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(57) ABSTRACT 

A light emitting apparatus of the present invention is con?g 
ured such that ?rst and second light emitting sections are 
provided on a substrate (101) so as to be adjacent to each 
other, the ?rst 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 a red 
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 con?guration, a ratio between a quan 
tity of blue light and a quantity of red light. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 6 

< a > ZZBLUE LED CHIP 
5 I WI RE 

A 31RES|N DAM 
l 

~1 ZSUBSTRATE 

6bIANODE ~ 

ELECTRODE 
LAND 

V6a ICATHODE 
ELECTRODE 
LAND 

\ 
4b 4a 4b1W|RE 

4aIW|RE 

( b > 7bZRED PHOSPHOR 71RESIN LAYER 
;' 7aIRESlN / 3 10 
3 l l / 

‘\. ~1 
6b- ,' 

'33 



US 2014/0340890 A1 Nov. 20, 2014 Sheet 7 0f 14 Patent Application Publication 

Es @3205? a; 9; 2: Q8 0% 3m 3m 2; Q8 0% 3m 

own c3. ooh owe one 3% 2% com ocw omw owm 

"7”, “HM.VV,“ o6 _”V.,VV _ ed 

3 

. g m 

NO w. 

m. 1 2 u 3 w 

m m 

Q 

g m. 3 m. 
m m 

M3 W M; m m 

‘ 3 W. 3 W 
NA NA 

:5 $1 mix 1: 

A55 5w c2053 

of ER 2K c8 c3 gm 2% Q3 03. cs“ 22 Ei?w?ozg 

0 3 2? 2R o? 08 CS 3m 2% 8m 0? 0% 2a 

_ g 

H 

S m . a 

W No m. o w 

3 n m. 

m Z W 

Ad 

2 w m 

m 0.0 m. ) & 

ad m ) 

.q i 3 m 

W .q 

3 m m 

A: m 

S 

2 

An; 

5% 2.; 

h .67; 



Patent Application Publication Nov. 20, 2014 Sheet 8 0f 14 US 2014/0340890 A1 

FIG. 8 
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FIG. 9 
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FIG. 1 2 
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FIG. 13 
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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 ef?ciently cultivating or 
culturing a speci?c 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 ef?ciently 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 con?g 
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 con?gured 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 dif?cult to mix colors of light from the blue 
LEDs and the red LEDs and, accordingly, dif?cult to obtain 
mixed-color light necessary for plant cultivation. Speci? 
cally, in a case where a plurality of blue LEDs and a plurality 
of red LEDs are used, it is extremely dif?cult to realize 
spatially uniform mixed-color light while satisfying a prede 
termined light quantity ratio. 
[0013] Further, in order to arrange the quantity of li ght 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) The number of 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 con?guration of a light emitting apparatus 
becomes complicated. 
[0018] In a case of (B), each of the red LEDs becomes large 
in size. It therefore becomes dif?cult to control wide-angle 
directional characteristics, for example. 
[0019] In a case of (C), the number of the 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 suf?ciently 
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) a light emitting apparatus capable of, with a simple 
and compact con?guration, 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 
?rst and second light emitting sections provided on the sub 
strate so as to be adjacent to each other, the ?rst light emitting 
section being made up of (i) at least one ?rst blue LED chip 
which emits blue light and (ii) a resin which covers the at least 
one ?rst 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 ?rst 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 con?guration, the blue light 
has an optical element whose wavelength falls within a range 
of 380 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 con?guration, by adjusting a 
concentration of the red phosphor in the resin in the ?rst 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 ?rst 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 con?gu 
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 ?rst light emitting section. This makes it possible to use 
(i) the ?rst 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 ?rst 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 ?rst 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 ?rst 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 
ef?ciency. 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 phosphor is dispersed in an identical 
region in which the blue LED chip, which has good luminous 
ef?ciency, 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 ?rst light emitting section, in a ?rst 
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 ?rst 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 ?rst region on the 
substrate, serves as a second light emitting section. 
[0029] According to the above con?guration, 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 con?gured to 
emit red light with the use of the blue LED chip which has 
good luminous e?iciency. Therefore, it is possible to (i) ef? 
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 
a plurality of li ght emitting sections provided on the substrate, 
the plurality of light emitting sections including at least a ?rst 
light emitting section and a second light emitting section 
provided so as to be adjacent to each other, the ?rst light 
emitting section being made up of (i) at least one ?rst blue 
LED chip which emits blue light and (ii) a resin layer which 
covers the at least one ?rst 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 ?rst 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 ?rst 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 con?guration 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. 1 is a plane view illustrating an example con 
?guration of a light emitting surface of a spiral-type light 
emitting apparatus in accordance with Embodiment l of the 
present invention. 
[0033] FIG. 2 is a plane view illustrating an example con 
?guration 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 
?guration 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 
?guration 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 con?guration 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 con?gu 
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 con?gura 
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) ofFIG. 7 is a graph observed in a case 
where the compound ratio between the resin and the red 
phosphors is 11010. (c) ofFIG. 7 is a graph observed in a case 
where the compound ratio between the resin and the red 
phosphors is 1:0.15. (d) ofFIG. 7 is a graph observed in a case 
where the compound ratio between the resin and the red 
phosphors is 110.20. 
[0039] FIG. 8 is a view illustrating (i) absorption spectra of 
chlorophyll and (ii) 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 con?guration of a light emitting apparatus for illu 
mination using the premised technique. (c) 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 
con?guration 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 
con?guration 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 110.20. 
[0044] (a) of FIG. 13 is a cross-sectional view illustrating a 
con?guration 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 con?guration 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 
con?guration 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 Con?guration of Light Emitting Apparatus) 
[0047] FIG. 1 is a plane view illustrating an example con 
?guration 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 ?rst 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 ?rst 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 1 13 are provided near respective comers of the upper 
surface of the substrate 101 and outside a region enclosed by 
the ?rst 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 
?rst resin dam 105 is provided while being embedded in the 
?rst 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 ?rst resin dam 105 is 
provided while being embedded in the ?rst 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. Speci?cally, 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 a blue 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. Speci?cally, 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 half rounds. 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 ?rst resin dam 105 and the second resin dam 
106 each de?ne 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 ?rst 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 ?rst 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 ?rst 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 ?rst 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 ?rst 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 con?guration, 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 ?rst resin dam 105 
having a ring shape. The ?rst resin dam 105 and the second 
resin dam 106 are formed symmetrically with respect to a 
point. 
[0061] Each of the ?rst resin dam 105 and the second resin 
dam 106 is made of resin, having light re?ectivity 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 (TiOZ) as a light diffusion ?ller. This 
causes a less deterioration in resin and accordingly causes an 
increase in reliability, as compared with a resin such as an 
epoxy resin. 

Nov. 20, 2014 

[0062] Note that a compound which canbe employed as the 
light diffusion ?ller is not limited to titanium oxide (TiO2). 
Alternatively, for example, silica (SiOZ), alumina (A1203), 
calcium carbonate (CaCO3), barium sulphate (BaSO4), or 
aluminum hydroxide (Al(OH)3) can be employed as such a 
compound. 
[0063] The phosphor-containing resin layer 107 is a sealing 
resin layer made of resin which contains dispersed particulate 
red phosphors 109. The phosphor-containing resin layer 107 
is ?lled in one of the two regions enclosed by the ?rst 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 con?gured such 
that (i) a ?rst 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 ?rst 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 
?lled in the other of the two regions enclosed by the ?rst resin 
dam 105 and the second resin dam 106, in which region no 
phosphor-containing resin layer 107 is formed. The light 
permeable resin 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 ?rst resin dam 105. 
[0067] With the above con?guration, 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] Speci?cally, in a 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] Speci?cally, 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 ?rst 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 ?rst light emitting section by use of the 
electrode lands 110 and 111 electrically connected to the blue 
LED chips 102 of the ?rst 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 ofthe light energy. It is thus 
possible to provide a light emitting apparatus which can ef? 
ciently carry out cultivation and culture by irradiating the 
living things having chlorophyll with light which the living 
things can ef?ciently 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 ef?ciency. According to Embodiment l, the 
blue LED chips are therefore employed and light, emitted 
from the red phosphors, are used as red light. 
[0077] Speci?cally, chlorophyll has optical absorption 
peaks in (i) the blue region referred to as a B band (Soret band) 
(wavelength within a range of 400 nm to 480 nm) and (ii) a red 
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 
ci?cally, 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 c 1, chlorophyll c2, chlo 
rophyll d, chlorophyll f, bacterio-chlorophyll a, bacterio 
chlorophyll b, bacterio-chlorophyll c, 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] In view 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 such a blue LED chip, it is possible to 
more ef?ciently 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 of 450 
nm in the blue region, it is possible to provide a light emitting 
apparatus suitable to cultivate a plant or culture speci?c algae. 

[0081] Note that the blue LED chips 102 which are covered 
by the pho sphor-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 con?guration 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 of type I) are 
provided in the phosphor-containing resin layer 107 of the 
?rst 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 II) are provided in the light-permeable 
resin layer 108 of the second light emitting section. 

[0083] With the con?guration, it is possible to control, in 
each of (i) the region covered by the phosphor-containing 
resin layer 107 (the ?rst light emitting section) and (ii) the 
region covered by the light-permeable resin layer 108 (the 
second light emitting section), an electric current ?owing 
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 speci?c 
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 
a light 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 II 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] Speci?cally, 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 II, (ii) three blue LED chips 
of type I are located between respective two blue LED chips 
102 of type II, or (ii) four blue LED chips of type I are located 
between respective two blue LED chips 102 of type II. 
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