control a ratio between (i) a
photosynthetic photon flux at a wavelength of 450 nm in a
blue region and (ii) a photosynthetic photon flux at a wave-
length of 650 nm in a red region so as to be approximately
1:10.

[0180] The light emitting apparatus of Embodiment 2 is
particularly suitable to culture algae.

Embodiment 3

[0181] FIG. 3 is a plane view illustrating an example con-
figuration of a light emitting apparatus 300 in accordance
with Embodiment 3. The following description will discuss
the configuration and a structure of the light emitting appa-
ratus 300. Note, however, that a configuration and a structure
which are not described in Embodiment 3 are identical to
those of the light emitting apparatus 100 of Embodiment 1.
[0182] (Basic Configuration of Light Emitting Apparatus)
[0183] Phosphor-containing resin layers 107 are provided
so as to individually seal a plurality of groups into which blue
LED chips 102 are divided. According to Embodiment 3, the
phosphor-containing resin layers 107 are formed in respec-
tive two regions.

[0184] Light-permeable sealing resin layers 108 are pro-
vided so as to individually seal blue LED chips 102. Accord-
ing to Embodiment 3, the number of the light-permeable resin
layers 108 is two. A first resin dam 105 and a second resin dam
106 are formed, when viewed from above, in a lattice so as to
have parallel lines in an up-and-down direction and in a right
and left direction. Specifically, out of such resin dams formed
in the lattice, the first resin dam 105 is provided in a quad-
rangle, and the second resin dam 106 is provided in a cross so
as to continue with the first resin dam 106.

[0185] The phosphor-containing resin layers 107 and the
light-permeable sealing resin layers 108 are provided in
respective regions enclosed by the first resin dam 105 and the
second resin dam 106.

[0186] Further, the first resin dam 105 has four rounded
corners adjacent to the respective electrode lands 110 through
113. That is, the first resin dam 105 and the second resin dam
106 are provided, in the lattice, so as to have four rounded
corners.

[0187] Out of the four regions enclosed by the first resin
dam 105 and the second resin dam 106 formed in the lattice,
the light-permeable sealing resin layers 108 are provided for
the respective electrode lands 110 and 113, and the phosphor-
containing resin layer 107 are provided for the respective
electrode lands 111 and 112.

[0188] Withthe configuration, each of the regions, in which
the phosphor-containing resin layers 107 are provided, serves
as a first light emitting section which emits blue light and red
light due to “blue LED chips+red phosphors.” Each of the
regions, in which the light-permeable sealing resin layers 108
are provided, serves as a second light emitting section which
emits blue light due to “blue LED chips”.

[0189] In each light emitting section, the blue LED chips
102 are arranged at regular intervals in six lines in an up-and-
down direction. The blue LED chips 102 are connected to
each other in the up-and-down direction with the use of wires
103 so that each of the blue LED chips 102 can emit light. Two
wires, each extending over between corresponding two
regions which serve as identical light emitting sections, are
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formed so that the corresponding two regions are electrically
connected to each other. The wire which connects the first
light emitting sections and the wire which connects the sec-
ond light emitting sections, are formed so as not to electrically
contact with each other around a central part, e.g., so as to
cross each other in respective different heights.

[0190] (Sr,Ca)AlSiN;:EU phosphors, each having an emis-
sion peak wavelength which falls within a range of 620 nm to
630 nm, are used as particulate red phosphors 109 contained
in each of the phosphor-containing resin layers 107.

[0191] According to the light emitting apparatus 300, the
blue LED chips 102 are connected. Specifically, the blue LED
chips 102 of type I (emission peak wavelength within a range
of 430 nm to 440 nm) are sealed in each of the regions in
which the phosphor-containing resin layers 107 are provided.
The blue LED chips 102 of type II (emission peak length
within a region 0f 450 nm to 460 nm) are sealed in each of the
regions in which the light-permeable sealing resin layers 108
are provided.

[0192] Meanwhile, as described in Embodiment 1, blue
light having an emission peak wavelength which falls within
the range of 450 nm to 460 nm also affects light reaction of
plants called high-energy reaction system and is, accordingly,
essential for healthy morphogenesis of such plants. There-
fore, at a germination and nursery stage, a blue optical ele-
ment increases in important.

[0193] Inview ofthe circumstances, by causing the regions
in which the light-permeable sealing resin layers 108 are
provided, that is, the second light emitting sections to emit
blue light due to “blue LED chips” or by causing the second
light emitting sections to emit light more intensively than the
first light emitting sections, it is possible to provide a light
emitting apparatus serving as an LED light source for plant
cultivation which apparatus easily emit light having a blue
optical element essential for healthy morphogenesis ofa plant
at the germination and nursery stage.

Embodiment 4

[0194] FIG. 4 is a plane view illustrating an example con-
figuration of a light emitting apparatus 400 in accordance
with Embodiment 4. The following description will discuss
the configuration and a structure of the light emitting appa-
ratus 400. Note, however, that a configuration and a structure
which are not described in Embodiment 4 are identical to
those of the light emitting apparatus 300 of Embodiment 3.
[0195] (Basic Configuration of Light Emitting Apparatus)
[0196] Asillustrated in FIG. 4, the light emitting apparatus
400 includes a plurality of blue LED chips 102 electrically
connected.

[0197] A phosphor-containing resin layer 107 is provided
so as to seal first blue LED chips 102. A light-permeable
sealing resin layer 108 is provided so as to seal second blue
LED chips 102. The phosphor-containing resin layer 107 and
the light-permeable sealing resin layer 108 each form a circle
in a region inside a first resin dam 105 when viewed from
above.

[0198] CaAlSiN;:Eu phosphors each having an emission
peak wavelength of near 650 nm are employed, as particulate
red phosphors 109 contained in the phosphor-containing
resin layer 107,

[0199] This causes (i) a region in which the phosphor-
containing resin layer 107 is provided to serve as a first light
emitting section which emits blue light and red light due to
“blue LED chips (corresponding to chlorophyll b)+red phos-

Nov. 20, 2014

phors” and (ii) a region in which the light-permeable resin
layer 108 is provided to serve as a second light emitting
section which emits blue light due to “blue LED chips (cor-
responding to chlorophyll a)”.

[0200] Note that, according to Embodiment 4, the blue
LED chips 102 (type II), which are covered by the phosphor-
containing resin layer 107, has an emission peak falling
within a wavelength range of 450 nm to 460 nm which
matches the optical absorption peak of chlorophyll b, whereas
the blue LED chips 102 (type I), which are covered by the
light-permeable resin layer 108, has an emission peak falling
within a wavelength range of 430 nm to 440 nm which
matches the optical absorption peak of chlorophyll a.

[0201] Chlorophyll is known to be used to whiten skin,
perform facial treatment, prevent acne, and prevent inflam-
mation of skin. Usage examples of the light emitting appara-
tus of the present invention include providing of chlorophyll
by extracting from seaweed, plants of genus Artemisia of the
family Asteraceae, spirulina, or the like each of which is
cultured or cultivated with the use of the light emitting appa-
ratus of the present invention.

[0202] Note that the present invention is not limited to
Embodiments 1 through 4, but may be altered by a skilled
person in the art within the scope of the claims. An embodi-
ment derived from a proper combination of technical means
disclosed in different embodiments is also encompassed in
the technical scope of the present invention.

[0203] Note furtherthat the present invention is made based
on the following premised technique. That is, the present
invention is directed to a light emitting apparatus including (i)
a first light emitting section which includes blue LED chips
and red phosphors as in a configuration of a first light emitting
section using the premised technique and (ii) a second light
emitting section which includes only blue LED chips. The
following description will discuss the premised technique
including only the first light emitting section.

[Premised Technique]

[0204] The following description will discuss the premised
technique with reference to FIGS. 5 through 11, and 13. That
is, the present invention is made based on the following
primed technique.

[0205] (Configuration of Light Emitting Apparatus Using
Premised Technique)

[0206] The following description will discuss, with refer-
enceto (a)and (b) of FIG. 6, a configuration of a light emitting
apparatus for plant cultivation which apparatus uses the pre-
mised technique. (a) of FIG. 6 is a plane view illustrating the
light emitting apparatus for plant cultivation in which resin
containing red phosphors has not been infused. (b) of FIG. 6
is a plane view illustrating the light emitting apparatus in
which the resin containing red phosphors has been infused.
[0207] A light emitting apparatus 10 of substrate-type,
which serves as the light emitting apparatus for plant cultiva-
tion and which uses the premised technique, is configured
such that blue LED chips 2 are provided on a substrate 1 and
a resin dam 3 made of resin is provided so as to surround the
blue LED chips 2.

[0208] According to the premised technique, 24 blue LED
chips 2 are arranged so as to have 8 lines of blue LED chips 2,
each of which lines is made up of 3 blue LED chips 2 serially
connected to each other and which lines are connected to each
other in parallel. Note, however, that, according to the present
invention, the number of the blue LED chips 2 is neither
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necessarily limited to be plural nor 24. As such, the light
emitting apparatus 10 of substrate-type can include only a
single blue LED chip 2. Moreover, how to arrange the blue
LED chips 2 and how to electrically connect the blue LED
chips 2, are not particularly limited.

[0209] Inside the resin dam 3, each of the blue LED chips 2
arranged in a line is connected, via two wires 5 which are
electrically conductive, to wires 4a and 45 provided at both
sides of the line. The wires 4a and 45 are connected to a
cathode electrode land 6a and an anode electrode land 65,
respectively, each of which is provided on the substrate 1 and
outside of the resin dam 3.

[0210] Further, according to the light emitting apparatus 10
of substrate-type, aresin layer 7 is provided which fills inside
of the resin dam 3 and which covers an upper part of each of
the blue LED chips 2 (see (b) of FIG. 6). In this resin layer 7,
red phosphors 75 are mixed and dispersed.

[0211] Eachofthe blue LED chips 2 emits blue light having
a wavelength falling within a range of 400 nm to 480 nm
which matches an absorption peak in a blue region of chlo-
rophyll. Each of the red phosphors 75 absorbs light from the
blue LED chips 2 and then emits red light having an emission
peak wavelength falling within a range of 620 nm to 700 nm
which matches an absorption peak in a red region of chloro-
phyll

[0212] Note that each of the blue LED chips 2 can emit not
only blue light having the wavelength falling within arange of
400 nm to 480 nm which matches the absorption peak in the
blue region of chlorophyll but also light having wavelengths
in a blue-ultraviolet region containing a ultraviolet region.
[0213] (Controlling of Ratio Between Quantity of Blue
Light and Quantity of Red Light)

[0214] With reference to (a) and (b) of FIG. 5 and FIG. 7,
the following description will discuss how the light emitting
apparatus 10 of substrate-type controls a ratio between a
quantity oflight in the blue region and a quantity of light in the
red region. (a) and (b) of FIG. 5 are cross-sectional views
schematically illustrating respective configurations of LED
light sources 10 (10A) and 10 (10D) of substrate-type which
are different from each other in compound ratio between red
phosphors and a silicone resin.

[0215] According to the light emitting apparatus 10 of sub-
strate-type, the resin layer 7 includes (i) a resin 7a made of
silicone resin and (ii) red phosphors 75 dispersed in the resin
7a (see (a) of FIG. 5). Therefore, by changing a ratio between
the red phosphors 76 and the resin 7a, it is possible to emit
light having different wavelengths.

[0216] For example, a CaAlSiN;:Eu phosphor is used as
the red phosphors 76 and, as described earlier, the blue LED
chips 2 emit light having an emission peak within a wave-
length range of 400 nm to 480. With the configuration, blue
light having an emission peak wavelength falling within a
range of 400 nm to 480 nm and red light having an emission
peak wavelength falling within a range of 620 nm to 700 nm
are emitted.

[0217] Specifically, in a case where a light emitting appa-
ratus 10A of substrate-type has a compound ratio (weight
ratio) of 1:0.05 between the resin 7a and the red phosphors 75
(see (a) of FIG. 5), an emission spectrum having (i) a peak
wavelength 440 nm at which an emission intensity is 1.0 and
(i) a peak wavelength 640 nm at which an emission intensity
is 0.3 is obtained (see (a) of FIG. 7).

[0218] InacasewhereaLED light source 10B of substrate-
type has a compound ratio (weight ratio) of 1:0.10 between
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the resin 7a and the red phosphors, a spectrum (i) having (i) a
peak wavelength 440 nm at which an emission intensity is 1.0
and (ii) a peak wavelength 640 nm at which an emission
intensity is 0.8 is obtained (see (b) of FIG. 7).

[0219] Further, in a case where a LED light source 10C of
substrate-type has a compound ratio (weight ratio) of 1:0.15
between the resin 7a and the red phosphors 75, a spectrum
having (i) a peak wavelength 440 nm at which an emission
intensity is 0.56 and (ii) a peak wavelength 640 nm at which
an emission intensity is 1.0 is obtained (see (¢) of FIG. 7).
[0220] In a case where the light emitting apparatus 10D of
substrate-type has a compound ratio (weight ratio) of 1:0.20
between the resin 7a and the red phosphors 75 (see (b) of FIG.
5), a spectrum having (i) a peak wavelength 440 nm at which
anemission intensity is 0.4 and (ii) a peak wavelength 640 nm
at which an emission intensity is 1.0 is obtained (see (d) of
FIG. 7).

[0221] As described, it is possible to easily control a ratio
between a quantity of blue light and a quantity of red light by
changing the compound ratio (weight ratio) between the resin
7a and the red phosphors 75.

[0222] (Wavelength Necessary for Plant Growth)

[0223] Next, the following description will discuss, with
reference to FIG. 8, which wavelength of light is suitable for
plant growth. FIG. 8 is a view illustrating (i) optical absorp-
tion spectra of chlorophyll and (ii) emission spectra of the
light emitting apparatus 10 of substrate-type.

[0224] As has been described, chlorophyll, which plays a
main role in photosynthesis of a plant, does not uniformly
absorb light. Chlorophyll has clear absorption peaks near a
wavelength of 660 nm in the red region and near a wavelength
0f'450 nm in the blue region. In association with such absorp-
tion peaks, a wavelength characteristic required for photosyn-
thesis has a first peak near a wavelength of 660 nm and a
second peak near a wavelength of 450 nm.

[0225] Therefore, at a maturation stage at which a plant
grows to have a leaf and becomes active in photosynthesis,
light having both red and blue optical elements is effective for
growth.

[0226] Meanwhile, blue light having a wavelength of near
450 nm also affects light reaction of plants called high-energy
reaction system and is, accordingly, essential for healthy mor-
phogenesis of specific plants. Therefore, at a germination and
nursery stage, the blue optical element increases in impor-
tance.

[0227] In this regard, according to the light emitting appa-
ratus 10 of substrate-type, the light emitting apparatus 10A of
substrate-type is suitable for an absorption range in the blue
region of chlorophyll, whereas the light emitting apparatus
10D of substrate-type is suitable for an absorption range in the
red region of chlorophyll.

[0228] According to the light emitting apparatus 10 of sub-
strate-type, it is possible to easily match between an emission
characteristic of the light emitting apparatus 10 of substrate-
type and an optical absorption characteristic of chlorophyll,
only by changing the compound ratio (weight ratio) between
the resin 7a and the red phosphors 74.

[0229] Meanwhile, in the field of optics, a quantity of light
is expressed in terms of, for example, photon flux density.
Note here that the photon flux density indicates a value
obtained by dividing, by an area of a light receiving surface of
an physical object, the number of photons with which the
light receiving surface is irradiated per second.
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[0230] In a case of using the photon flux density, the num-
ber of photons is counted. Therefore, the number to be
counted is the same both in a case of infrared light and in a
case of ultraviolet light. On the other hand, a photochemical
reaction occurs only when photons that a pigment can absorb
are received. As such, for example, receiving light that chlo-
rophyll cannot absorb means nothing to plants. In view of the
circumstances, in the field of photosynthesis, “photosynthetic
photon flux density” and “photosynthetic photon flux” are
defined only for light whose wavelength ranges from 400 nm
to 700 nm which light chlorophyll can absorb. Note that the
photosynthetic photon flux is obtained by multiplying the
photosynthetic photon flux density (PPFD) by an area which
receives light.

[0231] The above values do not merely express, in terms of
energy, the absorption peak wavelengths in the red region and
in the blue region of chlorophyll but expresses, in terms of the
number of photons, energy (i.e., energy necessary for photo-
synthesis) corresponding to the absorption spectra in the red
region and in the blue region for the purpose of finding light
intensity necessary for plant growth.

[0232] Note that the photosynthetic photon flux can be
found from (i) emission spectral characteristics of light emit-
ted from a light emitting apparatus and energy of one photon
per wavelength.

[0233] According to the light emitting apparatus 10A of
substrate-type illustrated in (a) of FIG. 7, a ratio, between (i)
the photosynthetic photon flux in the blue region ranging
from 400 nm to 480 nm and (ii) the photosynthetic photon
flux in the red region ranging from 620 nm to 700 nm, is 1:1.3.

[0234] Further, according to the light emitting apparatus
10B of substrate-type illustrated in (b) of FIG. 7, a ratio
between (i) the photosynthetic photon flux in the blue region
ranging from 400 nm to 480 nm and (ii) the photosynthetic
photon flux in the red region ranging from 620 nm to 700 nm
is 1:3.5.

[0235] According to the LED light source 10C of substrate-
type illustrated in (c) of FIG. 7, a ratio between (i) the pho-
tosynthetic photon flux in the blue region ranging from 400
nm to 480 nm and (ii) the photosynthetic photon flux in the
red region ranging from 620 nm to 700 nm is 1:7.5.

[0236] According to the light emitting apparatus 10D of
substrate-type illustrated in (d) of FIG. 7, the ratio between (i)
the photosynthetic photon flux in the blue region ranging
from 400 nm to 480 nm and (ii) the photosynthetic photon
flux in the red region ranging from 620 nm to 700 nm is 1:10.

[0237] That is, in cases where the premised technique is
used, the ratio, between (i) the photosynthetic photon flux in
the blue region ranging from 400 nm to 480 nm and (ii) the
photosynthetic photon flux in the red region ranging from 620
nm to 700 nm, falls within a ratio of 1:1.3 to 1:10. In view of
the fact, it is preferable to employ the light emitting apparatus
10 of substrate-type which is suitable for germination, nurs-
ery, and maturation of a plant.

[0238] Specifically, in a case where it is intended that the
light emitting apparatus 10 of substrate-type is provided on a
germination shelf or a nursery shelf so as to grow a plant, it is
preferable to employ the light emitting apparatuses 10A and
10B of substrate-type whose ratio, between (i) the photosyn-
thetic photon flux in the blue region ranging from 400 nm to
480 nm and (ii) the photosynthetic photon flux in the red
region ranging from 620 nm to 700 nm, falls within a ratio of
1:1.3 to 1:3.5. This makes it possible to cause the light emit-
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ting apparatuses 10A and 10B of substrate-type to be suitable
for germination and nursery of a plant.

[0239] Alternatively, in a case where it is intended that the
light emitting apparatus 10 of substrate-type is provided on a
maturation shelf so as to grow a plant, it is preferable to
employ the light emitting apparatuses 10C and 10D of sub-
strate-type whose ratio, between (i) the photosynthetic pho-
ton flux in the blue region ranging from 400 nm to 480 nm and
(ii) the photosynthetic photon flux in the red region ranging
from 620 nm to 700 nm, falls within a ratio of 1:7.5 to 1:10.
This makes it is possible to cause the light emitting appara-
tuses 10C and 10D of substrate-type to be suitable for matu-
ration of a plant.

[0240] FIG. 9 illustrates how relative luminous flux is
changed depending on temperature in each of the light emit-
ting apparatus 10 of substrate-type and a conventional single
red LED for plant cultivation. In FIG. 9, a horizontal axis
represents a junction temperature of a mounted chip, and a
vertical axis represents the relative luminous flux. As is clear
from FIG. 9, a difference of about 10% in the relative lumi-
nous flux occurs, in a high-temperature region near 100° C.,
between the light emitting apparatus 10 of substrate-type
(shown by a solid line in FIG. 9) and the conventional single
red LED for plant cultivation (shown by a broken line in FIG.
9). This is because the red LED is poor in temperature char-
acteristic. Note here that the bullet-shaped red LED lamp is a
light emitting apparatus prepared based on Embodiments of
and FIGS. 1 and 2 disclosed in Patent Literature 2.

[0241] It is thus demonstrated that the light emitting appa-
ratus 10 of substrate-type can emit light having optical ele-
ments which are stabler from low temperatures to high tem-
peratures, as compared with the conventional bullet-shaped
red LED lamp.

[0242] According to the light emitting apparatus 10 of sub-
strate-type, the red phosphors 75 are used instead of the red
LED. This causes an improvement in temperature character-
istic. According to the light emitting apparatus 10 of sub-
strate-type and a bullet-type LED lamp 40 (later described),
their emission peaks can well match the optical absorption
peaks of the optical absorption characteristic of chlorophyll.

[0243] (Red Phosphors)

[0244] Note here that, in the above description, the light
emitting apparatus 10 of substrate-type includes a CaAlISiNj;:
Eu phosphor as the red phosphors 7b. However, the red phos-
phors 75 are not limited to the CaAlSiN;:Eu phosphor. Alter-
natively, a (Sr,Ca)AISiN;:Eu phosphor can be employed as
the red phosphors 7. Note that the (Sr,Ca)AlSiN;:FEu phos-
phor is a phosphor obtained from the CaAlSiN;:Eu phosphor
by replacing part of Ca with Sr so that an emission peak
wavelength is shifted toward a shorter wavelength. As with
the CaAlSiN;:Eu phosphor, the (Sr,Ca)AlSiN;:Eu phosphor
has a stable temperature characteristic and high luminous
efficiency.

[0245] Specifically, it is preferable to employ, as the red
phosphors 756, the CaAlSiN;:Eu phosphor (whose emission
peak wavelength falls within a range of 650 nm to 660 nm) for
a plant or the like containing a large amount of chlorophyll a
(red region referred to as a Q band). Alternatively, it is pref-
erable to employ, as the red phosphors 75, the (Sr,Ca)AlSiN;:
Eu phosphor (whose emission peak is at a short wavelength
side (620 nm to 630), as compared with that of the CaAlSiNj:
Eu phosphor) for a plant or the like containing a large amount
of chlorophyll b.
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[0246] Alternatively, 3.5Mg0.0.5MgF,.GeO,:Mn,
La,0,8:Eu, Y,0,S:Eu, LiIEuW,0q, (Y, Gd, Eu),0;, (Y, Gd,
Euw)BO,;,YVO,:Eu, and/or CaS:Eu, Ce, K can be also used as
the red phosphors 75.

[0247] It goes without saying that two types of the red
phosphors 75, e.g., the CaAlSiN;:EU phosphor and the (Sr,
Ca)AISiN;:Euphosphor, can be used in combination. The use
of the two types of the red phosphors 75 is effective to culti-
vate a plant containing chlorophyll a and chlorophyll b.
[0248] In regard to the optical absorption characteristic in
the blue region of chlorophyll, the peak wavelength of light
emitted from the blue LED chips 2 can be set as appropriate
so as to match the absorption peaks of chlorophyll a and
chlorophyll b. For example, it is preferable to use the blue
LED chips 2 (type I) each of which emits light having a peak
wavelength ranging from 430 nm to 440 nm for a plant
containing a large amount of chlorophyll a. Alternatively, it is
preferable to use the blue LED chips 2 (type 1) each of which
emits light having a peak wavelength ranging from 450 nm to
460 nm for a plant containing a large amount of chlorophyll b.
[0249] Furthermore, the LED light source 10 of substrate-
type can be arranged such that a combination of the blue LED
chips 2 and the red phosphors 75 matches each type of chlo-
rophyll a and chlorophyll b.

[0250] For example, the LED light source 10 of substrate-
type can be arranged to include various combinations such as
(1) a combination of the blue LED chip 2 of type I and the red
phosphors 76 made of the CaAISiN,:Eu phosphor and (ii) a
combination of the blue LED chips 2 of type Il and the red
phosphors 76 made of the (Sr,Ca)AlSiN;:Eu phosphor.
[0251] In this case, in each arrangement, a compound ratio
(weight ratio) between the resin 7a and the red phosphors 75
is controlled as appropriate so as to be a desired ratio.
[0252] (Light Emitting Apparatus for Illumination)

[0253] The light emitting apparatus 10 of substrate-type
described above is a light emitting apparatus for plant culti-
vation. Therefore, it is not appropriate to use the light emitting
apparatus 10 of substrate-type as it is as a light emitting
apparatus for illumination necessary for human operation.
[0254] Inview ofthe circumstances, the following descrip-
tion will discuss how to improve the light emitting apparatus
10 of substrate-type so as to obtain a light emitting apparatus
20 for illumination necessary for human operation.

[0255] That is, in addition to the aforementioned configu-
ration of the LED light source 10 of substrate-type, green
phosphors 7¢, in addition to red phosphors 75, are dispersed
in a resin 7a of a resin layer 7 covering an upper part of each
of blue LED chips 2 (see (a), (b), and (¢) of FIG. 7).

[0256] Note here that the green phosphors which can be
used are not limited in particular, provided that each of the
green phosphors absorbs light emitted from the blue LED
chips and then emits light having an emission peak around a
wavelength of 550 nm. Examples of the green phosphors
include (Ba, Sr),Si0,:Eu, and (Si, Al)4(O,N)g:EU.

[0257] Specifically, the light emitting apparatus 20 for illu-
mination is configured such that the blue LED chips 2 are
provided on a substrate 1 and a resin dam 3 is provided so as
to surround the blue LED chips 2.

[0258] According to the premised technique, 156 blue LED
chips 2 are arranged so as to have 13 lines of blue LED chips
2, each of which lines is made up of 12 blue LED chips 2
serially connected to each other and which lines are con-
nected to each other in parallel. Note, however, that, accord-
ing to the present invention, the number of the blue LED chips
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2 is neither necessarily limited to be plural nor 156. As such,
the light emitting apparatus 20 for illumination can include
only a single blue LED chip 2. Moreover, how to arrange the
blue LED chips 2 is not particularly limited.

[0259] Inside the resin dam 3, each of the blue LED chips 2
arranged in a line is connected, via wire 5 which are electri-
cally conductive, to wires 4a and 45 provided at both sides of
the line. The wires 4a and 4b are connected to a cathode
electrode land 6a and an anode electrode land 6b, respec-
tively, each of which is provided on the substrate 1 and outside
of the resin dam 3.

[0260] Further, according to the light emitting apparatus 20
forillumination, the resin layer 7 is provided so as to fill inside
of the resin dam 3 and to cover the upper part of each of the
blue LED chips 2 (see (b) of FIG. 10). In this resin layer 7, the
red phosphors 75 and the green phosphors 7¢ are mixed and
dispersed.

[0261] Note here that, according to the light emitting appa-
ratus 20 for illumination, a compound ratio (weight ratio)
between the resin 7a, the red phosphors 75, and the green
phosphors 7c is, for example, 1:0.01:0.10. This compound
ratio (weigh ratio) gives an emission spectrum illustrated in
(c) of FIG. 10. According to the emission spectrum illustrated
in (¢) of FIG. 10, a quantity of light is large at a wavelength of
near 550 nm with which a human feels brightest. This shows
that the LED light source 20 for illumination is effective as a
illumination light source for human operation.

[0262] (Application to Plant Factory)

[0263] Next, the following description will discuss, with
reference to FIG. 11, an example application of the light
emitting apparatus 10 of substrate-type to a plant factory.
FIG. 11 is a view illustrating an example of a plant factory 30
in which a light emitting apparatus 10 of substrate-type and a
light emitting apparatus 20 for illumination are used.

[0264] As illustrated in FIG. 11, in the plant factory 30, for
example, 1300 light emitting apparatuses 10A of substrate-
type are provided on germination shelves, 4600 light emitting
apparatuses 10A of substrate-type are provided on nursery
shelves, and 17000 light emitting apparatuses 10D of sub-
strate-type are provided on maturation shelves. 3700 light
emitting apparatus 20 for illumination are provided in a ship-
ment room where a human works.

[0265] As has been described, the light emitting apparatus
for plant cultivation using the premised technique includes (i)
at least one blue LED chip 2 which has an emission peak
falling within a wavelength range of 400 nm to 480 nm so as
to match the absorption peak in the blue region of chlorophyll,
(ii) the red phosphors 76 each of which emits, upon receipt of
excitation light from the at least one blue LED chip 2, light
having an emission peak falling within a wavelength range of
620 nm 700 nm so as to match the absorption peak in the red
region of chlorophyll, and (iii) a resin layer 7 in which the red
phosphors 75 are dispersed and which covers the at least one
blue LED chip 2.

[0266] With the configuration, the light emitting apparatus
for plant cultivation includes the at least one blue LED chip 2
and the resin layer 7 which covers the at least one blue LED
chip 2 and in which the red phosphors 76 are dispersed. With
the configuration, the at least one blue LED chip 2 emits light
having the emission peak falling within a wavelength range of
400 nm to 480 nm so as to match the absorption peak in the
blue region of chlorophyll, and the red phosphors 75 emit,
upon receipt of excitation light from the at least one blue LED
chip 2, light having the emission peak falling within a wave-
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length range of 620 nm to 700 nm so as to match the absorp-
tion peak in the red region of chlorophyll.

[0267] It follows that the light emitting apparatus requires
only a single type of blue LED chip(s) 2, instead of separate
two types of LED chips, i.e., a blue LED chip(s) 2 and a red
LED chip(s), in order to emit light which matches the absorp-
tion peaks in the blue region and in the red region of chloro-
phyll which light is necessary for the growth of a plant. This
causes the light emitting apparatus not to occupy a large area.
Moreover, since the red phosphors 75 are dispersed in the
resin layer, it is possible to disperse the red phosphors in the
resin at a predetermined compound ratio (weight ratio). In
accordance with the compound ratio (weight ratio), it is pos-
sible to change (i) a quantity of light in the blue region and (ii)
a quantity of light in the red region.

[0268] It is therefore possible to provide an LED light
source for plant cultivation capable of, with a simple and
compact configuration, (i) easily adjusting a ratio between a
quantity oflight in the blue region and a quantity of light in the
red region and (ii) emitting mixed-color light of blue light and
red light with little spatial uneven color.

[0269] Further, the light emitting apparatus 10 of substrate-
type is preferably arranged such that the ratio between (i) the
photosynthetic photon flux in the blue region ranging from
400 nm to 480 nm and (ii) the photosynthetic photon flux in
the red region ranging from 620 nm to 700 nm falls within a
ratio of' 1:1.3 to 1:10. This makes it possible to cause the light
emitting apparatus 10 of substrate-type to be suitable for
germination, nursery, and maturation of a plant.

[0270] Further, according to the light emitting apparatus 10
of substrate-type, the compound ratio (weight ratio), in the
resin layer 7, between the resin 7a and the red phosphors 76
falls within a ratio of 1:0.05 to 1:0.20. This makes it possible
to cause the light emitting apparatus 10 of substrate-type to be
suitable for germination, nursery, and maturation of a plant.

[0271] Ina case where it is intended that the light emitting
apparatus 10 of substrate-type is provided on a germination
shelf or a nursery shelf, it is preferable that the compound
ratio (weight ratio), in the resin layer 7, between the resin 7a
and the red phosphors 76 falls within a ratio of 1:0.05 to
1:0.10.

[0272] That is, chlorophyll, which plays a main role in
photosynthesis of a plant, does not uniformly absorb light.
Chlorophyll has clear absorption peaks near a wavelength of
660 nm in the red region and near a wavelength of 450 nm in
the blue region. In association with such absorption peaks, a
wavelength characteristic required for photosynthesis has a
first peak near a wavelength of 660 nm and a second peak near
a wavelength of 450 nm.

[0273] That is, at the maturation stage at which a plant
grows to have a leaf and becomes active in photosynthesis,
light having both blue and red optical elements is effective for
growth of the plant. Meanwhile, blue light having a wave-
length of near 450 nm also affects light reaction of plants
called high-energy reaction system and is, accordingly,
essential for healthy morphogenesis of a plant. Therefore, at
the germination and nursery stage, the blue optical element
increases in importance.

[0274] In this regard, according to the premised technique,
the compound ratio (weight ratio), in the resin layer 7,
between the resin 7a and the red phosphors 75 falls within a
ratio 0f 1:0.05 to 1:0.10. Such a compound ratio (weight ratio)
makes it possible to provide a light emitting apparatus 10 of
substrate-type which easily emits light having a blue optical
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element essential for healthy morphogenesis of a plant at the
germination and nursery stage.

[0275] Alternatively, in a case where it is intended that the
light emitting apparatus 10 of substrate-type is provided on a
maturation shelf, the light emitting apparatus 10 of substrate-
type is arranged such that the compound ratio (weight ratio),
in the resin layer 7, between the resin 7a and the red phos-
phors 76 falls within a ratio of 1:0.15 to 1:0.20. Such a
compound ratio (weight ratio) makes it possible to provide a
LED light source 10 of substrate-type which easily emits light
having both blue and red optical elements at the maturation
stage at which a plant grows to have a leaf and becomes active
in photosynthesis.

[0276] Further, in a case where it is intended that the light
emitting apparatus 10 of substrate-type is provided on the
germination shelf or the nursery shelf; it is preferable that the
light emitting apparatus 10 of substrate-type is arranged such
that the ratio between (i) the photosynthetic photon flux in the
blue region ranging from 400 nm to 480 nm and (ii) the
photosynthetic photon flux in the red region ranging from 620
nm to 700 nm falls within a ratio of 1:1.3 to 1:3.5. This makes
it possible to cause the light emitting apparatus 10 of sub-
strate-type to be suitable for germination and nursery of a
plant.

[0277] Alternatively, in a case where it is intended that the
light emitting apparatus 10 of substrate-type is provided on
the maturation shelf, it is preferable that the light emitting
apparatus 10 of substrate-type is arranged such that the ratio
between (i) the photosynthetic photon flux in the blue region
ranging from 400 nm to 480 nm and (ii) the photosynthetic
photon flux in the red region ranging from 620 nm to 700 nm
falls within a ratio of 1:7.5 to 1:10. This makes it possible to
cause the light emitting apparatus 10 of substrate-type to be
suitable for maturation of a plant.

[0278] Further, the light emitting apparatus 10 of substrate-
type is preferably arranged such that, for cultivation of a plant
containing more chlorophyll a than chlorophyll b, the red
phosphors 75 each contain CaAlSiN;:Eu components.

[0279] Specifically, plants contain chlorophyll a and chlo-
rophyll b. The chlorophyll a and chlorophyll b have respective
different light absorption characteristics. More specifically,
chlorophyll a has an absorption peak falling within a wave-
length range of 650 nm to 660 nm in the red region, whereas
chlorophyll b has an absorption peak falling within a wave-
length range of 620 nm to 630 nm in the red region.

[0280] In view of the circumstances, the light emitting
apparatus 10 of substrate-type is arranged such that, for cul-
tivation of a plant containing more chlorophyll a than chlo-
rophyll b, the red phosphors 76 each contain CaAlSiN;:Eu
components. That is, a red phosphor containing the
CaAlSiN;:Eu components is capable of emitting light having
an emission peak wavelength falling within a range of 650 nm
to 660 nm.

[0281] Therefore, for cultivating a plant containing more
chlorophyll a than chlorophyll b, it is preferable to use red
phosphors 75 each containing CaAlSiN;:Eu components.
[0282] Further, the light apparatus 10 of substrate-type is
preferably arranged such that, for cultivation of a plant con-
taining more chlorophyll b than chlorophyll a, the red phos-
phors 7b each contain (Sr,Ca)AlSiN;:Eu components.
[0283] Thatis, chlorophyll b has the absorption peak falling
within a wavelength range of 620 nm to 630 nm in the red
region, and a red phosphor containing (Sr,Ca)AlSiN;:Eu
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components is capable of emitting light having an emission
peak wavelength falling within a range of 620 nm to 630 nm.
[0284] Therefore, for cultivating a plant containing more
chlorophyll b than chlorophyll a, it is preferable to use red
phosphors 756 each containing (Sr,Ca)AlSiN;:Eu compo-
nents.

[0285] Further, the light emitting apparatus 10 of substrate-
type is configured such that (i) the plurality of blue LED chips
2 are provided on the substrate 1, (ii) the resin dam 3 is
provided so as to surround the plurality of blue LED chips 2,
and (iii) the resin 7a in which the red phosphors 75 are
dispersed is provided so as to fill inside of the resin dam 3.
[0286] It is therefore possible to emit a large quantity of
light with the use of a single light emitting apparatus 10 of
substrate-type occupying only a small area.

[0287] Further, the light emitting apparatus 10 of substrate-
typeis configured to emit (1) blue light having a wavelength of
400 nm to 480 nm and (ii) red light having a wavelength of
620 nm to 700 nm.

[0288] This makes it possible to achieve both blue and red
peaks necessary for growth of a plant, with the use of a single
LED light source 10 of substrate-type. Since a single light
emitting apparatus 10 of substrate-type is capable of produc-
ing both blue and red peaks, the light emitting apparatus 10 of
substrate-type allows (i) a reduction in area which the light
emitting apparatus 10 of substrate-type occupies, (ii) an
increase inreliability, and (iii) an increase in suitability for the
use in a plant factory etc.

[0289] Furthermore, according to the light emitting appa-
ratus 10 of substrate-type, the blue light is emitted from the
blue LED chips 2, and the red light is emitted from the red
phosphors 7. That is, according to the light emitting appa-
ratus 10 of substrate-type, the optical absorption peaks of the
light absorption characteristics of chlorophyll are achieved in
the vicinity of a light emitting section. Therefore, the blue
light and the red light are uniformly emitted from the light
emitting apparatus 10 of substrate-type. That is, according to
the light emitting apparatus 10 of substrate-type, the optical
absorption peaks of the light absorption characteristics of
chlorophyll are achieved in the vicinity of a light emitting
section. Therefore, the blue light and the red light are uni-
formly emitted from the light emitting apparatus 10 of sub-
strate-type.

[0290] Specifically, part of the blue light emitted from the
blue LED chips 2 is absorbed and converted to the red light by
the red phosphors 75, and the other of the blue light is scat-
tered by the red phosphors 75. In addition, since a particle of
each ofthe red phosphors 75 is a point light source, blue light
or red light is uniformly emitted.

[0291] This makes it possible to achieve both blue and red
peaks necessary for growth of a plant, with the use of a single
light emitting apparatus 10 of substrate-type. Such a single
light emitting apparatus 10 of substrate-type allows (i) a
reduction in area which the light emitting apparatus 10 of
substrate-type occupies, (ii) an increase in reliability, and (iii)
an increase in suitability for the use in a plant factory etc.
[0292] Further, the plant factory 30 using the premised
technique includes: the light emitting apparatus 10A of sub-
strate-type and/or the light emitting apparatus 10B of sub-
strate-type; and the light emitting apparatus 10C of substrate-
type and/or the light emitting apparatus 10D of substrate-
type.

[0293] Accordingly, it is possible to provide a plant factory
30 including a light emitting apparatus 10 of substrate-type
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capable of, with a simple and compact configuration, easily
adjusting a ratio between a quantity of light in the blue region
and a quantity of light in the red region.

[0294] For example, according to (a) and (b) of FIG. 5,
nothing is provided on a back surface of the substrate 1. Note,
however, that this does not imply any limitation. Alterna-
tively, for example, a finned heat sink can be further provided
on the back surface of the substrate 1 which also serves as a
heat radiation plate for the LED light source 10 of substrate-
type. Thatis, the finned heat sink can be provided on a surface
opposite to a surface on which the blue LED chips 2 are
provided. This allows the substrate 1 to be cooled down by the
finned heat sink when air flow is used in a room of a plant
factory. Note that, in this case, it is preferable that an opening
of'the finned heat sink is set to be pointed in a direction of the
air flow.

[0295] Alternatively, a tube through which a nutrient solu-
tion flows can be provided on the back surface of the substrate
1. That is, for example, a nutrient solution for culture and
cultivation of a living thing can be used to cool down the
substrate 1 and is then used to culture and cultivate the living
thing. This makes it possible to suitably cool down the LED
light source 10 of substrate-type, and it is therefore possible to
stably emit blue light and red light which matches the optical
absorption peaks of the light absorption characteristics of
chlorophyll.

[0296] As described above, the light emitting apparatus 10
of substrate-type is preferably configured such that a finned
heat sink, which serves as cooling means, is provided on the
back surface of the substrate 1.

[0297] This makes it possible to cool down the blue LED
chips 2 whose temperatures have increased.

[0298] (Blue-Complex-Type Light Emitting Apparatus)
[0299] The following description will discuss, with refer-
ence to FIG. 13, a blue-complex-type light emitting appara-
tus.

[0300] The light emitting apparatus 10 of substrate-type
includes at least one blue LED chip which has an emission
peak falling within a wavelength range of 400 nm to 480 nm
so as to match the absorption peak in the blue region of
chlorophyll.

[0301] On the other hand, the blue-complex-type light
emitting apparatus is different from the other light emitting
apparatuses in that blue LED chips are constituted by (i) at
least one blue LED chip for chlorophyll a which blue LED
chip has an emission peak falling within a wavelength range
01400 nm to 450 nm so as to match the absorption peak in the
blue region of chlorophyll a and (ii) at least one blue LED chip
for chlorophyll b which blue LED chip has an emission peak
falling within a wavelength range of 400 nm to 480 nm so as
to match the absorption peak in the blue region of chlorophyll
b.

[0302] Specifically, a light emitting apparatus 50 of sub-
strate-type, serving as a light emitting apparatus for plant
cultivation, is constituted by (i) a substrate 1, (ii) a plurality of
blue LED chips 2 and a plurality of blue LED chips 52
provided on the substrate 1, and (iii) a resin dam 3 which is
made of resin and surrounds the blue LED chips 2 and 52 (see
(a) of FIG. 13).

[0303] Asillustrated in (b) of FIG. 13, inside the resin dam
3, each of the blue LED chips 2 and the blue LED chips 52
arranged in line is connected, via wires 5§ which are electri-
cally conductive, to wires 4a and 45 provided at both sides of
the line. The wires 4a and 4b are connected to a cathode
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electrode land 6a and an anode electrode land 6b, respec-
tively, each of which is provided on the substrate 1 and outside
the resin dam 3.

[0304] Inside the resin dam 3, a resin layer 7 is provided
which covers an upper part of each of the blue LED chips 2
and the blue LED chips 52 (see (b) of FIG. 13). The resin layer
7 is made up of (i) a resin 7a which fills inside of the resin dam
3 and (ii) red phosphors 76 mixed and dispersed in the resin
Ta.

[0305] Eachofthe blue LED chips 2 emits blue light having
awavelength falling within a range 0f400 nm to 480 nm in the
blue region (long wavelengths in the blue region), which light
matches the absorption peak in the blue region of chlorophyll
b. That is, each of the blue LED chips 2 for the long wave-
lengths in the blue region serves as a blue LED chip for
chlorophyll b of the present invention.

[0306] On the other hand, each of the blue LED chips 52
emits blue light having a wavelength falling within a range of
400 nm to 450 nm in the blue region (short wavelengths in the
blue region), which light matches the absorption peak in the
blue region of chlorophyll a. That is, each of the blue LED
chips 52 for the short wavelengths in the blue region serves as
a blue LED chip for chlorophyll a of the present invention.

[0307] Further, each of the red phosphors 76 emits, upon
absorbing light from the blue LED chips 2 and light from the
blue LED chips 52, red light having an emission peak falling
within a wavelength range of 620 nm to 700 nm which
matches the absorption peaks in the red region of chlorophyll
a and chlorophyll b.

[0308] Specifically, plants contain chlorophyll a and chlo-
rophyllb. The chlorophyll a and chlorophyll b have respective
different light absorption characteristics in the blue region.
More specifically, as illustrated in FIG. 8 described above,
chlorophyll a has the absorption peak falling within a wave-
length range of 400 nm to 450 nm in the blue region, whereas
chlorophyll b has the absorption peak falling within a wave-
length range of 400 nm to 480 nm in the blue region.

[0309] In view of the circumstances, the light emitting
apparatus 50 of substrate-type, serving as a light emitting
apparatus for plant cultivation, is configured such that the
blue LED chips are constituted by (i) at least one blue LED
chip 52 (blue LED chip for chlorophyll a) for the short wave-
lengths in the blue region, which has an emission peak falling
within a wavelength range of 400 nm to 450 nm so as to match
the absorption peak in the blue region of chlorophyll a and (ii)
at least one blue LED chip 2 (blue LED chip for chlorophyll
b) for the long wavelengths in the blue region, which has an
emission peak falling within a wavelength range 0of 400 nm to
480 nm so as to match the absorption peak in the blue region
of chlorophyll b.

[0310] This makes it possible to provide an LED light
source for plant cultivation which is more suitable for a plant
containing chlorophyll a and chlorophyll b.

[0311] Note that the foregoing description has discussed
the LED light source 50 of substrate-type, serving as an LED
light source for plant cultivation, which is partly different in
configuration from the LED light source 10 of substrate-type.
Note, however, that the LED light source for plant cultivation
of'the present invention is not limited to this configuration. A
bullet-shaped LED lamp partly different in configuration
from a bullet-shaped LED lamp 40 to be described in the
following Comparative Technique can be also employed.
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[Comparative Technique]

[0312] The following description will discuss, with refer-
ence to FIG. 12, a comparative technique. Note that configu-
rations other than those described in Comparative Technique
are identical to those described in Premised Technique.
[0313] (Configuration of Light Emitting Apparatus of
Comparative Technique)

[0314] Each ofthe light emitting apparatus 10 of substrate-
type and the light emitting apparatus 20 for illumination
described in Premised Technique includes (i) a substrate 1
and (i) at least one blue LED chip 2 provided on the substrate
1. However, as illustrated in (a) and (b) of FIG. 12, a light
emitting apparatus for plant cultivation using the comparative
technique is different from the light emitting apparatus 10 of
substrate-type and the light emitting apparatus 20 in that the
light emitting apparatus has a typical bullet shape.

[0315] The following description will discuss, with refer-
ence to (a) and (b) of FIG. 12, a configuration of the light
emitting apparatus for plant cultivation using the comparative
technique. (a) and (b) of FIG. 12 are each a cross-sectional
view schematically illustrating a configuration of a bullet-
shaped LED lamp.

[0316] As illustrated in (a) and (b) of FIG. 12, a bullet-
shaped LED lamp 40 using the comparative technique, which
LED lamp 40 serves as a light emitting apparatus for plant
cultivation, includes (i) a mount lead cup (cup) 41, (ii) a blue
LED chip 2 bonded in the mount lead cup 41, (iii) a resin layer
7 constituted by red phosphors 76 and a resin 7a made of
silicone resin, (iv) wires 5 which are electrically conductive
(conductive wires), (v) an anode lead frame 42 (anode lead),
(vi) a cathode lead frame 43 (cathode lead), and (vii) a sealing
resin 44 made of epoxy resin, which sealing resin 44 has a
shape of a bullet and encloses all the members except an end
of the anode lead frame 42 and an end of the cathode lead
frame 43. Each of the red phosphors 75 used here can be a
CaAlSiN,:Eu phosphor, for example.

[0317] The bullet-shaped LED lamp 40 is produced in the
following manner. The blue LED chip 2 is bonded in the
mount lead cup 41. Next, (i) the blue LED chip 2 and a mount
lead (not illustrated) are electrically connected via a wire 5
and (ii) the blue LED chip 2 and an inner lead (not illustrated)
are electrically connected via another wire 5. After that, the
red phosphors 76 are mixed into and dispersed in the resin 7a,
and the resin 7a is poured into the mount lead cup 41 to form
the resin layer 7. As a result, the resin layer 7 covers and fixes
the blue LED chip 2. Lastly, all the members are covered and
protected by the sealing resin 44 (mold member) made of
epoxy resin.

[0318] According to the bullet-shaped LED lamp 40, the
blue LED chip 2 emits blue light having a wavelength falling
within a range of 400 nm to 480 nm. The blue light matches
an absorption peak in a blue region of chlorophyll. On the
other hand, the red phosphors 76 emit, upon absorbing the
light from the blue LED chip 2, red light having an emission
peak falling within a wavelength range of 620 nm to 700 nm.
The red light matches an absorption peak in a red region of
chlorophyll.

[0319] According to the comparative technique, the bullet-
shaped LED lamp 40 as illustrated in (a) of FIG. 12 is a
bullet-shaped LED lamp 40A in which the compound ratio
between the resin 7a and the red phosphors 75 is 1:0.05. The
bullet-shaped LED lamp 40A is configured to emit light hav-
ing a spectrum identical to that (see (a) of FIG. 7) of the LED
light source 10A of substrate-type.
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[0320] Therefore, the bullet-shaped LED lamp 40A
matches the absorption peak in the blue region of chlorophyll,
and is preferably used for germination and nursery. Note,
however, that this does not imply any limitation. The bullet-
shaped LED lamp 40 can also be configured such that the
compound ratio between the resin 7a and the red phosphors
7b falls within a ratio of 1:0.10 to 1:0.15.

[0321] On the other hand, the bullet-shaped LED lamp 40
as illustrated in (b) of FIG. 12 is a bullet-shaped LED lamp
40D in which the compound ratio between the resin 7a and
the red phosphors 754 is 1:0.20. That is, the bullet-shaped LED
lamp 40D is configured to emit light having a spectrum iden-
tical to that (see (b) of FIG. 7) of the light emitting apparatus
10D of substrate-type. As such, the bullet-shaped LED lamp
40D matches the absorption peak in the red region of chloro-
phyll, and is preferably used for maturation.

[0322] Such a bullet-shaped LED lamp 40 is attached to a
position where it is difficult to attach the light emitting appa-
ratus 10 of substrate-type, which is constituted by the sub-
strate 1 and the blue LED chips 2 provided on the substrate 1
(described in Premised Technique). Note, however, that there
are not so many places where it is difficult to attach the light
emitting apparatus 10 of substrate-type. Therefore, the light
emitting apparatus 10 of substrate-type and the bullet-shaped
LED lamp 40 can be used in combination.

[0323] Lastly, Table 1 shows a comparison of (i) the light
emitting apparatus 10 of substrate-type, (ii) the bullet-shaped
LED lamp 40, and (iii) a combination of a conventional
bullet-shaped red LED lamp and a conventional bullet-shaped
blue LED lamp. Note that the conventional bullet-shaped red
LED lamp is a light emitting apparatus manufactured in
accordance with “Description of Embodiments” and FIGS. 1
and 2 of Patent Literature 2.

TABLE 1
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red LED lamp and the conventional bullet-shaped blue LED
lamp in terms of all of the following points: reliability, cost,
characteristics, installation area and life.

[0325] Specifically, with regard to the installation area,
assuming that a combination of a bullet-shaped blue LED and
a bullet-shaped red LED (conventional technique) occupies
an area of 1, the bullet-shaped LED lamp 40 occupies an area
of %5 and the LED light source 10 of substrate-type and the
LED light source 20 for illumination each occupy an area of
Vs. That is, the light emitting apparatus 10 of substrate-type,
the light emitting apparatus 20 for illumination, and the bul-
let-shaped LED lamp 40 are advantageous in that each of
them occupies only a small area.

[0326] Further, withregard to costs, the light emitting appa-
ratus 10 of substrate-type, the light emitting apparatus 20 for
illumination, and the bullet-shaped LED lamp 40 are clearly
more cost effective than the conventional techniques.

[0327] Furthermore, the light emitting apparatus 10 of sub-
strate-type and the light emitting apparatus 20 for illumina-
tion last for 30,000 to 40,000 hours. It is needless to say that
this is longer than the life of an electric lamp (bulb), and is 10
times or more as long as the life of a fluorescent lamp.

[0328] As described above, the bullet-shaped LED lamp
40, serving as a light emitting apparatus for plant cultivation,
includes (i) the cathode lead frame 43, (i1) the mount lead cup
41 connected to the cathode lead frame 43, (iii) at least one
blue LED chip 2 provided in the mount lead cup 41, (iv) the
anode lead frame 42 connected, via the wire 5, to the at least
one blue LED chip 2 provided in the mount lead cup 41, (v)
the resin layer 7 in which the red phosphors 75 are dispersed
and with which the mount lead cup 41 is filled so that the at
least one blue LED chip 2 is covered, and (vi) the sealing resin

Premised Technique
Light emitting apparatus
of substrate-type

Comparative Technique
Bullet-shaped LED lamp

Conventional example
Bullet-shaped red LED lamp and
bullet-shaped blue LED lamp

Epoxy resin

Material Ceramic Epoxy resin
Silicone resin Silicone resin
Reliability Reliability is improved because  Reliability is improved because
1o epoxy resin is used and thus ~ short-wavelength component
there is a less deterioration in (cause of deterioration) is
resin converted into red component
Cost Processing cost is reduced due to  Cost is reduced because red
good chromaticity achieved by ~ phosphor is used in place of red
controlling a ratio of resin to red LED chip
phosphor
Packaging cost is reduced
because only a single type of LED
chip (blue LED chip) is used and
thus the LED chip can be packed
into a single package by a high-
density packaging technique
Cost is reduced because red
phosphor is used in place of red
LED chip
Characteristics Temperature characteristic is Temperature characteristic is

Installation area

Depends on the life of red LED
chip

Transmittance of resin decreases
due to short-wavelength light
Red LED chip is expensive

Temperature characteristic of

improved (by approximately 10%) improved (by approximately 10%) red LED chip is not good

because no red LED chip is used because no red LED chip is used

Ys (assuming that a
conventional example is 1)

Y4 (assuming that a
conventional example is 1)

1

Life 40,000 hours at an ambient 15,000 hours at an ambient 5,000 hours at an ambient
temperature of 50° C. temperature of 50° C. temperature of 50° C.
[0324] Asisclearfrom Table 1, the light emitting apparatus

10 of substrate-type and the bullet-shaped LED lamp 40 are
superior to the combination of the conventional bullet-shaped

44 which has abullet shape and encloses the entire mount lead
cup 41 such that the end of the cathode lead frame 43 and the
end of the anode lead frame 42 are exposed.
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[0329] This makes it possible to provide a bullet-shaped
LED lamp 40 having a so-called bullet shape. Since such a
bullet-shaped LED lamp 40 having a bullet shape occupies
only a small area, the bullet-shaped LED lamp 40 is suitable
for spotlighting for plant cultivation.

[0330] Thelight emitting apparatus of the present invention
is preferably arranged such that the at least one first blue LED
chip and the atleast one second blue LED chip each emit light
having an emission peak wavelength which falls within a
range of 400 nm to 480 nm; and the red phosphor emits light
having an emission peak wavelength which falls within a
range of 620 nm to 700 nm.

[0331] It is known that chlorophyll, which absorbs light
necessary for a living thing to carry out photosynthesis, has
optical absorption peaks in a blue region (within a wavelength
range of 400 nm to 480 nm) and in a red region (within a
wavelength range of 620 nm to 700 nm).

[0332] According to the above configuration, the optical
absorption peak in the blue region of chlorophyll matches the
emission peak of light emitted from the blue LED chip,
whereas the optical absorption peak in the red region of
chlorophyll corresponds to the emission peak of light emitted
from the red phosphor upon receipt of excitation light from
the blue LED chip. It is therefore possible to provide a light
emitting apparatus capable of more effectively cultivating or
culturing a specific living thing.

[0333] Thelight emitting apparatus of the present invention
is preferably arranged such that the emission peak wave-
length of light emitted from the at least one first blue LED
chip provided in the first light emitting section is different
from that of light emitted from the at least one second blue
LED chip provided in the second light emitting section.
[0334] Chlorophyll a and chlorophyll b are each known as
akind of chlorophyll, which (i) are often seen in, for example,
plants and some of algae and (ii) have respective different
optical absorption characteristics. Specifically, chlorophyll a
has an optical absorption peak falling within a wavelength
range of 430 nm to 440 nm, whereas chlorophyll b has an
optical absorption peak falling within a wavelength range of
450 nm to 460 nm.

[0335] According to the above configuration, it is possible
to independently control a quantity of light from the first light
emitting section and a quantity of light from the second light
emitting section. This makes it possible to control, as appro-
priate, light so as to have a quantity suitable for a specific
target living thing which has various ratios between chloro-
phyll a and chlorophyll b. It is therefore possible to provide a
light emitting apparatus which emits an optical element more
suitable for the specific target living thing.

[0336] Obviously, such a compound that absorbs light nec-
essary for a living thing to carry out photosynthesis is not
limited to chlorophyll a and chlorophyll b, and includes vari-
ous compounds. Therefore, it is necessary to select a blue
LED chip as appropriate in accordance with a compound.
[0337] Thelight emitting apparatus of the present invention
is preferably arranged such that a ratio, between photosyn-
thetic photon flux falling within a wavelength range of 400
nm to 480 nm (blue region) and photosynthetic photon flux
falling within a wavelength range of 620 nm to 700 nm (red
region), is 1:1.3 to 1:10.

[0338] Ingeneral, in a case of using the photon flux density,
the number of photons is counted. Therefore, the number to
be counted is the same both in a case of infrared light and in
acase of ultraviolet light. On the other hand, a photochemical
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reaction occurs only when photons that a pigment can absorb
are received. As such, for example, receiving light that chlo-
rophyll cannot absorb means nothing to plants. In view of the
circumstances, in the field of photosynthesis, “photosynthetic
photon flux density” and “photosynthetic photon flux” are
defined only for light whose wavelength ranges from 400 nm
to 700 nm which light chlorophyll can absorb.

[0339] According to the above configuration, it is possible
to provide a light emitting apparatus suitable for germination,
nursery, and maturation of a plant, or for culture of specific
algae or bacteria.

[0340] Thelight emitting apparatus of the present invention
is preferably arranged such that the red phosphor has (Sr,Ca)
AlSiN;:Eu components and/or CaAlSiN;:Eu components.
[0341] An emission peak of each of CaAlSiN;:Eu phos-
phors, which peak falls within a wavelength range of 620 nm
to 660 nm, matches the optical absorption peak of chlorophyll
a, which peak falls within a wavelength range of 650 nm to
660 nm in the red region. An emission peak of each of (Sr,
Ca)AISiN;:Eu phosphors, which peak falls within a wave-
length range of 620 nm to 630 nm, matches the optical
absorption peak of chlorophyll b, which peak falls within a
wavelength range of 620 nm to 630 nm in the red region.
[0342] Therefore, according to the above configuration, it
is possible to emit light having an emission peak which
matches the optical absorption peaks in the red region of
chlorophyll a and chlorophyll b which are often seen in plants
or algae. It is therefore possible to provide a light emitting
apparatus suitable for cultivation or culture of a plant or algae
containing a large amount of chlorophyll a or chlorophyll b.
[0343] Thelight emitting apparatus of the present invention
is preferably arranged such that the at least one first blue LED
chip and the at least one second blue LED chip are each at
least one of (i) a blue LED chip which emits light having an
emission peak wavelength which falls within a range of 430
nm to 440 nm and (ii) a blue LED chip which emits light
having an emission peak wavelength which falls within a
range of 450 nm to 460 nm.

[0344] According to the above configuration, by providing
two types of blue LED chips, it is possible to provide a light
emitting apparatus capable of emitting light having an optical
element suitable for a specific target living thing having a
certain ratio between chlorophyll a and chlorophyll b.
[0345] Thelight emitting apparatus of the present invention
further includes: a resin wall provided so as to enclose a
region in which the at least one first blue LED chip and the at
least one second blue LED chip are provided, part of the
region, enclosed by the resin wall in which part the first light
emitting section is provided, being filled with the resin in
which the red phosphor is dispersed, part of the region,
enclosed by the resin wall in which part the second light
emitting section is provided, being filled with a light-perme-
able resin which seals the at least one second blue LED chip.
With this, it is possible to suitably form light emitting sections
as a light emitting apparatus of substrate-type.

[0346] Thelight emitting apparatus of the present invention
is preferably arranged such that a finned heat sink is provided
on a surface of the substrate which surface is opposite to a
surface on which the first and second light emitting sections
are provided.

[0347] With the configuration, it is possible to effectively
cool down the substrate by the finned heat sink when air flow
is used in a room in which the light emitting apparatus is
provided. Further, by effectively cooling down the substrate,
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emission characteristics of the blue LED chip and the red
phosphor are stabilized. It is therefore possible to stabilize
composition of red and blue light.

[0348] Thelight emitting apparatus of the present invention
is preferably arranged such that a tube through which a nutri-
ent solution flows is provided on a surface of the substrate
which surface is opposite to a surface on which the first and
second light emitting sections are provided.

[0349] With the configuration, it is possible to effectively
cool down the light emitting apparatus. Further, by effectively
cooling down the light emitting apparatus, emission charac-
teristics of the blue LED chip and the red phosphor are sta-
bilized. It is therefore possible to emit red and blue light stable
in composition.

[0350] The method of manufacturing a light emitting appa-
ratus of the present invention further includes, between the
bonding step and the phosphor-containing resin layer form-
ing step, the steps of: (i) forming a resin wall so as to enclose
the first region and the second region; and (ii) in the second
light emitting section, sealing, with a light-permeable resin,
the at least one of the plurality of blue LED chips which one
is provided in the second region, in the phosphor-containing
resin layer forming step, the first region enclosed by the resin
wall being filled with the resin in which the red phosphor is
dispersed so that the resin covers the at least one of the
plurality of blue LED chips which one is provided in the first
region, in the sealing step with a light-permeable resin, the
second region enclosed by the resin wall being filled with the
light-permeable resin so that the light-permeable resin covers
the at least one of the plurality of blue LED chips which one
is provided in the second region.

[0351] According to the above method, it is possible to use,
as the resin layer, a resin which is low in viscosity, and thus
possible to form the resin layer more effectively.

[0352] According to the method of manufacturing a light
emitting apparatus of the present invention, the phosphor-
containing resin layer is made of silicone resin: and the sili-
cone resin of the phosphor-containing resin layer of the first
light emitting section is a resin which has high thixotropy and
does not have flowability.

[0353] According to the above method, use of silicone resin
causes a less deterioration in resin and, accordingly, allows an
increase in reliability, as compared with conventional epoxy
resin. Further, the silicone resin of the resin layer of the first
light emitting section is a resin which is high in thixotropy and
does not have flowability. It is therefore possible to easily
form the resin layer in the mixed light emitting section with-
out forming a resin wall between the first and the second light
emitting sections. Further, forming no resin wall between the
first and the second light emitting sections allows an increase
in areas of the first and second light emitting sections. It is
therefore possible to provide a light emitting apparatus
capable of effectively emitting light.

INDUSTRIAL APPLICABILITY

[0354] The present invention can be used as a light emitting
apparatus employing a plurality of LEDs or a light emitting
apparatus used to cultivate or culture a photosynthetic living
thing. Further, the present invention can be used by (i) a plant
factory for growing a plant, (ii) a culturing factory for cultur-
ing photosynthetic algae or bacteria, and (iii) cosmetic manu-
facturer, food manufacturer, or medical supply manufacturer
each of which requires a compound obtained from a photo-
synthetic plant, algae, or bacteria.
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REFERENCE SIGNS LIST

[0355] 100 Light emitting apparatus (spiral)

[0356] 1, 101 Substrate

[0357] 102 Blue LED chips (light emitting elements)
[0358] 105 First resin dam (resin wall)

[0359] 106 Second resin dam (resin wall)

[0360] 107 Phosphor-containing resin layer

[0361] 108 Light-permeable resin layer

[0362] 7b,109 Red phosphors

[0363] 110 to 113 Electrode lands

[0364] 200 Light emitting apparatus (horizontal-striped)
[0365] 300 Light emitting apparatus (crossed)

[0366] 400 Light emitting apparatus (double circular)

1. A light emitting apparatus comprising:

a substrate; and

first and second light emitting sections provided on the

substrate so as to be adjacent to each other,

the first light emitting section being made up of (i) at least

one first blue LED chip which emits blue light and (ii) a
resin which covers the at least one first blue LED chip
and in which a red phosphor is dispersed that emits red
light upon receipt of excitation light from the at least one
first blue LED chip,

the second light emitting section being made up of at least

one second blue LED chip which emits blue light.

2. The light emitting apparatus as set forth in claim 1,
wherein:

the at least one first blue LED chip and the at least one

second blue LED chip each emit light having an emis-
sion peak wavelength which falls within a range of 400
nm to 480 nm; and

the red phosphor emits light having an emission peak

wavelength which falls within a range of 620 nm to 700
nm.

3. The light emitting apparatus as set forth in claim 1,
wherein

the emission peak wavelength of light emitted from the at

least one first blue LED chip provided in the first light
emitting section is different from that of light emitted
from the at least one second blue LED chip provided in
the second light emitting section.

4. The light emitting apparatus as set forth in claim 1,
wherein a ratio, between photosynthetic photon flux falling
within a wavelength range 0f 400 nm to 480 nm (blue region)
and photosynthetic photon flux falling within a wavelength
range of 620 nm to 700 nm (red region), is 1:1.3 to 1:10.

5. The light emitting apparatus as set forth in claim 1, the
red phosphor has (Sr,Ca)AlSiN;:Eu components and/or
CaAlSiN;:Eu components.

6. The light emitting apparatus as set forth in claim 1,
wherein

the at least one first blue LED chip and the at least one

second blue LED chip are each at least one of (i) a blue
LED chip which emits light having an emission peak
wavelength which falls within a range of 430 nm to 440
nm and (ii) a blue LED chip which emits light having an
emission peak wavelength which falls within a range of
450 nm to 460 nm.

7. A light emitting apparatus as set forth in claim 1, further
comprising:

a resin wall provided so as to enclose a region in which the

at least one first blue LED chip and the at least one
second blue LED chip are provided,
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part of the region, enclosed by the resin wall in which part
the first light emitting section is provided, being filled
with the resin in which the red phosphor is dispersed,

part of the region, enclosed by the resin wall in which part
the second light emitting section is provided, being filled
with a light-permeable resin which seals the at least one
second blue LED chip.

8. The light emitting apparatus as set forth in claim 1,
wherein a finned heat sink is provided on a surface of the
substrate which surface is opposite to a surface on which the
first and second light emitting sections are provided.

9. The light emitting apparatus as set forth in claim 1,
wherein a tube through which a nutrient solution flows is
provided on a surface of the substrate which surface is oppo-
site to a surface on which the first and second light emitting
sections are provided.

10. A method of manufacturing a light emitting apparatus,
comprising the steps of:

(a) bonding, to a substrate, a plurality of blue LED chips

each of which emits blue light; and

(b) forming a phosphor-containing resin layer, which con-

stitutes a first light emitting section, in a first region on
the substrate so that the phosphor-containing resin layer
seals, with a resin, at least one of the plurality of blue
LED chips which one is provided in the first region, in
which resin a red phosphor is dispersed that emits red
light upon receipt of excitation light from the at least one
of the plurality of blue LED chips,

wherein a light emitting section, made up of at least one of

the plurality of blue LED chips which one is provided in
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a second region adjacent to the first region on the sub-
strate, serves as a second light emitting section.

11. A method of manufacturing a light emitting apparatus
as set forth in claim 10, further comprising, between the steps
(a) and (b), the steps of:

(1) forming a resin wall so as to enclose the first region and

the second region; and

(i) in the second light emitting section, sealing, with a

light-permeable resin, the at least one of the plurality of
blue LED chips which one is provided in the second
region,

in the step (b), the first region enclosed by the resin wall

being filled with the resin in which the red phosphor is
dispersed so that the resin covers the at least one of the
plurality of blue LED chips which one is provided in the
first region,

in the step (ii), the second region enclosed by the resin wall

being filled with the light-permeable resin so that the
light-permeable resin covers the at least one of the plu-
rality of blue LED chips which one is provided in the
second region.

12. The method of manufacturing a light emitting appara-
tus as set forth in claim 10, wherein:

the phosphor-containing resin layer is made of silicone

resin: and

the silicone resin of the phosphor-containing resin layer of

the first light emitting section is a resin which has high
thixotropy and does not have flowability.

#* #* #* #* #*
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