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LIGHT-EMITTING MODULE AND LIGHTING 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application Ser. 
No. 12/ 867,134 entitled “LIGHT-EMITTING MODULE 
AND LIGHTING APPARATUS” and Was ?led on Sep. 23, 
2010, Which is a national stage entry of PCT Application No. 
PCT/JP2009/052382, ?led on Feb. 13, 2009, and claims pri 
ority to JapaneseApplication No. 2008-118292, ?ledApr. 30, 
2008 and Japanese Application No. 2008-033673 ?led Feb. 
14, 2008. The contents of the above noted applications are 
incorporated by reference herein in their entirety. 

TECHNICAL FIELD 

[0002] Aspects of the present disclosure relate to a light 
emitting module in Which a light-emitting element such as 
LED is arranged. In some examples, aspects relate to a light 
ing apparatus provided With the light-emitting module. 

BACKGROUND 

[0003] In some knoWn arrangements, LED chips and cir 
cuit components are disposed on a surface of the LED module 
in a mixed manner. Therefore, these knoWn arrangements fail 
to disclose any technical idea for performing excellent distri 
bution of light radiated from the LED chip, and moreover, 
there is no description of using a rear surface of the LED 
module as a heat dissipating surface. Furthermore, in some 
knoWn con?gurations of a poWer feeding terminal and a hold 
ing member, the disclosed LED module has a speci?c struc 
ture for attachment and connection, Which requires a speci 
?ed adaptor, thus lacking versatility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] [FIG. 1] is a plan vieW illustrating a ?rst embodi 
ment of a light-emitting module according to the present 
invention. 
[0005] [FIG. 2] is a partial side vieW, in an enlarged scale, 
illustrating the light-emitting module according to the present 
invention. 
[0006] [FIG. 3] is a circuit diagram of the light-emitting 
module according to the present invention. 
[0007] [FIG. 4] is a schematic diagram illustrating a struc 
ture of a ?rst embodiment of a lighting apparatus according to 
the present invention. 
[0008] [FIG. 5] is a schematic diagram illustrating a struc 
ture of a second embodiment of the lighting apparatus accord 
ing to the present invention. 
[0009] [FIG. 6] is a schematic diagram illustrating a struc 
ture of a third embodiment of the lighting apparatus of the 
present invention. 
[0010] [FIG. 7] is a plan vieW illustrating a modi?cation of 
the light-emitting module according to the ?rst embodiment. 
[0011] [FIG. 8] is a plan vieW (8(a) and a side vieW 8(b)) 
illustrating the light-emitting element (LED package) accord 
ing to the ?rst embodiment of the light-emitting module. 
[0012] [FIG. 9] is a graph shoWing a directional pattern of 
radiant light of the light-emitting element. 
[0013] [FIG. 10] is a plan vieW illustrating an arrangement 
of the light-emitting elements. 
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[0014] [FIG. 11] is a schematic vieW shoWing illuminance 
distribution on a ?oor surface When the light-emitting module 
is lightened. 
[0015] [FIG. 12] is a graph representing luminance irregu 
larity and light emitting ef?ciency relative to the interval 
betWeen the light-emitting elements. 
[0016] [FIG. 13] is an explanatory vieW illustrating an 
example of another application of the light-emitting element. 

DETAILED DESCRIPTION 

[0017] Aspects described herein relate to improving upon 
the above circumstances, and to provide a light-emitting 
module having excellent light emission ef?ciency and excel 
lent light distribution characteristics and also provide a light 
ing apparatus using the light-emitting module. 
[0018] A light-emitting module according to aspects 
described herein includes: a substrate having a front surface 
side constituted as a component mounting surface and a rear 
surface side constituted as a heat dissipating surface ?at in 
shape; a plurality of light-emitting elements mounted at a 
central portion of a component mounting surface of the sub 
strate in a manner protruding therefrom and emitting light at 
least in an upper surface direction and in a direction along the 
component mounting surface; a lighting circuit component 
Which is electrically connected to the light emitting elements 
by a Wiring pattern arranged on the substrate and Which is 
arranged on a peripheral edge side of the substrate than the 
light emitting elements, on the component mounting surface 
of the substrate; and a connector for connecting With a poWer 
supply, Which is arranged on the peripheral edge side of the 
substrate than the light emitting elements, on the component 
mounting surface of the substrate, and Which is electrically 
connected to the lighting circuit component. 
[0019] In some examples, a light emitting module having 
Wide applicable range can be provided With excellent light 
distribution characteristics and made optimiZed. Moreover, 
heat dissipation effects can be promoted and the Wiring pat 
tern on the substrate can be shortened and simpli?ed, thus 
being effective. 
[0020] Furthermore, in some arrangements, it may be 
desired that the plurality of light-emitting elements are 
arranged at even intervals in rotational symmetry except at a 
central point of the central portion of the component mount 
ing surface of the substrate. According to this arrangement, 
since the plurality of light emitting elements are arranged, it 
becomes possible to perform heat radiation in a concentrated 
manner from a portion near the center point of the substrate 
toWard the rear surface side thereof, thus realiZing substan 
tially even light distribution characteristics in the horizontal 
direction. 
[0021] Additionally or alternatively, it may be desired that 
When it is supposed that a minimum distance betWeen light 
emitting portions of the plurality of the light-emitting ele 
ments arranged is c, a Width of the light-emitting portion on a 
line of the minimum distance c is a, and a height from the 
mounting surface of the substrate to an upper surface of the 
light-emitting portion is b, the light-emitting elements are 
arranged so as to satisfy a dimensional relationship of 
b<c<4a. According to this arrangement, the light-emitting 
module having suppressed luminance irregularity is obtain 
able, thus providing excellent light emission e?iciency. 
[0022] A ?rst embodiment of the present invention Will be 
described beloW With reference to FIGS. 1 to 3. FIG. 1 is a 
plan vieW illustrating a light-emitting module, FIG. 2 is a 
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partial enlarged side vieW illustrating a light-emitting ele 
ment, and FIG. 3 is a circuit diagram of the light-emitting 
module. 
[0023] Referring to FIG. 1, a light-emitting module 1 
includes a disc-shaped substrate 2, light-emitting elements 3 
mounted on the substrate 2, a lighting circuit components 4, 
and a connector 5 for poWer source connection. 

[0024] The substrate 2 is made of aluminum, Which is 
formed into a disc plate shape, and having a thickness of about 
1.5 mm and a diameter of about 70 mm. In the substrate 2, a 
front surface side 2a is used as a component mounting sur 
face, and a rear surface side 2b is used as a ?at-shaped heat 
dissipating surface. On the component mounting surface, 
eight light-emitting elements 3 are mounted in a manner 
concentrated in the central portion of the component mount 
ing surface in a pattern spaced With a predetermined interval 
from each other. When the substrate 2 is made of metal, it is 
preferred to use a material such as aluminum or copper Which 
is excellent in heat conductivity and heat dissipation charac 
teristics. On the other hand, When an insulating material is 
used for the substrate 2, a synthetic resin material or a ceramic 
material containing thermal conduction ?ller, Which has rela 
tively excellent heat dissipation characteristics and excellent 
durability, may be utiliZed. In the case of using the synthetic 
resin material, the substrate 2 may be formed of glass epoxy 
resin or the like. Further, the shape of the substrate 2 is not 
limited to circle and may be quadrangle or polygon. 
[0025] The light-emitting elements 3 are a surface 
mounted LED package and are mainly constituted of a main 
body 311 formed of ceramic, an LED chip mounted on the 
main body and a translucent resin 3b for mold use, such as 
epoxy resin or silicon resin, Which seals the LED chip (refer 
to FIG. 2). A pair of lead terminals, not shoWn, connected to 
the LED chip projects from the main body 311 in a horiZontal 
direction. In the LED package, four LED chips are mounted, 
Which are connected in series betWeen electrodes of the pack 
age, and accordingly, since eight LED packages each having 
four LED chips are arranged, totally, thirty tWo (32) LED 
chips are arranged. Needless to say, an LED package may also 
be used in Which a single LED chip is mounted. 
[0026] The LED chip is a blue LED chip emitting blue 
light. The translucent resin 3b for mold use contains a ?uo 
rescent material Which absorbs light emitted by the LED chip 
and generates yelloW light. The LED chip is molded on an 
upper surface of the main body 311 so as to form a ?at plate 
With a predetermined thickness. Accordingly, light from the 
LED chip is irradiated from an upper surface and a side 
surface of the translucent resin 3b of the LED package to the 
outside, and hence, the light from the LED chip has a White 
base luminescent color such as White color or electric bulb 
color and has Wide light distribution characteristics. That is, 
light is irradiated from the light-emitting elements 3 in a 
direction of the upper surface thereof and in a direction along 
the component mounting surface. Further, the LED package 
is about 3.5 mm in breadth, 3.5 mm in Width and 1.5 mm in 
height and has a shape of a substantially rectangular solid. 
[0027] An insulating layer is formed on a surface of the 
substrate 2, and on such insulating layer, a connection land 
connected to lead terminals of the surface-mounted compo 
nents and a Wiring pattern, not shoWn, are formed. In the 
central portion of the substrate 2 except at a central point 
thereof, the light-emitting elements 3 are arranged at a pre 
determined interval (3 mm to 15 mm, preferably 5 mm to 10 
mm) in rotational symmetry (in the present embodiment, 
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being 45 .degree. symmetry relative to the light emission cen 
ter of the light-emitting elements 3) around the central point 
along a direction of the front surface of the substrate 2. Fur 
ther, the lighting circuit components 4 are arranged and 
mounted in an outer peripheral edge side of the substrate 2, 
and in this case, the lighting circuit components 4 are never 
mounted betWeen the light-emitting elements 3 and 3. The 
lighting circuit components 4 are used for lighting control of 
the LED chip, and include a fuse F, a capacitor C, a recti?er 
REC, a constant voltage diode ZD, resistors R1 and R2, and 
a transistor Q. A connector 5 for connecting With a poWer 
supply is similarly arranged in a position around the light 
emitting elements 3. The connector 5 is arranged so that a 
connection opening 511 thereof faces the outer peripheral edge 
of the substrate 2 and is disposed close to the outer peripheral 
edge. This is for the purpose of facilitating the connection 
With a poWer line of commercial poWer supply. The lighting 
circuit components 4 and the connector 5 are disposed closer 
to the outer peripheral edge side of the substrate 2 than the 
light-emitting elements 3, and arranged not in a dispersed 
manner but in a relatively concentrated manner (in a region 
disposed approximately 1/3 from the outer circumference of 
the substrate 2) to shorten the Wiring pattern of the substrate 
2. On the mounting surface of the substrate 2, a White resist 
having a high re?ectivity is printed, and three screW through 
holes 6 are formed on the mounting surface to be mounted 
onto an apparatus or the like. 

[0028] The light-emitting elements 3 protrude from the 
mounting surface of the substrate 2 in a direction of height, 
and radiate, as indicated by the arroW in FIG. 2, light in a 
radial pattern from a protruding portion of the translucent 
resin 3b. Accordingly, not only the light LV radiated in a 
direction perpendicular (upper surface direction) to the 
mounting surface, but also the light LH radiated from the side 
surface of the translucent resin 3b of the LED package along 
the component mounting surface can be used. 
[0029] Referring to the circuit diagram of FIG. 3, the 
capacitor C is connected via the fuse F across a commercial 
poWer supply AC. The full-Wave recti?er REC is connected 
across the capacitor C, and in the output terminal of the 
full-Wave recti?er REC, a series circuit of the resistor R1 and 
the constant voltage diode ZD, and a series circuit of a plu 
rality of the LED chips LED, the NPN transistor Q and the 
resistor R2 are connected in parallel. A base of the transistor 
Q is connected to a connecting point betWeen the resistor R1 
and the constant voltage diode ZD. In the LED package, four 
LED chips are, as described above, connected in series, and 
hence, a series circuit of the transistor Q and the resistor R2 
may be constructed for each of the LED packages and then 
connected in parallel With each other. 
[0030] A constant current circuit is constituted by the cir 
cuit mentioned above, and a current supplied from the com 
mercial poWer supply AC is converted to a DC current, and 
such DC current ?oWs, as constant current IF, in the series 
circuit of the LED chips LED, the transistor Q and the resistor 
R2. More speci?cally, a base voltage VB of the transistor Q is 
kept constant by the constant voltage diode ZD so that current 
IC ?oWing into a collector of the transistor Q is kept constant, 
and as a result, the current IF ?oWing in the LED chip is made 
constant. 

[0031] According to the present embodiment described 
above, the light-emitting elements 3 are arranged in the cen 
tral portion of the component mounting surface of the sub 
strate 2, and the lighting circuit components 4 and the con 
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nector 5 for connecting With power supply are arranged 
around the light-emitting elements 3. Accordingly, the light 
LH radiated from the side surface of the light-emitting ele 
ments 3, i.e., the LED packages, can be effectively used, 
making excellent light distribution and also optimizing light 
distribution. That is, When the light-emitting elements 3, the 
lighting circuit components 4 and the connector 5 for con 
necting With poWer supply are arranged in a mixed manner, 
particularly, the light LH radiated from the side surface of the 
LED package is interrupted by the lighting circuit compo 
nents 4 and the like, thus loWering light extraction factor of 
the radiant light, not alloWing effective use of the radiant 
light, loWering the lighting e?iciency and adversely affecting 
the optimiZation of light distribution. 
[0032] According to the present embodiment, the loWering 
of light extraction factor of the radiant light by the lighting 
circuit components 4 and the like is reduced, and hence, the 
light LH radiated from the side surface can be effectively 
used. For example, When a re?ector is used, the radiant light 
LH may be radiated in a direction of a surface to be irradiated. 
In addition, the light-emitting elements 3, the lighting circuit 
components 4 and the connector 5 for connecting With poWer 
supply are arranged in a concentrated manner, and as a result, 
the Wiring pattern of the substrate 2 is shortened and simpli 
?ed. 

[0033] Further, since the light-emitting elements 3 as the 
heat sources are not arranged at the central portion of the 
substrate 2, and a rear surface side is formed as a ?at heat 
dissipating surface, When the heat dissipating surface is in 
contact With another heat dissipating member, the heat is 
effectively transmitted from the central portion of the sub 
strate 2 to the rear surface side, thereby easily realiZing a 
con?guration improving the heat dissipation effects. 
[0034] Furthermore, since a modular structure including 
the connector 5 for connecting WithpoWer supply is achieved, 
a lighting apparatus can be provided merely by incorporating 
the substrate module 1 in the apparatus body and then con 
necting a commercial poWer supply to the connector 5. Thus, 
the light-emitting module 1 can be handled as a single com 
mon part having a Wide applicable ?eld. Furthermore, since 
the connector 5 is arranged so that the connection opening 511 
thereof is disposed close to the outer peripheral edge of the 
substrate 2, the connection With a poWer line of a commercial 
poWer supply is readily made, and in addition, since the White 
resist is printed on the mounting surface of the substrate 2, the 
excellent re?ection ef?ciency can be provided. 

[0035] Hereunder, a ?rst embodiment of a lighting appara 
tus according to the present invention Will be described With 
reference to FIG. 4. 

[0036] FIG. 4 is an illustration shoWing schematic structure 
of a lighting apparatus. Referring to FIG. 4, a lighting appa 
ratus 10 is, for example, a doWnlight and includes an appara 
tus body 11. Included in the apparatus body 11 are a heat 
dissipating member 12 made of metal having heat dissipating 
?ns, a light-emitting module 1 attached to the heat dissipating 
member 12, and a re?ector 13. The light-emitting module 1 is 
screWed to the heat dissipating member 12 so that a heat 
dissipating surface on a rear surface side 2b of the substrate 2 
is closely attached to the heat dissipating member 12 through 
a silicon rubber sheet. Needless to say, this mounting of the 
light-emitting module 1 may be made by means of bonding or 
the like, instead of screW fastening. The re?ector 13 has a 
shape of a boWl having a gently curved surface and has an 
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opening in its upper and loWer ends. The upper end consti 
tutes a mounting opening 13a, and the loWer end constitutes 
a radiating opening 13b. 

[0037] As for the positional relationship With the light 
emitting module 1, i.e., the positional relationship With the 
component mounting surface of the substrate 2, the mounting 
opening 13a of the re?ector 13 is disposed so as to separate 
the light-emitting elements 3 from the lighting circuit com 
ponents 4 and the connector 5 for connecting With poWer 
supply, arranged around the light-emitting elements 3. That 
is, the light-emitting elements 3 are divided from the lighting 
circuit components 4 and the like by the re?ector 13. Thus, the 
light radiated from the light-emitting elements 3 is not inter 
rupted by the lighting circuit components 4 and the like and is 
re?ected on the re?ector 13 and radiated doWnWard. Further, 
since the lighting circuit components 4 are not seen from the 
front surface side of the re?ector 13, the outer appearance of 
the lighting apparatus 10 can be also improved. 

[0038] According to the present embodiment, there is pro 
vided the lighting apparatus 10 capable of achieving more 
effective distribution of the radiant light from the light-emit 
ting elements 3 in addition to the above described effects of 
the light-emitting module 1. 
[0039] The lighting apparatus is not limited to the above 
embodiment, and the light-emitting module 1 may be 
mounted in a light source having a cap, or may be incorpo 
rated in lighting equipment used indoors or outdoors. 

[0040] A second embodiment of the lighting apparatus 
according to the present invention Will be described hereun 
der With reference to FIG. 5. 

[0041] In this embodiment, a doWnlight type lighting appa 
ratus, using an electric-bulb shaped LED lamp as the light 
source, is shoWn. 

[0042] Referring to FIG. 5, the lighting apparatus mounted 
on a ceiling surface includes an apparatus body 10 and a light 
source 20 having a shape of an electric bulb, mounted to the 
apparatus body 10. 
[0043] The light source 20 includes: a light-emitting mod 
ule 1 according to the ?rst embodiment having the light 
emitting elements 3 mounted thereon; a main body 21 ther 
mally coupled to the light-emitting module 1 and Working as 
a heat dissipating member; and a glove 22 attached, through 
an insulating member, to the main body 21 so as to cover, for 
example, a cap of E26 and the light-emitting module 1. 

[0044] The apparatus body 10 includes a case 15 made of 
metal and having a box-shaped structure having an opening in 
formed in a loWer surface thereof, and a re?ector 16 made of 
metal ?tted into the opening of the case 15. The re?ector 16 is 
formed by a metal plate of aluminum or the like, for example, 
and a decorative frame 16a is formed to a peripheral portion 
of the loWer surface of the re?ector 16. A socket 17, in Which 
the cap of the light source 20 is screWed, is arranged at the 
center of an upper surface plate of the re?ector 16. The socket 
17 is attached to the case 15 via a support plate 18 secured to 
the inner side of the case 15. 

[0045] According to the present embodiment, there is pro 
vided a lighting apparatus With an LED lamp in the shape of 
an electric bulb, Which achieves the effects mentioned above 
With reference to the light-emitting module 1. 

[0046] A third embodiment of the lighting apparatus 
according to the present invention Will be described hereun 
der With reference to FIG. 6. The like reference numerals are 
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applied to portions or elements corresponding to those of the 
second embodiment, and repeated explanation thereof is 
omitted herein. 

[0047] In this embodiment, there is provided a lighting 
apparatus illustrated as a doWnlight, using a thin LED lamp, 
as a light source 20, having thickness smaller in a height 
direction of height. The light-emitting module 1 of the ?rst 
embodiment is mounted in the light source 20 in a similar 
manner, and a main body 21 functioning as a heat dissipating 
member is thermally coupled to the light-emitting module 1. 
A cap is provided With a connecting pin 25 formed into 
GX53-shape. A socket 17 is mounted to a case 15, and con 
necting pins 25 for the cap are electrically and mechanically 
connected to the socket 17. 

[0048] According to the present embodiment described 
above, there is provided a lighting apparatus With a thin-type 
LED lamp capable of achieving the effects of the light-emit 
ting module 1. 
[0049] A modi?cation of the light-emitting module accord 
ing to the ?rst embodiment Will be described hereunder With 
reference to FIG. 7. FIG. 7 is a plan vieW illustrating a light 
emitting module. The like reference numerals are added to 
portions or elements corresponding to those of the ?rst 
embodiment, and repeated explanation thereof is omitted 
herein. 

[0050] Lighting circuit components 4 are mounted on a 
component mounting surface of a substrate 2 in a manner 
concentrated in the central portion thereof. The lighting cir 
cuit components 4 include a fuse F, a capacitor C, a recti?er 
REC, a constant voltage diode ZD, resistors R1 and R2, and 
a transistor Q. 

[0051] On the other hand, the light-emitting elements 3 are 
mounted around the lighting circuit components 4 in a pattern 
spaced With a predetermined interval from each other. In a 
connector 5 for poWer supply connection is arranged so that a 
connection opening 511 thereof is disposed close to the outer 
peripheral edge of the substrate 2. In consideration of the 
connection With a poWer line, although it is preferred that the 
connector 5 for the poWer supply connection is disposed to a 
portion in the vicinity of the outer periphery of the substrate 2, 
the connector may be arranged at the central portion together 
With the lighting circuit component 4. 
[0052] In this modi?ed embodiment, the positional 
arrangement of the light-emitting elements 3 and the lighting 
circuit components 4 of the ?rst embodiment are reversed, 
and since the mounting interval of the light-emitting elements 
3 is greater than that of the ?rst embodiment, light LH radi 
ated from the side surface of the LED package can be effec 
tively utiliZed as like as in the ?rst embodiment, and in addi 
tion, by increasing the interval betWeen the light-emitting 
elements 3, 3 . . . , the heat of the light-emitting elements 3 can 

be transmitted and dissipated to the rear side of the substrate 
2 by effectively utiliZing the entire structure of the substrate 2. 

[0053] Hereunder, there Will be explained an embodiment, 
With reference to FIGS. 8 to 13, in Which the interval betWeen 
the plurality of light-emitting elements 3, 3, . . . mounted on 

the substrate 2, and degree of luminance irregularity and 
variation in light-emitting ef?ciency both dependent on the 
interval, have been studied With respect to the light-emitting 
module 1 according to the ?rst embodiment. 

[0054] Referring to FIG. 8, the light-emitting elements 3 
constitute a surface-mounted LED package and are com 
posed of a main body 3a, an LED chip mounted on the main 
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body 311, and a translucent resin 3b for sealing the LED chip, 
and this translucent resin 3b functions as a light-emitting unit 
L 

[0055] The light-emitting unit L is, as illustrated in FIG. 
8(a), formed so as to have a substantially quadrate shape 
Which is 2.8 mm on a side (W) and about 4 mm on a diagonal 

(a). As illustrated in FIG. 8(b), the light-emitting element 3 
mounted on the substrate 2 is 1.5 mm in height (b) from the 
mounting surface of the substrate 2 to an upper surface of the 
light-emitting unit L and is 0.7 mm in height (h) of the 
light-emitting unit L. 
[0056] FIG. 9 is a graph shoWing a directional characteris 
tics or pattern of the light-emitting elements 3. The light 
emitting element 3 has a maximum illuminance in a direction 
perpendicular to the upper surface, i.e., at a radiation angle of 
0.degree., and as for a direction of the side surface, has a 
illuminance 40 percent or greater relative to the maximum 
illuminance at a radiation angle of 80.degree. and a illumi 
nance 50 percent or greater relative to the maximum illumi 
nance at a radiation angle of 70.degree., thus radiating a given 
amount of light in a direction along the component mounting 
surface. 

[0057] The light-emitting elements 3 having such con?gu 
ration and characteristics Were arranged in a pattern spaced at 
a predetermined interval from each other as shoWn in FIG. 1 0. 
Thereafter, luminance irregularity and light-emitting e?i 
ciency Were measured and evaluated by changing the interval. 

[0058] Here, it Was supposed, as illustrated in FIG. 10, that 
character c denotes a minimum distance betWeen the light 
emitting units L1 and L2, and character a denotes a Width of 
the light-emitting units L1 and L2 on a line of the minimum 
distance c. The method of evaluating luminance irregularity 
Was made such that the light-emitting module 1 Was made to 
gloW at a height of 2.5 m from the ?oor surface to illuminate 
the ?oor surface, and the state of illumination on the ?oor Was 
observed to perform visual evaluation. This visual evaluation 
Was, as illustrated in FIG. 11, performed by observing illu 
minance distribution on the ?oor. Further, FIG. 11 is a ?gure 
that schematically illustrates, With the solid line, a boundary 
line at Which illuminance difference appears, more speci? 
cally, an image of light-emitting pattern (mounting pattern 
image of the light-emitting elements 3) of the light-emitting 
elements 3. Thus, the evaluation is ranked as folloWs. In 
pattern A, luminance irregularity is not noticed at all, in 
pattern B, luminance irregularity is hardly noticed, in pattern 
C, luminance irregularity is noticed, and in pattern D, lumi 
nance irregularity is clearly observed. Roughly speaking, 
When the interval betWeen the light-emitting units L of the 
light-emitting elements 3 is small, the luminance irregularity 
may be eliminated, the adjacent light-emitting elements 3 
interrupt the radiant light, thus loWering light emission e?i 
ciency. On the other hand, When the interval betWeen the 
light-emitting units L is Wide, the light emission ef?ciency 
becomes high, but the luminance irregularity tends to occur. 

[0059] As a result of the above evaluation and measure 
ment, evaluation and measurement values Were obtained as 
shoWn in FIG. 12. Referring to FIG. 12, the abscissa indicates 
interval c betWeen the light-emitting units L of the light 
emitting elements 3, and the ordinate indicates luminance 
irregularity evaluation and measurement values of light emis 
sion e?iciency. Further, it Was found that as the interval c 
exceeded 4 mm, the luminance irregularity gradually loWered 
and deteriorated and that as the interval c increased, the light 
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emission e?iciency raised. However, When the interval c 
exceeded 8 mm, it Was found that the light emission e?iciency 
saturated. 
[0060] In consideration of the above results, it Was con 
?rmed that the permissible range of luminance irregularity 
lied around rank C, and in consideration of the light emission 
e?iciency, it Was also con?rmed that the interval c betWeen 
the light-emitting elements 3 Was preferably greater than b 
and smaller than 4a (b<c<4a). Furthermore, it Was resulted 
that the optimum range in the above range for further enhanc 
ing luminance irregularity evaluation and improving the light 
emission e?iciency Was a range of 2b.ltoreq.c.ltoreq.3a. Still 
furthermore, in order to suppress effect due to heat generation 
betWeen the light-emitting elements 3, an optimum arrange 
ment pattern Was a<c. In the case of a<c, the temperature of 
the light-emitting elements 3 during gloWing could be sup 
pressed from rising. A loWer limit value of the above interval 
c may also be represented by height h of the light-emitting 
unit L, and When this height h is used, a relationship of 
approximately 2h<c, preferably, 4h.ltoreq.c Will be obtained. 
[0061] In the above, the present embodiment, Was 
described With reference to as an example by considering the 
relationship betWeen the light-emitting units L1 and L2 of the 
light-emitting elements 3 illustrated in FIG. 10. HoWever, for 
example, the dimensional relationship of the interval c in the 
light-emitting units L2 and L3 is similar to that of the light 
emitting units L1 and L2. The dimensions, the directional 
characteristics and the like of the light-emitting elements 3 
are not limited to the speci?c dimensions and characteristics 
described With reference to this embodiment. The mounting 
pattern of the light-emitting elements 3 is not limited to the 
pattern in Which light-emitting elements 3 are, as illustrated in 
FIG. 10, arranged on the circumference, and it may be sul? 
cient that minimum distance c betWeen the light-emitting 
elements 3 falls into the above prescribed range. For example, 
the light-emitting elements 3 may be arranged in a matrix 
pattern. 
[0062] A light-emitting element 30 illustrated in FIG. 13 
may also be used as the light-emitting element. This light 
emitting element 30 is a surface-mounted LED package, and 
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this LED package is composed of a main body 30a formed of 
ceramics, a re?ector 30d arranged on the main body 30a, an 
LED chip 300 mounted in a recess de?ned by the main body 
3011 and the re?ector 30d, and a silicon resin 30e for sealing 
the LED chip 300. This silicon resin 30e functions as the 
light-emitting unit L, and light is radiated from the light 
emitting unit L in a radial pattern Which is similar, as a Whole, 
to the directional characteristics illustrated in FIG. 9, includ 
ing an upper surface direction and a direction along the com 
ponent mounting surface. 

INDUSTRIAL APPLICABILITY 

[0063] According to the present invention, there is provided 
a light-emitting module having a Wide applicable scope and 
improving and optimiZing the distribution of light radiated 
from the light-emitting element. In addition, the heat dissipa 
tion effects can be raised, and an effect of shortening and 
simplifying a Wiring pattern on a substrate can be also 
achieved. 

1. A lighting device comprising: 
a light-emitting module having a ?rst surface and a second 

surface, Wherein the second surface is con?gured to 
dissipate heat through a heat dissipating member, 

a plurality of lighting elements mounted on the ?rst surface 
in a ring-shaped orientation, Wherein a center of the 
ring-shaped orientation corresponds to a center of the 
?rst surface, and the plurality of lighting elements are 
not mounted on the center of the ?rst surface; and 

a rubber member connected to a center portion of the 
second surface, Wherein the rubber member is con?g 
ured to aid in heat dissipation. 

2. The lighting device of claim 1, Wherein the rubber mem 
ber comprises a silicon rubber member. 

3. The lighting device of claim 2, Wherein the silicon rub 
ber member comprises a silicon rubber sheet. 

* * * * * 


