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(54) ILLUMINATION LIGHT SOURCE

(57) The present invention aims to provide a light
source for illumination that achieves excellent luminous
intensity distribution and can be easily assembled. A light
source 1 comprises a mount 20; a plurality of semicon-
ductor light-emitting elements 12 disposed on an upper
surface 22 of the mount 20 so that each light-emitting
element emits light primarily upward; and a reflector 80
disposed above the semiconductor light-emitting ele-
ments 12 and having a reflective surface 85 configured
to reflect a portion of primary light from the light-emitting
elements 12 obliquely downward so that the portion of
the primary light is prevented from striking the upper sur-
face 22 of the mount 20, wherein the reflector 80 is pro-
vided with an opening 86 or a cut for leaking another
portion of the primary light upward.
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Description

[Technical Field]

[0001] The present invention relates to light sources
for illumination utilizing semiconductor light-emitting el-
ements, and particularly to improvements in luminous
intensity distribution.

[Background Art]

[0002] In recent years, bulb-type light sources that uti-
lize semiconductor light-emitting elements such as LEDs
(Light Emitting Diode) have been becoming common as
alternatives to incandescent light bulbs.
[0003] Due to a narrow radiation angle of LEDs, such
light sources have a problem that their luminous intensity
distribution is narrower than incandescent light bulbs. In
view of this problem, a light source 900 disclosed in Pat-
ent Literature 1 has a structure as shown in Fig. 20. In
this structure, a mount 901 is composed of a first mount
member 902 and a second mount member 903. The sec-
ond mount member 903 protrudes from an area on the
upper surface of the first mount member 902 and is in
the shape of a frustum. First LEDs 904 are located on
the upper surface of the first mount member 902. A sec-
ond LED 905 is located on the upper surface of the sec-
ond mount member 903. When the shadow of the second
mount member 903 is cast on the upper surface of the
first mount member 902, the light-emitting surfaces of
the first LEDs 904 are located within the shadow, and
the lateral surface of the second mount member 903
serves as light-reflecting surfaces 906. With this struc-
ture, the light from the first LEDs 904 is reflected off the
light-reflecting surfaces 906 obliquely downward. This
supplements the narrow radiation angle, and realizes rel-
atively preferable luminous intensity distribution.

[Citation List]

[Patent Literature]

[0004]

[Patent Literature 1] Japanese Patent Application
Publication No. 2010-86946

[Summary of Invention]

[Technical Problem]

[0005] In the case of the light source 900 disclosed in
Patent Literature 1, however, both the upper surface of
the first mount member 902 and the upper surface of the
second mount member 903 serve as the mounting sur-
faces for the LEDs, and the LEDs 904 and 905 are re-
quired to be mounted separately on the two mounting
surfaces. Hence, assembling work is more complicated

than the case where there is only one LED mounting
surface. In addition, the complicated shape of the mount
901, composed of the first mount member 902 and the
second mount member 903, leads to the increase in cost
for the mount 901.
[0006] The present invention is made in view of the
problems above, and aims to provide a light source that
offers excellent luminous intensity distribution and can
be assembled easily.

[Solution to Problem]

[0007] The present invention provides a light source
for illumination, comprising: a mount; a plurality of sem-
iconductor light-emitting elements arranged on an upper
surface of the mount so that each semiconductor light-
emitting element emits light primarily upward; and a re-
flector located above the semiconductor light-emitting el-
ements and having a reflective surface configured to re-
flect a portion of primary light from the light-emitting ele-
ments obliquely downward so that the portion of the pri-
mary light is prevented from striking the upper surface of
the mount, wherein the reflector is provided with an open-
ing or a cut for leaking another portion of the primary light
upward.

[Advantageous Effects of Invention]

[0008] The light source for illumination pertaining to
the present invention has a structure in which a plurality
of semiconductor light-emitting elements are disposed
on the upper surface of a mount. Hence, it is easy to
place the semiconductor light-emitting elements on the
mount, and it is therefore easy to assemble the light
source. Also, the reflector located above the semicon-
ductor light-emitting elements has a reflective surface
configured to reflect a portion of the primary light from
the semiconductor light-emitting elements obliquely
downward so that the portion of the primary light is pre-
vented from striking the upper surface of the mount.
Hence, the light source achieves excellent luminous in-
tensity distribution even when the radiation angle of the
semiconductor light-emitting elements is narrow. Fur-
thermore, since the reflector is provided with an opening
or a cut for leaking another portion of the primary light
upward, the reflector casts less shadow, and the light
source exhibits excellent appearance during the lighting.

[Brief Description of Drawings]

[0009]

Fig. 1 is a partially-cutaway perspective view of a
light source pertaining to Embodiment 1.
Fig. 2 is a cross-sectional view taken along the line
A-A in Fig. 1, looking in the direction of the appended
arrows.
Fig. 3 is an enlarged cross-sectional view showing
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the portion surrounded by the two-dot chain lines in
Fig. 2.
Fig. 4 is a plan view of a semiconductor light-emitting
module pertaining to Embodiment 1.
Fig. 5 is a cross-sectional view taken along the line
B-B in Fig. 1, looking in the direction of the appended
arrows.
Fig. 6 is a luminous intensity distribution curve for
explaining the luminous intensity distribution of the
light source.
Fig. 7 shows diagrams depicting radiant intensity dis-
tribution of a light source during lighting.
Fig. 8 is a partially-cutaway perspective view of a
light source pertaining to Embodiment 2.
Fig. 9 is a cross-sectional view showing primary el-
ements of a light source pertaining to Embodiment 2.
Fig. 10 is a partially-cutaway perspective view of a
light source pertaining to Embodiment 3.
Figs. 11A and 11B are diagrams for explaining a light
source pertaining to Embodiment 3.
Fig. 12 is a partially-cutaway perspective view of a
light source pertaining to Embodiment 4.
Fig. 13 is a cross-sectional view showing primary
elements of a light source pertaining to Embodiment
4.
Fig. 14 is a partially-cutaway perspective view of a
light source pertaining to Embodiment 5.
Fig. 15 is a cross-sectional view showing primary
elements of a light source pertaining to Embodiment
5.
Fig. 16 is an enlarged cross-sectional view showing
the portion surrounded by the two-dot chain lines in
Fig. 14.
Figs. 17A and 17B are diagrams for explaining a light
source pertaining to Embodiment 6.
Figs. 18A, 18B and 18C are plan views of semicon-
ductor light-emitting modules pertaining to Modifica-
tions.
Fig. 19 is a diagram for explaining light diffusion treat-
ment applied on a globe pertaining to a modification.
Fig. 20 is a cross-sectional view showing a conven-
tional light source.

[Description of Embodiments]

[0010] The following describes light sources pertaining
to Embodiments of the present invention, with reference
to the drawings. Note that the elements shown in the
drawings are not drawn to scale. Also note that the sign
"-" represents a numerical range, and both ends sand-
wiching the sign are included in the range.

<Embodiment 1>

[Overall Structure]

[0011] Fig. 1 is a partially-cutaway perspective view of
a light source pertaining to Embodiment 1. Fig. 2 is a

cross-sectional view taken along the line A-A in Fig. 1,
looking in the direction of the appended arrows. Fig. 3 is
an enlarged cross-sectional view showing the portion
surrounded by the two-dot chain lines in Fig. 2. Note that
the dashed-dotted lines extending in the top-to-bottom
direction on the drawing sheets each represent a lamp
axis J of the light source. The top of the sheet corresponds
to the top of the light source, and the bottom of the sheet
corresponds to the bottom of the light source.
[0012] As shown in Figs. 1 through 3, a light source 1
pertaining to Embodiment 1 is an LED lamp that serves
as a substitute for an incandescent light bulb, and in-
cludes: a semiconductor light-emitting module 10 as a
light source; a mount 20 on which the semiconductor
light-emitting module 10 is mounted; a globe 30 covering
the semiconductor light-emitting module 10; a circuit unit
40 for lighting the semiconductor light-emitting module
10; a circuit holder 50 housing the circuit unit 40; a casing
60 enclosing the circuit holder 50; a base 70 electrically
connected to the circuit unit 40; and a reflector 80 for
diffusing light emitted by the semiconductor light-emitting
module 10.

[Structure of Each Component]

(1) Semiconductor Light-emitting Module

[0013] Fig. 4 is a plan view of the semiconductor
light-emitting module pertaining to Embodiment 1. As
shown in Fig. 4, the semiconductor light-emitting module
10 includes: a mounting board 11; a plurality of semicon-
ductor light-emitting elements 12 serving as a light source
mounted on the mounting board 11; and sealants 13 dis-
posed on the mounting board 11 so as to cover the sem-
iconductor light-emitting elements 12. It should be noted
here that although the semiconductor light-emitting ele-
ments 12 and the semiconductor light-emitting module
10 in the present invention are LEDs and a LED module
respectively, LD (laser diode) or EL elements (electric
luminescence elements) may be adopted.
[0014] The mounting board 11 includes: an element
mounting part 15 that is in a substantially annular shape
and has a hole 14 that is in a substantially circular shape
and is located in the center of the element mounting part
15; and a tongue-shaped part 16 protruding from a por-
tion of an inner periphery of the element mounting part
15 toward the center point of the hole 14. A connector
17, to which a wiring line 41 is to be connected, is provided
on the lower surface of the tongue-shaped part 16. With
the wiring line 41 connected to the connector 17, the sem-
iconductor light-emitting module 10 and the circuit unit
40 are electrically connected together (See Fig. 2).
[0015] Thirty-two semiconductor light-emitting ele-
ments 12, for example, are arranged in an annular shape
on the upper surface of the element mounting part 15.
Specifically, sixteen pairs of two semiconductor
light-emitting elements 12, each pair being arranged in
the radial direction of the element mounting part 15, are
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arranged annularly along the peripheral direction of the
element mounting part 15 at equal intervals. Note that
the term "annular shape" defined in the present applica-
tion includes a polygonal annular shape, such as a trian-
gle, square, or pentagon shape, as well as a circular ring-
like shape. Hence, the semiconductor light-emitting ele-
ments 12 may be arranged in an oval annular shape, or
a polygonal shape.
[0016]  Each pair of the semiconductor light-emitting
elements 12 is separately sealed with one of the sealants
13 that are in a substantially rectangular-cuboid shape.
Hence, the number of the sealants 13 is sixteen. The
lengthwise direction of each sealant 13 coincides with
the radial direction of the element mounting part 15.
When the sealants 13 are viewed in the top-to-bottom
direction along the lamp axis J (i.e. in plan view), the
sealants 13 are arranged in the radial direction from the
lamp axis J as the center point.
[0017] The sealants 13 are made mainly of a
light-transmissive material. If there is a need for convert-
ing the wavelength of the light emitted by the semicon-
ductor light-emitting elements 12 to a predetermined
wavelength, a wavelength conversion material for con-
verting the wavelength is mixed in the light-transmissive
material. As a light-transmissive material, silicone resin
may be used, for example. As a wavelength conversion
material, phosphor particles may be used, for example.
In the present embodiment, the semiconductor light-
emitting elements 12 emit blue light, and the sealants 13
are made of light-transmissive material mixed with phos-
phor particles for converting blue light to yellow light. A
portion of the blue light emitted from the semiconductor
light-emitting elements 12 is converted to yellow light by
the sealants 13, and thus the semiconductor light-emit-
ting module 10 emits white light generated by mixing blue
light not converted and the yellow light resulting from the
conversion.
[0018] Note that the semiconductor light-emitting mod-
ule 10 may be a combination of semiconductor light-emit-
ting elements that emit ultraviolet light and phosphor par-
ticles that emit three primary colors (red, green, blue),
for example. Furthermore, as a wavelength conversion
material, a material containing a substance that absorbs
light with a particular wavelength and emits light with dif-
ferent wavelength than the absorbed light may be used.
Such substances include: a semiconductor; a metal com-
plex compound; an organic dye; and a pigment, for ex-
ample. The semiconductor light-emitting elements 12 are
arranged to emit light primarily upward, i.e., in the direc-
tion of the lamp axis J.

(2) Mount

[0019] Returning to Fig. 2, the mount 20 is in a sub-
stantially cylindrical shape provided with a through hole
21 that is in a substantially columnar shape, for example.
The mount 20 is disposed such that the cylinder axis
thereof coincides with the lamp axis J. Hence, the through

hole 21 extends in the top-to-bottom direction, and the
upper surface 22 and the lower surface 23 of the mount
20 shown in Fig. 3 are faces that are each in a substan-
tially annular shape. The semiconductor light-emitting
module 10 is mounted on the upper surface 22 of the
mount 20. Thus the semiconductor light-emitting ele-
ments 12 are disposed on a same plane so as to emit
light primarily upward. Since all the semiconductor light-
emitting elements 12 are disposed on a same plane,
namely the upper surface 22 of the mount 20, it is easy
to mount the semiconductor light-emitting elements 12
on the mount 20, and to assemble the light source.
[0020] Note that the upper surface 22 is not necessarily
in the substantially annular shape, and may be in any
shape. Furthermore, it is not necessary that the upper
surface 22 is in a planar shape as a whole if the semi-
conductor light-emitting elements can be mounted on a
same plane. Moreover, the lower surface 23 is not nec-
essarily in a planar shape.
[0021] The semiconductor light-emitting module 10, to-
gether with the reflector 80, is fixed to the mount 20 with
a screw. Note that the semiconductor light-emitting mod-
ule 10 may be fixed to the mount 20 by, for example,
being bonded to or engaged with the mount 20.
[0022] The mount 20 is made of metal material, for
example. Examples of the metal material include: Al, Ag,
Au, Ni, Rh, Pd, an alloy of two or more of them, or an
alloy of Cu and Ag. Since such metal material has an
excellent thermal conductivity, heat generated by the
semiconductor light-emitting module 10 is efficiently con-
ducted to the casing 60.
[0023] The light source 1 is lightweight since the
through hole 21 is provided in the mount 20. Also, since
the circuit unit 40 is partially housed within the through
hole 21, or extends off the through hole 21 and is housed
within the globe 30, the light source 1 is downsized.

(3) Globe

[0024] Returning to Fig. 2, the globe 30 in the present
embodiment is in a shape similar to common A-type
bulbs. An open end portion 31 of the globe 30 is pressed
into the gap surrounded by an upper end portion 62 of
the casing 60. Thus the globe 30 is fixed to the casing
60 so as to cover the semiconductor light-emitting mod-
ule 10 and the reflector 80. The envelope of the light
source 1 consists of the globe 30 and the casing 60.
[0025] Note that the globe 30 is not necessarily in the
shape similar to A-type bulbs, and may be in any shape.
Moreover, the light source globe may be not provided
with a globe. Also, the globe 30 may be fixed to the casing
60 by adhesive or the like.
[0026] An inner surface 32 of the globe 30 has been
subject to light diffusion treatment with the use of silica
or white pigment, for example, for diffusing light emitted
from the semiconductor light-emitting module 10. The
incident light to the inner surface 32 of the globe 30 pass-
es through the globe 30, and is taken out of the globe 30.
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(4) Circuit Unit

[0027] The circuit unit 40 is used for lighting the sem-
iconductor light-emitting elements, and includes the cir-
cuit board 42 and various kinds of electronic parts 43 and
44 mounted on the circuit board 42. Note that only some
of the electronic parts are given reference numbers. The
circuit unit 40 is housed in the circuit holder 50, and is
fixed to the circuit holder 50 by, for example, being
screwed to, bonded to, or engaged with the circuit holder
50.
[0028] The circuit board 42 is disposed such that the
main surface thereof is in parallel with the lamp axis J.
Thus the circuit unit 40 can be compactly housed in the
circuit holder 50. On the circuit unit 40, the electronic part
43, which is not resistant to heat, is located close to the
lower side, i.e. located away from the semiconductor
light-emitting module 10, and the electronic part 44,
which is resistant to heat, is located close to the upper
side, i.e. located close to the semiconductor light-emitting
module 10. With such a structure, the electronic part 43,
which is not resistant to heat, is prevented from being
broken by heat generated by the semiconductor light-
emitting module 10.
[0029] The circuit unit 40 and the base 70 are electri-
cally connected by electrical wiring lines 45 and 46. The
electrical wiring line 45 passes through the through hole
51 provided in the circuit holder 50, and is connected to
a shell 71 of the base 70. The electrical wiring line 46
passes through a lower opening 54 of the circuit holder
50, and is connected to an eyelet 73 of the base 70.
[0030] The circuit unit 40 is partially housed within the
through hole 21 of the mount 20 or within the globe 30.
With this structure, the space below the mount 20 for
housing the circuit unit 40 can be downsized. Hence, the
distance between the mount 20 and the base 70, and the
diameter of the casing 60 can be reduced. This is an
advantage in terms of downsizing the light source 1.

(5) Circuit Holder

[0031] The circuit holder 50 is in a substantially cylin-
drical shape with both ends open, for example, and con-
sists of a large-diameter part 52 and a small-diameter
part 53. The large-diameter part 52 as the upper part of
the circuit holder 50 houses a large part of the circuit unit
40. On the other hand, the base 70 is fit onto the small-
diameter part 53 as the lower part of the circuit holder
50, and thus the opening 54 of the lower opening 54 of
the circuit holder 50 is sealed. The circuit holder 50 is
preferably made of insulative material, such as resin.
[0032] The large-diameter part 52 of the circuit holder
50 passes through the through hole 21 of the mount 20,
and thus the circuit unit is partially housed in the through
hole 21 of the mount 20 while being housed in the circuit
holder 50. As shown in Fig. 3, the circuit holder 50 and
the mount 20 are not in contact, and a gap is provided
between an outer surface 55 of the circuit holder 50 and

an inner surface 24 of the through hole 21 of the mount
20. Moreover, the circuit holder 50 is not in contact with
the semiconductor light-emitting module 10 or the reflec-
tor 80, and a gap is provided between the mounting board
11 of the semiconductor light-emitting module 10 and the
outer surface 55 of the circuit holder 50, and between an
upper end portion 57 of the circuit holder 50 and the re-
flector 80. Hence, heat generated by the semiconductor
light-emitting module 10 is not easily conducted to the
circuit holder 50, and hardly raises the temperature of
the circuit holder 50. Thus, the circuit unit 40 is prevented
from being damaged by heat.
[0033] Returning to Fig. 2, the circuit holder 50 is pro-
vided with a through hole 56, which corresponds in loca-
tion to the tongue-shaped part 16 of the semiconductor
light-emitting module 10. The tip of the tongue-shaped
part 16 is inserted into the circuit holder 50 via the through
hole 56. The connector 17 disposed on the tongue-
shaped part 16 is located within the circuit holder 50.

(6) Casing

[0034] The casing 60 is, for example, in a cylindrical
shape with both ends open, and the diameter thereof is
gradually reduced in from the top to the bottom. As shown
in Fig. 3, an upper end portion 62 of the casing 60 houses
therein the mount 20 and the open end portion 31 of the
globe 30. The casing 60 is fixed to the mount 20 by swag-
ing, for example. Note that the casing 60 may be fixed
to the mount 20 by pouring adhesive into a space 63
surrounded by the casing 60, the mount 20 and the globe
30.
[0035] The outer periphery of the lower end portion of
the mount 20 is tapered in accordance with the shape of
an inner circumferential surface 64 of the casing 60. A
taper surface 25 of the mount 20 is in contact with the
inner circumferential surface 64 of the casing 60 by sur-
face contact. Hence the heat conducted from the semi-
conductor light-emitting module 10 to the mount 20 is
easily conducted further to the casing 60. Heat generated
by the semiconductor light-emitting elements 12 is mainly
conducted to the base 70 via the mount 20 and the casing
60, and further via the small-diameter part 53 of the circuit
holder 50. Then the heat is radiated from the base 70 to
the light fixture (not illustrated).
[0036] The casing 60 is made of metal material, for
example. Examples of the metal material include: Al, Ag,
Au, Ni, Rh, Pd, an alloy of two or more of them, or an
alloy of Cu and Ag. Since such metal material has an
excellent thermal conductivity, heat conducted to the cas-
ing 60 is efficiently conducted to the base 70. Note that
the casing 60 is not necessarily made of metal, and may
be made of material with high thermal conductivity, such
as resin.

(7) Base

[0037] Returning to Fig. 2, the base 70 is a member
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for receiving electric power from the socket of the light
fixture when the light source 1 is attached to the light
fixture and is lit up. Although the base 70 is not limited
to any particular type, an E26 base, which is a base of
an Edison type, is used in the present embodiment. The
base 70 includes: a shell 71 having a substantially circular
cylinder and whose outer surface has an external thread;
and an eyelet 73 attached to the shell 71 with an insulator
72 therebetween. An insulator 74 is inserted between the
shell 71 and the casing 60.

(8) Reflector

[0038] The reflector 80 is in a tubular shape with a bot-
tom, and includes: a main body 81 that is in a cylindrical
shape with both ends open; and an attachment 82 that
is in a substantially discoid shape and seals the lower
opening of the main body 81. The reflector 80 is made
of, for example, resin such as polycarbonate, metal such
as aluminum, glass, ceramics, or the like. In the present
embodiment, polycarbonate is used. Since resin such as
polycarbonate is lightweight, using resin is preferable for
reducing the weight of the light source 1.
[0039] Fig. 5 is a cross-sectional view taken along the
line B-B in Fig. 1, looking in the direction of the appended
arrows. As shown in Fig. 5, the reflector 80 is provided
with a hole 83. The reflector 80, together with the mount-
ing board 11, is fixed to the mount 20 by placing the outer
periphery of the attachment 82 on the inner periphery of
the mounting board 11 of the semiconductor light-emit-
ting module 10 and then screwing a screw 90, inserted
in the hole 83, into a screw hole 26 of the mount 20. As
shown in Fig. 1, the same structure as the hole 83 is
provided at three points near the border between the
main body 81 and the attachment 82, for example.
[0040] As shown in Fig. 4, the inner periphery of the
element mounting part 15 of the mounting board 11 is
partially cut out to form a cut 18. Also, as shown in Fig.
3, the lower surface of the attachment 82 is provided with
a protrusion 84. With the use of the cut 18 and the pro-
trusion 84, it is easy to appropriately position the reflector
80 with respect to the semiconductor light-emitting ele-
ments 12 by simply fitting the protrusion 84 to the cut 18.
[0041] The main body 81 is in a substantially cylindrical
shape, and whose outside diameter gradually increases
from bottom to top. The main body 81 is disposed above
the semiconductor light-emitting elements 12, with a gap
between the main body 81 and the semiconductor light-
emitting module 10, such that the cylinder axis of the
main body 81 intersects with the upper surface 22 of the
mount 20 at right angles. The outer surface 85 of the
main body 81 is in a substantially annular shape when
viewed in the bottom-to-top direction along the lamp axis
J. The outer surface 85 covers the semiconductor light-
emitting elements 12 arranged annularly on the mounting
board 11, and thus faces the semiconductor light-emitting
elements 12.
[0042] The reflector 80 is provided with a plurality of

openings 86, which are arranged across the main body
81 and the attachment 82 at intervals, along the circum-
ference of the outer surface 85 of the main body 81
around the axis of the main body 81. Specifically, the
same number of openings 86 as the sealant 13 of the
semiconductor light-emitting module 10, namely sixteen
openings 86 are arranged on the main body 81 at inter-
vals along the circumference of the outer surface 85 so
that the openings 86 face the sealants 13 in one-to-one
correspondence.
[0043] Although the openings 86 in the present em-
bodiment are through holes and no parts are fit into the
openings 86, the openings 86 do not necessarily have
such a structure if light can be leaked upward. For ex-
ample, a light-transmissive member may be fit into some
or all of the openings 86 so that light is allowed to leak
upward after passing through the light-transmissive
member. Also, the number of the openings 86 is not nec-
essarily the same as the number of the sealants 13. The
number of the openings 86 may be greater or smaller
than the number of the sealants 13, and may be single
or plural.
[0044] In plan view, the opening 86 is in a substantially
square shape, and approximately a half of the sealant
13 closer to the cylinder axis is located within the opening
86. The other half farther to the cylinder axis faces the
outer surface 85 of the main body 81. In other words,
approximately a half of the sealant 13 can be seen from
above the opening 86, and the other half is hidden behind
the main body 81. This can be explained as follows,
based on the relationship with the semiconductor
light-emitting elements 12. Among two semiconductor
light-emitting elements 12 sealed with a single sealant
13, the semiconductor light-emitting element 12a closer
to the cylinder axis is located within the opening 86, and
the semiconductor light-emitting element 12b farther
from the cylinder axis faces the outer surface 85 of the
main body 81.
[0045] The semiconductor light-emitting element 12b
emits light primarily toward the outer surface 85, and the
outer surface 85 serves as the reflective surface of the
reflector 80. In the present embodiment, the reflector 80
is made of white polycarbonate in order to increase the
reflectivity of the outer surface 85. It is preferable to form
the main body 81 from a white material for increasing the
reflectivity of the outer surface 85. Another approach to
increase the reflectivity of the outer surface 85 is to proc-
ess the outer surface 85 of the main body 81 to be re-
flective. For example, grinding, coating, thermal deposi-
tion, electron beam deposition, sputtering, plating, or the
like may be adopted to increase the reflectivity.
[0046] The outer surface 85 of the main body 81 is a
concavity curving toward the cylinder axis of the main
body 81. More specifically, in the cross section (herein-
after referred to as "vertical cross section") of the main
body 81 along an imaginary plane including the lamp axis
J (which coincides with the cylinder axis), the outer sur-
face 85 is in a substantially arc-like shape curving toward

9 10 



EP 2 587 562 A1

7

5

10

15

20

25

30

35

40

45

50

55

the lamp axis J. In other words, the arc is a concavity
curved so as to be closer to the lamp axis J with respect
to the line segment connecting the lower edge and the
upper edge of the outer surface 85 in the cross section.
Specifically, in the present embodiment, the outer sur-
face 85 in the vertical cross section is in a substantially
elliptical arc-like shape.
[0047] The concave shape curving toward the cylinder
axis is suitable for reflecting light from the semiconductor
light-emitting elements 12 in an obliquely downward di-
rection that is closer to the right downward direction (i.e.
closer to the parallel direction to the lamp axis J). Thus,
this shape effectively widens the light distribution angle
of the light source 1. Also, such a shape is suitable for
concentrating the reflection light toward a particular di-
rection.
[0048] In the present embodiment, the outer surface
85 of the main body 81 entirely serves as the reflective
surface. However, this is not essential, and it is possible
that only a part of the outer surface 85 serves as the
reflective surface.
[0049] Also, the shape of the outer surface 85 of the
main body 81 of the reflector 80 is not limited to a sub-
stantially arc-like shape curving toward the lamp axis J
in the vertical cross section. The outer surface 85 may
be in a substantially arc-like shape curving away from
the lamp axis J, or may be straight in the vertical cross
section.
[0050] Also, although the reflector 80 of the present
embodiment is in a cylindrical shape with a bottom, the
reflector may be in a substantially plate-like shape.
[0051] As represented as optical paths L1 in Fig. 3, a
large portion of the light emitted from the semiconductor
light-emitting element 12b strikes the outer surface 85 of
the main body 81 and is reflected off the outer surface
85. The reflection light passes through the annular area
laterally surrounding the mount 20, and travels obliquely
downward so as to avoid the upper surface 22 of the
mount 20. Meanwhile, as represented as optical paths
L2 in Fig. 3, a large portion of the light emitted from the
semiconductor light-emitting element 12a passes
through the opening 86, and leaks upward. Here, note
that not all the light emitted from the semiconductor light-
emitting element 12b is reflected off the outer surface 85
obliquely downward. A portion of the light passes through
the opening 86 and leaks upward. Also, not all the light
emitted from the semiconductor light-emitting element
12a passes through the opening 86 and leaks upward.
A portion of the light is reflected off the outer surface 85
obliquely downward so as to avoid the upper surface 22
of the mount 20. As described above, the reflector 80
achieves the function of diffusing the light emitted by the
semiconductor light-emitting elements 12.
[0052] Since the light source 1 has the outer surface
85 for reflecting a portion of the light from the semicon-
ductor light-emitting elements 12 obliquely downward so
as to avoid the upper surface 22 of the mount 20, the
light source 1 achieves excellent luminous intensity dis-

tribution even when the semiconductor light-emitting el-
ements 12 have a narrow radiation angle. Also, since the
semiconductor light-emitting elements 12 are arranged
annularly, and accordingly, the outer surface 85 is ar-
ranged annularly, the reflection, by which the light is re-
flected obliquely downward so as to avoid the upper sur-
face 22, occurs all around the mount 20. Hence, the light
source 1 achieves excellent luminous intensity distribu-
tion all around the lamp axis J.

[Luminous Intensity Distribution of Light source]

[0053] The following describes in detail the reason why
the light source 1 achieves previous luminous intensity
distribution. Fig. 6 is a luminous intensity distribution
curve for explaining the luminous intensity distribution of
the light source. As shown in Fig. 6, the luminous intensity
distribution curve represents 360-degree luminous inten-
sities including the upward direction of the light source
1. The upward direction long the lamp axis J of the light
source 1 is marked with 0°, the downward direction along
the lamp axis J is marked with 180°, and the entire cir-
cumference is marked every 10°, in both clockwise and
counter clockwise directions. In the luminous intensity
curve, the scale marks given in the radial direction indi-
cate values of luminous intensity. Each intensity value is
represented as relative magnitude with respect to the
maximum intensity of the luminous intensity curve when
the value of the maximum intensity is 1.
[0054] In Fig. 6: the dashed-dotted line represents a
luminous intensity distribution curve A of an incandescent
light bulb; the broken line represents a luminous intensity
distribution curve B of the light source 900 of the Patent
Literature 1; and the solid line represents a luminous in-
tensity distribution curve C of the light source 1 pertaining
to the present embodiment.
[0055] The luminous intensity distribution was evalu-
ated based on the light distribution angle. A light distri-
bution angle represents an angular range within which
the emitted light has luminous intensity of more than a
half of the maximum luminous intensity of the light source.
In the case of the luminous intensity distribution curve
shown in Fig. 6, the light distribution angle represents an
angular range within which the relative luminous intensity
is equal to or greater than 0.5.
[0056] As seen from Fig. 6, the light distribution angle
of the incandescent light bulb is approximately 315°, the
light distribution angle of the light source 900 of the Patent
Literature 1 is approximately 165°, and the light distribu-
tion angle of the light source 1 pertaining to the present
embodiment is approximately 270°. Thus, the light dis-
tribution angle of the light source 1 is wider than the light
source 900, and is close to the incandescent light bulb.
This means that the luminous intensity distribution of the
light source 1 is better than the light source 900, and is
close to the incandescent light bulb.
[0057] To improve the light distribution angle of the light
source 1, the semiconductor light-emitting elements 12
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may be mounted on the outer periphery of the element
mounting part 15 of the mounting board 11. With this
structure, the reflector 80 reflects the light emitted from
the semiconductor light-emitting elements 12 in an ob-
liquely downward direction that is closer to the right down-
ward direction (i.e. closer to the parallel direction to the
lamp axis J).

[Excellent Appearance of Light source while being Lit]

[0058] The following describes the excellent appear-
ance of the light source 1 while being lit. Since the open-
ings 86 are provided in the reflector 80, the light source
1 produces preferable effects while being lit. From the
openings 86, the main body 81 of the reflector 80 leaks
upward a portion of the light emitted by the semiconductor
light-emitting elements 12 as well as reflecting the light.
Hence, the reflector 80 casts less shadow, and when
viewed from above or from a side (i.e. in the direction
perpendicular to the lamp axis J), the appearance of the
light source 1 being lit is preferable.
[0059] To confirm the excellent appearance during the
lighting, the radiant intensity distribution of the light
source 1 pertaining to the present embodiment was com-
pared with the radiant intensity distribution of a light
source pertaining to a comparative example with a re-
flector that is provided with no openings. Note that the
light source pertaining to the comparative example has
the same structure as the light source 1 pertaining to the
present embodiment except that the reflector is provided
with no openings.
[0060] Fig. 7 shows diagrams depicting radiant inten-
sity distribution of a light source during lighting. The dia-
gram A shows the case where the light source pertaining
to the present embodiment is viewed from above (i.e. in
plan view). The diagram B shows the case where the
light source pertaining to the comparative example is
viewed from above. The diagram C shows the case
where the light source pertaining to the present embod-
iment is viewed from a side (i.e. in the direction perpen-
dicular to the lamp axis J). The diagram D shows the
case where the light source pertaining to the comparative
example is viewed from a side.
[0061] Comparing A and B shows that the reflector 80
of the light source 1 pertaining to the present embodi-
ment, which is provided with the openings 86, casts less
shadow over the center portion of the globe 30 than the
reflector of the light source pertaining to the comparative
example, which is provided with no openings. Also, com-
paring C and D shows that the reflector of the light source
1 pertaining to the present embodiment casts less shad-
ow over the top portion (upper portion) of the globe 30
than the reflector of the light source pertaining to the com-
parative example when viewed from their respective
sides. As described above, since the reflector casts less
shadow, the light source 1 exhibits excellent appearance
during the lighting.

<Embodiment 2>

[0062] Fig. 8 is a partially-cutaway perspective view of
a light source pertaining to Embodiment 2. Fig. 9 is a
cross-sectional view showing primary elements of a light
source pertaining to Embodiment 2. As shown in Fig. 8
and Fig. 9, a light source 100 pertaining to Embodiment
2 is greatly different from the light source 1 pertaining to
Embodiment 1 in the shape of openings 186 of a main
body 181. The other components are basically the same
as the light source 1 pertaining to Embodiment 1. There-
fore, the following describes only the differences in detail,
and the explanations of the other components are sim-
plified or omitted. The same components as Embodiment
1 are given the same reference numbers as Embodiment
1.
[0063] A light source 100 pertaining to Embodiment 2
is an LED lamp that serves as a substitute for an incan-
descent light bulb, and includes: a semiconductor
light-emitting module 10; a mount 20; a globe 30; a circuit
unit 40; a circuit holder 50; a casing 60; a base (not de-
picted); and a reflector 180 for diffusing light emitted by
the semiconductor light-emitting module 10.
[0064] The circuit holder 150 is substantially the same
as the circuit holder 50 pertaining to Embodiment 1 ex-
cept that within the globe 30, the upper end portion 157
protrudes more than in Embodiment 1. Since the upper
end portion 157 of the circuit holder 150 protrudes more
within the globe 30, the space for housing the circuit unit
40 is larger than Embodiment 1.
[0065] The main body 181 of the reflector 180 is in a
substantially cylindrical shape that is similar to the shape
of the main body 81 of the reflector 80 pertaining to Em-
bodiment 1 with the lower end portion of the main body
81 extended downward along the lamp axis J. The diam-
eter of the upper end portion of the main body 181 grad-
ually increases from bottom to top, and the diameter (the
outside diameter and the inside diameter) of the lower
end portion of the main body 181 is constant. The lower
end portion 187 of the main body 181 is fixed to the upper
surface 19 of the element mounting part 15 of the mount-
ing board 11.
[0066] The attachment 182 of the reflector 180 is in a
substantially disc-like shape, and is located at the border
between the part 181 a with a gradually increasing diam-
eter and the part 181b with a constant diameter of the
main body 181, so that the main body 181 is partitioned
with the attachment 182. The attachment 182 is attached
to the upper end portion 157 of the circuit holder 150.
[0067] The part 181 a of the main body 181, whose
diameter gradually increases, is provided with openings
186 elongated in the direction perpendicular to the cyl-
inder axis of the main body 181. The openings 186 are
arranged radially with respect to the cylinder axis. Spe-
cifically, in plan view, each of the openings 186 is in a
substantially rectangular shape whose lengthwise direc-
tion is perpendicular to the lamp axis J. Each sealant 13
of the semiconductor light-emitting module 10 is entirely
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located within the corresponding opening 186 (i.e. can
be seen from above the opening 186). This structure in-
creases the ratio of the portion of light that travels upward.
[0068] Note that it is possible to increase the ratio of
the portion of light that travels obliquely downward by
displacing the openings 186 to reduce the amount of the
sealants 13 that can be seen from the openings 186 in
plan view. The openings 186 may be located so that the
sealants 13 are entirely hidden behind the main body 181.
[0069] The number of the openings 186 is not neces-
sarily the same as the number of the sealants 13. The
number of the openings 186 may be greater or smaller
than the number of the sealants 13, and may be single
or plural. The width of each of the openings 186 in the
widthwise direction (the circumferential direction of the
main body 181) may be uniform all along the lengthwise
direction (the direction perpendicular to the lamp axis J),
or may increase as the distance from the lamp axis J
increases, or may decrease as the distance from the lamp
axis J increases.
[0070] The outer surface 185 of the main body 181
entirely serves as a reflective surface. In the present em-
bodiment, the outer surface 185 of the main body 181
entirely serves as the reflective surface. However, this is
not essential, and it is possible that only a part of the
outer surface 185 serves as the reflective surface.
[0071] Since the outer surface 185 reflects a portion
of the light from the semiconductor light-emitting module
10 obliquely downward so as to avoid the upper surface
22 of the mount 20, the light source 100 achieves excel-
lent luminous intensity distribution even when the semi-
conductor light-emitting elements 12 have a narrow ra-
diation angle. Moreover, since another portion of the light
emitted by the semiconductor light-emitting module 10
passes through the openings 186 and leaks upward, the
light source 100 exhibits excellent appearance during the
lighting.

<Embodiment 3>

[0072] Fig. 10 is a partially-cutaway perspective view
of a light source pertaining to Embodiment 3. Figs. 11A
and 11B are diagrams for explaining a light source per-
taining to Embodiment 3. Fig. 11A is a cross-sectional
view showing primary elements of the light source, and
Fig. 11B is a plan view showing a semiconductor light-
emitting module. As shown in Fig. 10 and Fig. 11A, a
light source 200 pertaining to Embodiment 3 is greatly
different from the light source 100 pertaining to Embod-
iment 2 in regard to the shape of openings 286 of a main
body 281 and arrangement of semiconductor light-emit-
ting elements 212. The other components are basically
the same as the light source 100 pertaining to Embodi-
ment 2. Therefore, the following describes only the dif-
ferences in detail, and the explanations of the other com-
ponents are simplified or omitted. The same components
as the embodiments described above are given the same
reference numbers as the embodiments.

[0073] The light source 200 pertaining to Embodiment
3 is an LED lamp that serves as a substitute for an in-
candescent light bulb, and includes: a semiconductor
light-emitting module 210 as a light source; a mount 20
on which the semiconductor light-emitting module 210 is
mounted; a globe 30 covering the semiconductor light-
emitting module 210; a circuit unit 40 for lighting the sem-
iconductor light-emitting module 210; a circuit holder 150
housing the circuit unit 40; a casing 60 enclosing the cir-
cuit holder 150; a base (not depicted) electrically con-
nected to the circuit unit 40; and a reflector 280 for dif-
fusing light emitted by the semiconductor light-emitting
module 210.
[0074] As shown in Fig. 11B, in the semiconductor
light-emitting module 210, the sealants 213 are arranged
on the element mounting part 215 of the mounting board
211 so that the long sides of the sealants 213 form a ring
aligned along the circumference of the element mounting
part 215. A plurality of semiconductor light-emitting ele-
ments 212 are arranged on the element mounting part
215 of the mounting board 211 along the circumference
of the element mounting part 215. Pairs of two semicon-
ductor light-emitting elements 212 are sealed with seal-
ants 213, and the long sides of the sealants 213 form a
ring aligned along the circumference of the element
mounting part 215. With such a structure, the arrange-
ment of the parts that emit light is more close to consec-
utive arrangement along the circumference of the ele-
ment mounting part 215, and the unevenness in the lu-
minance in the circumferential direction hardly occurs.
Note that a tongue-shaped part 216 is provided to extend
from a portion of the inner periphery of the element
mounting part 215 toward the center point of the hole
214, and a connector 217 is provided on the lower surface
of the tongue-shaped part 216.
[0075] Returning to Fig. 11A, in regard to the reflector
280, the main body 281 and the attachment 282 are re-
spectively in the same shapes as the main body 181 and
the attachment 182 of the reflector 180 pertaining to Em-
bodiment 2. Similarly to Embodiment 2, the lower end
portion 287 of the main body 281 is fixed to the upper
surface 219 of the element mounting part 215 of the
mounting board 211, and the attachment 182 is fixed to
the upper end portion 157 of the circuit holder 150.
[0076] The part 281 a of the main body 281, whose
diameter gradually increases from bottom to top, is pro-
vided with openings 286 elongated in the circumferential
direction of the main body 281. The openings 286 are
arranged concentrically around the cylinder axis. Specif-
ically, each of the openings 286 is a slit that is in the
shape of one of eight arcs equally divided from a ring.
Five sets of eight separate arc-like slits are arranged con-
centrically around the cylinder axis. In plan view, the seal-
ant 213 of the semiconductor light-emitting module 210
is partially located within the opening 286 (i.e. can be
partially seen from above the opening 286). With such a
structure, it is almost unnecessary to correct positioning
of the openings 286 and the sealants 213 in the circum-

15 16 



EP 2 587 562 A1

10

5

10

15

20

25

30

35

40

45

50

55

ferential direction. Hence, it is easy to assemble the light
source 200.
[0077] The openings 286 are not limited to those de-
scribed above in regard to the shape, the size, the
number and the arrangement. However, in order to make
it almost unnecessary to correct positioning of the open-
ings 286 and the sealants 213 in the circumferential di-
rection, it is preferable that a plurality of arc-like openings
286 or a single ring-like opening, each serving as a slit,
is provided along the circumference of the main body 281.
[0078] The outer surface 285 of the main body 281
entirely serves as a reflective surface. In the present em-
bodiment, the outer surface 285 of the main body 281
entirely serves as the reflective surface. However, this is
not essential, and it is possible that only a part of the
outer surface 285 serves as the reflective surface.
[0079] Since the outer surface 285 reflects a portion
of the light from the semiconductor light-emitting module
210 obliquely downward so as to avoid the upper surface
22 of the mount 20, the light source 200 achieves excel-
lent luminous intensity distribution even when the semi-
conductor light-emitting elements 212 have a narrow ra-
diation angle. Moreover, since another portion of the light
emitted by the semiconductor light-emitting module 210
passes through the openings 286 and leaks upward, the
light source 200 exhibits excellent appearance during the
lighting.

<Embodiment 4>

[0080] Fig. 12 is a partially-cutaway perspective view
of a light source pertaining to Embodiment 4. Fig. 13 is
a cross-sectional view showing primary elements of a
light source pertaining to Embodiment 4. As shown in
Fig. 12 and Fig. 13, a light source 300 pertaining to Em-
bodiment 4 is different from the light source 100 pertain-
ing to Embodiment 2 in that the reflector 380 of the light
source 300 is provided with cuts 386 instead of openings.
The other components are basically the same as the light
source 100 pertaining to Embodiment 2. Therefore, the
following describes only the differences in detail, and the
explanations of the other components are simplified or
omitted. The same components as Embodiment 2 are
given the same reference numbers as Embodiment 2.
[0081] A light source 300 pertaining to Embodiment 4
is an LED lamp that serves as a substitute for an incan-
descent light bulb, and includes: a semiconductor
light-emitting module 10; a mount 20; a globe 30; a circuit
unit 40; a circuit holder 150; a casing 60; a base (not
depicted); and a reflector 380 for diffusing light emitted
by the semiconductor light-emitting module 10.
[0082] In regard to the reflector 380, the main body 381
and the attachment 382 are respectively in the same
shapes as the main body 181 and the attachment 182 of
the reflector 180 pertaining to Embodiment 2. Similarly
to Embodiment 2, the lower end portion 387 of the main
body 381 is fixed to the upper surface 19 of the element
mounting part 15 of the mounting board 11, and the at-

tachment 382 is fixed to the upper end portion 157 of the
circuit holder 150.
[0083] The part 381 a of the main body 381, whose
diameter gradually increases from bottom to top, is pro-
vided with cuts 386. The cuts 386 are each in a rectan-
gular shape whose lengthwise direction is perpendicular
to the cylinder axis of the main body 381, and are ar-
ranged radially with respect to the cylinder axis of the
main body 381. Specifically, in plan view, each of the
cuts 386 is in a substantially rectangular shape whose
lengthwise direction is perpendicular to the lamp axis J.
Each sealant 13 of the semiconductor light-emitting mod-
ule 10 is entirely located within the corresponding cut 386
(i.e. can be seen from above the cut 386). This structure
increases the ratio of the portion of light that travels up-
ward.
[0084] Note that it is possible to increase the ratio of
the portion of light that travels obliquely downward by
displacing the cuts 386 to reduce the amount of the seal-
ants 13 that can be seen from the cuts 386 in plan view.
The cuts 386 may be located so that the sealants 13 are
entirely hidden behind the main body 381.
[0085] Although the cuts 386 in the present embodi-
ment are through holes and no parts are fit into the cuts
386, the cuts 386 do not necessarily have such a struc-
ture if light can be leaked upward. For example, a
light-transmissive member may be fit into some or all of
the cuts 386 so that light is allowed to leak upward after
passing through the light-transmissive member.
[0086] Although the cuts 386 of the present embodi-
ment are left as they are and no parts are fit into the cuts
386, the cuts 386 do not necessarily have such a struc-
ture if light can be leaked upward. For example, a
light-transmissive member may be fit into some or all of
the cuts 386 so that light is allowed to leak upward after
passing through the light-transmissive member. The
number of the cuts 386 is not necessarily the same as
the number of the sealants 13. The number of the cuts
386 may be greater or smaller than the number of the
sealants 13, and may be single or plural. The width of
each of the cuts 386 in the widthwise direction (the cir-
cumferential direction of the main body 381) may be uni-
form all along the lengthwise direction (the direction per-
pendicular to the lamp axis J), or may increase as the
distance from the lamp axis J increases, or may decrease
as the distance from the lamp axis J increases.
[0087] The outer surface 385 of the main body 381
entirely serves as a reflective surface. In the present em-
bodiment, the outer surface 385 of the main body 381
entirely serves as the reflective surface. However, this is
not essential, and it is possible that only a part of the
outer surface 385 serves as the reflective surface.
[0088] Since the outer surface 385 reflects a portion
of the light from the semiconductor light-emitting module
10 obliquely downward so as to avoid the upper surface
22 of the mount 20, the light source 300 achieves excel-
lent luminous intensity distribution even when the semi-
conductor light-emitting elements 12 have a narrow ra-
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diation angle. Moreover, since another portion of the light
emitted by the semiconductor light-emitting module 10
passes through the cuts 386 and leaks upward, the light
source 300 exhibits excellent appearance during the
lighting.

<Embodiment 5>

[0089] Fig. 14 is a partially-cutaway perspective view
of a light source pertaining to Embodiment 5. Fig. 15 is
a cross-sectional view showing primary elements of a
light source pertaining to Embodiment 5. Fig. 16 is an
enlarged cross-sectional view showing the portion sur-
rounded by the two-dot chain lines in Fig. 15. As shown
in Fig. 14 and Fig. 15, a light source 400 pertaining to
Embodiment 5 is greatly different from the light source 1
pertaining to Embodiment 1 in that the light source 400
is provided with a secondary reflector that reflects a por-
tion of the light that has passed through the openings
486. The other components are basically the same as
the light source 1 pertaining to Embodiment 1. Therefore,
the following describes only the differences in detail, and
the explanations of the other components are simplified
or omitted. The same components as Embodiment 1 are
given the same reference numbers as Embodiment 1.
[0090] A light source 400 pertaining to Embodiment 5
is an LED lamp that serves as a substitute for an incan-
descent light bulb, and includes: a semiconductor
light-emitting module 10; a mount 20; a globe 30; a circuit
unit 40; a circuit holder 50; a casing 60; a base (not de-
picted); a reflector 480 for diffusing light emitted by the
semiconductor light-emitting module 10; and a second-
ary reflector 490.
[0091] As shown in Fig. 16, the reflector 480 includes
a main body 481 and an attachment 482. The secondary
reflector 490 is attached to the upper surface of the at-
tachment 482 with an engaging mechanism or adhesive.
The main body 481 of the reflector 480 has the same
structure as the main body 81 of the reflector 80 pertain-
ing to Embodiment 1, whereas the attachment 482 has
a slightly different structure than the attachment 82 of the
reflector 80 pertaining to Embodiment 1. Specifically, it
is the same as the attachment 82 pertaining to Embodi-
ment 1 that the lower surface of the attachment 482 is
provided with the protrusion 484 that is to be fit into the
cut 18 of the mounting board 11. The difference is that
the attachment 482 is provided with a hole 487 that is
substantially circular and is located substantially in the
middle of the attachment 482. Through the hole 487, the
space within the circuit holder 50 is in communication
with the space enclosed by a lid 58. Hence, part of the
circuit unit 40, which is originally required to be housed
within the circuit holder 50, can be housed within the hole
487 and the secondary reflector 490. Also, due to the
hole 487, the reflector 480 will not be a hindrance in hous-
ing the circuit unit 40. Note that in the present embodi-
ment, the connector 17 of the semiconductor light-emit-
ting module 10 is provided on the upper surface of the

tongue-shaped part 16 of the mounting board 11, instead
of on the lower surface.
[0092] The secondary reflector 490 includes: a main
body 491 that is in a substantially cylindrical shape; and
a lid 492 that is in a cap-like shape and covers the upper
opening of the main body 491. The inside diameter of
the main body 491 is constant, whereas the outside di-
ameter of the top part of the main body 491 gradually
increases from bottom to top. The outer surface of the
main body 491 entirely serves as a reflective surface.
The reflective surface includes: a first reflective surface
493 that is the outer surface of the part with the constant
outside diameter of the main body 491 and whose vertical
cross section is in a straight shape that is in parallel with
the lamp axis J; and a second reflective surface 494 that
is the outer surface of the part with the increasing outside
diameter of the main body 491 and whose vertical cross
section is in a substantially arc-like shape curving toward
the lamp axis J.
[0093] As represented as optical paths L3 in Fig. 16,
a portion of the light emitted by the semiconductor
light-emitting module 10 and having passed through the
opening 486 of the reflector 480 is reflected off the first
reflective surface 493 of the secondary reflector 490 ob-
liquely upward, and another portion is laterally reflected
off the second reflective surface 494 of the secondary
reflector 490 in the lateral direction. As described above,
the stated structure generates supplementary light trav-
elling along a midway course between the light passing
through the opening 486 of the reflector 480 and travelling
upward and the light reflected off the reflective surface
485 of the reflector 480 and travelling obliquely down-
ward. Hence, the unevenness in the radiant intensity dis-
tribution hardly occurs, and the light source 400 exhibits
particularly excellent luminous intensity distribution.
Moreover, since a portion of the light emitted by the sem-
iconductor light-emitting module 10 and having passed
through the opening 486 of the reflector 480 travels up-
ward instead of striking the first reflective surface 493
and the second reflective surface 494, the light source
100 exhibits excellent appearance during the lighting.

<Embodiment 6>

[0094] Figs. 17A and 17B are diagrams for explaining
a light source pertaining to Embodiment 6. Fig. 17A is a
cross-sectional view showing primary elements of the
light source, and Fig. 17B is a plan view showing a sem-
iconductor light-emitting module. As shown in Fig. 17A,
a light source 500 pertaining to Embodiment 6 is different
from the light source 100 pertaining to Embodiment 2 in
that semiconductor light-emitting elements 512 are ad-
ditionally provided in the area near the lamp axis J on
the mounting board 511 of the semiconductor light-emit-
ting module 510. The other components are basically the
same as the light source 100 pertaining to Embodiment
2. Therefore, the following describes only the differences
in detail, and the explanations of the other components
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are simplified or omitted. The same components as the
embodiments described above are given the same ref-
erence numbers as the embodiments.
[0095] The light source 500 pertaining to Embodiment
6 is an LED lamp that serves as a substitute for an in-
candescent light bulb, and includes: a semiconductor
light-emitting module 510 as a light source; a mount 20
on which the semiconductor light-emitting module 510 is
mounted; a globe 30 covering the semiconductor light-
emitting module 510; a circuit unit 40 for lighting the sem-
iconductor light-emitting module 510; a circuit holder 150;
a casing 60; a base (not depicted); and a reflector 580
for diffusing light emitted by the semiconductor light-emit-
ting module 510.
[0096] As shown in Fig. 17B, the semiconductor
light-emitting module 510 has a mounting board 511 that
is in a disc-like shape instead of in the annular shape,
and the semiconductor light-emitting elements 512 are
not only mounted annularly but also mounted inside the
ring. Specifically, four pairs of two semiconductor light-
emitting elements 512, for example, are arranged in a
central area (near the lamp axis J) of the mounting board
511, for example. The four pairs of semiconductor light-
emitting elements 512 are located inside the reflector
580. Each pair of the semiconductor light-emitting ele-
ments 512 is separately sealed with the sealant 513. Al-
so, a connector 517 is provided on the lower surface of
the mounting board 511.
[0097] The reflector 580 has a main body 581 that is
in a substantially cylindrical shape. Unlike the main body
181 of the reflector 180 pertaining to Embodiment 2, the
main body 581 does not have a part 181 a with an in-
creasing diameter and a part 181 b with a constant di-
ameter. Instead, the diameter of the main body 581 grad-
ually increases from bottom to top along its entire body.
The outer surface 585 of the main body 581 entirely
serves as a reflective surface, and the vertical cross sec-
tion thereof is in a substantially arc-like shape curving
toward the lamp axis J.
[0098] The main body 581 is provided with openings
586 elongated in the direction perpendicular to the cyl-
inder axis thereof. The openings 586 are arranged radi-
ally with respect to the cylinder axis. Specifically, in plan
view, each of the openings 586 is in a substantially rec-
tangular shape whose lengthwise direction is perpendic-
ular to the lamp axis J. Part of sealants 513, which seal
the annularly-arranged semiconductor light-emitting el-
ements 512 of the semiconductor light-emitting module
510, are located within the openings 586 (i.e. can be seen
from above the openings 586).
[0099] Since the light source 500 pertaining to Embod-
iment 6 has the stated structure, the light emitted by the
semiconductor light-emitting elements 512 arranged in-
side the reflector 580 travels upward with almost no in-
terference by the reflector 580. The amount of light trav-
elling upward can be thus increased, and the reflector
580 casts less shadow.

<Modifications>

[0100] Although the structure of the present invention
has been described above based on Embodiments 1
through 6, the present invention is not limited to these
embodiments. For example, Part of the structures of the
light sources pertaining to Embodiments 1 through 6 and
the structures pertaining to the following modifications
may be combined according to needs. Also, the materi-
als, numerical values or the likes suggested above are
merely preferable values, and the present invention is
not limited by them. The structure of the light source may
be modified according to needs within the scope of the
technical concept of the present invention.
[0101] For example, the semiconductor light-emitting
module pertaining to the present invention may be pro-
vided with only one semiconductor light-emitting ele-
ment, instead of with a plurality of semiconductor light-
emitting elements.
[0102] Also, as with the semiconductor light-emitting
module 610 shown in Fig. 18A, a plurality of semicon-
ductor light-emitting elements 612 may be disposed on
the element mounting part 615 of the mounting board
611 in a staggered arrangement along the circumference
of the element mounting part 615. Each of the semicon-
ductor light-emitting elements 612 is separately sealed
with the sealant 613, for example. With such a structure,
the part that emits light can be uniformly formed on the
element mounting part 615, and improves the luminous
intensity distribution.
[0103] Also, as with the semiconductor light-emitting
module 710 shown in Fig. 18B, a plurality of semicon-
ductor light-emitting elements 712 may be disposed on
the element mounting part 715 of the mounting board
711 along the circumference of the element mounting
part 715, and all the semiconductor light-emitting ele-
ments 712 may be sealed with a single sealant 713 that
is in a substantially annular shape. With such a structure,
the parts that emit light can be arranged at consecutive
locations along the circumference of the element mount-
ing part 715, and the unevenness in the luminance in the
circumferential direction hardly occurs. This structure is
compatible with the reflector 280 pertaining to Embodi-
ment 3 with which the openings 286 elongated in the
circumferential direction of the main body 281, and it is
completely unnecessary to correct positioning of the
openings 286 and the sealants 213 in the circumferential
direction. Hence, it is even easier to assemble the light
source 200.
[0104] Furthermore, as with the semiconductor
light-emitting modules 810 shown in Fig. 18C, a plurality
of separate semiconductor light-emitting modules 810
may be mounted on the mount 20. In this example, the
mounting board 811 is composed of: an element mount-
ing part 815 that is in a substantially arc-like shape; and
a tongue-shaped part 816 that protrudes from a portion
of the element mounting part 815. A plurality of semicon-
ductor light-emitting elements 812 are arranged on the
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element mounting part 815 in an arc-like pattern, and
these semiconductor light-emitting elements 812 are
sealed with a single sealant 813 that is in an arc-like
shape. Also, a connector 817 is disposed on the tongue-
shaped part 816. Even with such a structure, assembling
work will not be complicated if the semiconductor light-
emitting modules 810 can be mounted on the upper sur-
face 22 of the mount 20, i.e., can be mounted on a same
plane.
[0105] The following describes modifications relating
to the globe 30 pertaining to the present invention. In the
globe 30, the area that light reaches after being reflected
off the reflector 80 obliquely downward so as to avoid the
upper surface 22 of the mount 20 (i.e. the area 34 shown
in Fig. 2, which is hereinafter referred as "near-opening
area 34") may have been subject to light diffusion treat-
ment so that the area diffuses light more effectively.
[0106] Fig. 19 is a diagram for explaining light diffusion
treatment applied on a globe pertaining to a modification.
Fig. 19 simply shows a cross section of the near-opening
area 34 of the globe 30 in a plane including the lamp axis
J.
[0107] In the near-opening area 34 on the inner cir-
cumferential surface 32 of the globe 30, a plurality of first
concavities 35, each in a hemispherical shape with radius
R (e.g. R= 40mm), are formed evenly. Also, on the inner
surface of each first concavity 35, a plurality of second
concavities 36, each in a hemispherical shape with radius
r smaller than R (e.g. r= 5mm), are formed evenly. Note
that the radius R of the first concavities 35 is preferably
in the range of 20≤R≤40, and the radius r of the second
concavities 36 is preferably in the range of 2≤r≤8.
[0108] With the stated double-dimple structure, in
which each of evenly-formed concavities (dimples) have
even smaller concavities (dimples) therein, the globe 30
(the near-near opening area 34) diffuses the light travel-
ling obliquely downward so as to avoid the upper surface
22 of the mount 20 after being reflected off the outer
surface 85. This further widens the luminous intensity
distribution angle downward.
[0109] In particular, when the double-dimple structure
is formed only in the near-opening area 34, portions of
light other than the portion reflected obliquely downward,
such as portions of light travelling upward or in the lateral
direction, can be efficiently taken out of the globe 30 with-
out being lost at the globe 30.
[0110] Although the semiconductor light-emitting ele-
ments are assumed to emit the light upward, namely in
the direction of the lamp axis J, some or all of the semi-
conductor light-emitting elements may be tilted with re-
spect to the lamp axis J. Such a structure further improves
the light distribution controllability, and realizes desirable
light distribution.

[Industrial Applicability]

[0111] The present invention is broadly applicable to
common lighting systems.

[Reference Signs List]

[0112]

1, 100, 200, 300, 400, 500: Light source
12, 212, 512, 612, 712, 812: Semiconductor
tight-emitting elements
18: Inner surfaces
20: Mount
21: Through hole
22: Upper surface
30: Globe
35, 36: Concavity
40: Circuit unit
50, 150: Circuit holder
55: Outer surface
80, 180, 280, 380, 480, 580: Reflector
81, 181, 281, 381, 481, 581: Main body
181 a, 281 a, 381 a: Part with gradually increasing
diameter
85, 185, 285, 385, 485, 585: Reflective surface
86, 186, 286, 486, 586: Openings
386: cuts
490: Secondary reflector
493,494: Reflective surface

Claims

1. A light source for illumination, comprising:

a mount;
a plurality of semiconductor light-emitting ele-
ments arranged on an upper surface of the
mount so that each semiconductor light-emitting
element emits light primarily upward; and
a reflector located above the semiconductor
light-emitting elements and having a reflective
surface configured to reflect a portion of primary
light from the light-emitting elements obliquely
downward so that the portion of the primary light
is prevented from striking the upper surface of
the mount, wherein
the reflector is provided with an opening or a cut
for leaking another portion of the primary light
upward.

2. The light source of Claim 1, wherein
the semiconductor light-emitting elements are annu-
larly arranged on the upper surface of the mount,
the reflective surface of the reflector is annularly
shaped to face the semiconductor light-emitting el-
ements, and
the portion of the primary light reflected off the re-
flective surface passes through an annular area lat-
erally surrounding the mount.

3. The light source of Claim 2, wherein
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the reflector includes a main body that is tubular,
a tube axis of the main body is perpendicular to the
upper surface of the mount,
an outside diameter of at least a portion of the main
body gradually increases from bottom to top,
the portion of the main body covers the semiconduc-
tor light-emitting elements, and
at least an outer circumferential surface of the portion
of the main body is included in the reflective surface.

4. The light source of Claim 3, wherein
the outer circumferential surface of the portion of the
main body is a concave surface curving toward the
tube axis.

5. The light source of Claim 3 or 4, wherein
the opening or the cut is provided at least in the main
body.

6. The light source of Claim 5, wherein
the opening or the cut is provided in a plurality, and
the openings or the cuts are arranged at intervals
along a circumference of the main body around the
tube axis.

7. The light source of Claim 6, wherein
the openings or the cuts are each elongated in a
direction that is perpendicular to the tube axis of the
main body, and are arranged radially with respect to
the tube axis.

8. The light source of Claim 6, wherein
the openings or the cuts are each elongated along
the circumference of the main body so as to be in an
annular shape or an arc-like shape, and are arranged
around the tube axis.

9. The light source of any of Claims 1 through 8, further
comprising:

a secondary reflector configured to reflect, in a
lateral direction, a portion of the primary light
that has passed through the opening or the cut.

10. The light source of any of Claims 1 through 9, where-
in
the mount is provided with a through hole extending
upward, and at least a portion of a circuit unit is lo-
cated within the through hole, the circuit unit causing
the semiconductor light-emitting elements to emit
light.

11. The light source of Claim 10, wherein
the circuit unit is housed in a circuit holder, and a
gap is provided between an outer surface of the cir-
cuit holder and an inner surface of the through hole
in the mount.

12. The light source of any of Claims 1 through 11, further
comprising:

a globe covering the reflector, wherein
a portion of the globe that is reached by the por-
tion of the primary light is more light-diffusive
than the rest of the globe.

13. The light source of any of Claims 1 through 12,
wherein
some or all of the semiconductor light-emitting ele-
ments are tilted with respect to a lamp axis.

14. The light source of Claim 12, wherein
an inner circumferential surface of the portion of the
globe is provided with a plurality of concavities, and
an inner surface of each concavity is furthermore
provided with a plurality of concavities.

Amended claims under Art. 19.1 PCT

1. (Amended) A light source for illumination, com-
prising:

a mount;
a plurality of semiconductor light-emitting ele-
ments arranged on an upper surface of the
mount so that each semiconductor light-emitting
element emits light primarily upward; and
a reflector located above the semiconductor
light-emitting elements and having a reflective
surface configured to reflect a portion of primary
light from the semiconductor light-emitting ele-
ments obliquely downward so that the portion of
the primary light is prevented from striking the
upper surface of the mount, wherein
the semiconductor light-emitting elements are
annularly arranged on the upper surface of the
mount,
the reflective surface of the reflector is annularly
shaped to face the semiconductor light-emitting
elements,
the portion of the primary light reflected off the
reflective surface passes through an annular ar-
ea laterally surrounding the mount, and
the reflector is provided with an opening or a cut
for leaking another portion of the primary light
upward.

2. (Cancelled)

3. (Amended) The light source of Claim 1, wherein
the reflector includes a main body that is tubular,
a tube axis of the main body is perpendicular to the
upper surface of the mount,
an outside diameter of at least a portion of the main
body gradually increases from bottom to top,
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the portion of the main body covers the semiconduc-
tor light-emitting elements, and
at least an outer circumferential surface of the portion
of the main body is included in the reflective surface.

4. The light source of Claim 3, wherein
the outer circumferential surface of the portion of the
main body is a concave surface curving toward the
tube axis.

5. The light source of Claim 3 or 4, wherein
the opening or the cut is provided at least in the main
body.

6. The light source of Claim 5, wherein
the opening or the cut is provided in a plurality, and
the openings or the cuts are arranged at intervals
along a circumference of the main body around the
tube axis.

7. The light source of Claim 6, wherein
the openings or the cuts are each elongated in a
direction that is perpendicular to the tube axis of the
main body, and are arranged radially with respect to
the tube axis.

8. The light source of Claim 6, wherein
the openings or the cuts are each elongated along
the circumference of the main body so as to be in an
annular shape or an arc-like shape, and are arranged
around the tube axis.

9. (Amended) The light source of any of Claims and
3 through 8, further comprising:

a secondary reflector configured to reflect, in a
lateral direction, a portion of the primary light
that has passed through the opening or the cut.

10. (Amended) The light source of any of Claims and
3 through 9, wherein
the mount is provided with a through hole extending
upward, and at least a portion of a circuit unit is lo-
cated within the through hole, the circuit unit causing
the semiconductor light-emitting elements to emit
light.

11. The light source of Claim 10, wherein
the circuit unit is housed in a circuit holder, and a
gap is provided between an outer surface of the cir-
cuit holder and an inner surface of the through hole
in the mount.

12. (Amended) The light source of any of Claims and
3 through 11, further comprising:

a globe covering the reflector, wherein
a portion of the globe that is reached by the por-

tion of the primary light is more light-diffusive
than the rest of the globe.

13. (Cancelled)

14. The light source of Claim 12, wherein
an inner circumferential surface of the portion of the
globe is provided with a plurality of concavities, and
an inner surface of each concavity is furthermore
provided with a plurality of concavities.

27 28 



EP 2 587 562 A1

16



EP 2 587 562 A1

17



EP 2 587 562 A1

18



EP 2 587 562 A1

19



EP 2 587 562 A1

20



EP 2 587 562 A1

21



EP 2 587 562 A1

22



EP 2 587 562 A1

23



EP 2 587 562 A1

24



EP 2 587 562 A1

25



EP 2 587 562 A1

26



EP 2 587 562 A1

27



EP 2 587 562 A1

28



EP 2 587 562 A1

29



EP 2 587 562 A1

30



EP 2 587 562 A1

31



EP 2 587 562 A1

32



EP 2 587 562 A1

33



EP 2 587 562 A1

34



EP 2 587 562 A1

35



EP 2 587 562 A1

36



EP 2 587 562 A1

37



EP 2 587 562 A1

38

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2010086946 A [0004]


	bibliography
	description
	claims
	drawings
	search report

