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ILLUMINATING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a lighting apparatus
including a light-emitting device such as an LED (Light Emit-
ting Diode).

BACKGROUND ART

[0002] As a lighting apparatus such as spot lighting in a
commercial facility or a private residence, a reflector halogen
lamp has been widely prevalent.

[0003] Meanwhile, importance is placed on saving power
consumption and improving life in the field of spot lighting.
Accordingly, research and development are carried out on
technology for substituting a lighting apparatus including an
LED (hereinafter “LED lighting apparatus™) for a conven-
tional light bulb. Reflector halogen lamps are no exceptions,
and a number of reflector LED lighting apparatuses have been
proposed as substitutes for such reflector halogen lamps (see
Patent Literatures 1 and 2).

[0004] In general, an LED produces heat when lit, and the
higher the temperature of the LED is, the lower the light-
emitting efficiency of the LED is. Therefore, in the practical
application of an LED lighting apparatus, it is an important
issue to improve heat dissipation characteristics without vio-
lating the size limitation, which requires the LED lighting
apparatus to have a size attachable to existing equipment. To
address the above issue, technology is proposed that utilizes a
reflector LED lighting apparatus also as a heat dissipator by
employing a metal reflector (see Patent Literature 3, for
example). According to this technology, the heat dissipation
characteristics of the reflector LED lighting apparatus are
improved without violating the size limitation.

CITATION LIST
Patent Literature
[Patent Literature 1]

[0005] Japanese Patent Application Publication No. 2007-
317431

[Patent Literature 2]
[0006] Japanese Registered Utility Model No. 3153732

[Patent Literature 3]

[0007] Japanese Patent Application Publication No. 2006-
202612
SUMMARY OF INVENTION
Technical Problem
[0008] Inaconventional reflector halogen lamp, a reflector

is generally made by forming a reflective film (e.g., vapor-
deposited metal film or dielectric multilayer film) on an inner
circumferential surface of a bowl-shaped glass base. How-
ever, the reflective film is not usually formed on a neck portion
of'the glass base because the halogen lamp is fixed to the neck
portion with use of an adhesive agent. When such a reflector
halogen lamp is lit, light of the halogen lamp is emitted from
an opening of a reflector, and is also emitted as leaked light
from a neck portion that does not include a reflective film. In

Sep. 29, 2011

a commercial facility or the like, the leaked light is positively
utilized to enhance “perceived brightness” of the entire space.
[0009] However, each of the aforementioned conventional
reflector LED lighting apparatuses employs a metal reflector.
Therefore, light of an LED is only emitted from an opening of
the metal reflector, and leaked light is not produced. Accord-
ingly, in the case of positively utilizing leaked light, these
reflector LED lighting apparatuses are not suitable as substi-
tutes for conventional halogen lamps.

[0010] Also, a reflector halogen lamp is sometimes used as
spot lighting in a store or the like. In this case, facets are
formed on areflector of the halogen lamp so as to control light
distribution. Accordingly, when an LED lighting apparatus
substitutes for such a halogen lamp, it is necessary that facets
are also formed on a reflector of the LED lighting apparatus so
as to appropriately control light distribution.

[0011] However, if a reflector is made of metal, a special
processing technique is required to form facets on the reflec-
tor, resulting in the manufacturing cost being significantly
increased. Furthermore, spot lighting is required to have vari-
ous light distribution patterns. This means that a different
metal reflector needs to be prepared for each light distribution
pattern. As a result, an increase in the manufacturing cost
becomes even more problematic.

[0012] A first object of the present invention is to provide a
lighting apparatus that substitutes for a conventional halogen
lamp when positively utilizing leaked light.

[0013] A second object of the present invention is to pro-
vide a technique for controlling light distribution at low cost
while maintaining high heat dissipation characteristics.

Solution to Problem

[0014] A first aspect of the present invention is a lighting
apparatus comprising: a heat dissipator that is in one of a
bottomed cylindrical shape and a bowl shape, and that has a
bottom portion, a circumferential wall portion, and an open-
ing; and a light-emitting device that is provided inside the
heat dissipator at the bottom portion and is operable to emit
light, wherein the heat dissipator has one or more windows for
leaking the emitted light outside the heat dissipator.

[0015] A second aspect of the present invention is a lighting
apparatus comprising: a heat dissipator that is in one of a
bottomed cylindrical shape and a bowl shape, and that has a
bottom portion, a circumferential wall portion, and an open-
ing; a light-emitting device that is provided inside the heat
dissipator at the bottom portion and is operable to emit light;
and a reflector that is bowl-shaped and provided in the heat
dissipator, and is operable to reflect the emitted light toward
the opening, wherein the reflector is made of a base and a
reflective film that covers the base, and the base is made of one
of resin and glass, and has facets.

Advantageous Effects of Invention

[0016] According to the first aspect of the present inven-
tion, the light of the light-emitting device is emitted from the
opening of the heat dissipator that is in one of a bottomed
cylindrical shape and a bowl shape, and also leaked outside
the heat dissipator through the one or more windows provided
in the circumferential wall portion of the heat dissipator.
Therefore, the lighting apparatus according to the first aspect
of the present invention is suitable as a substitute for a con-
ventional halogen lamp when positively utilizing leaked

light.



US 2011/0233593 Al

[0017] Also, according to the second aspect of the present
invention, the reflector is made of one of resin and glass. This
makes it easy to form the facets on the base. Furthermore,
since the heat dissipator 12 and the reflector 30 are separate
members, a structure is possible where the heat dissipator 12
is commonly used while the reflector 30 is different depend-
ing on a light distribution pattern. This makes it possible to
control light distribution at lower cost than a conventional
structure, while maintaining high heat dissipation character-
istics.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG.1is apartial cutaway view showing a structure
of a lighting apparatus according to Embodiment 1 of the
present invention.

[0019] FIG. 2 shows a modification pertaining to the shape
of windows provided in a heat dissipator.

[0020] FIG. 3 shows a modification pertaining to the shape
of the windows provided in the heat dissipator.

[0021] FIG. 4 shows a modification pertaining to the posi-
tional relationship between a bottom portion and circumfer-
ential wall portion of the heat dissipator.

[0022] FIGS.5A and 5B are a side view and a bottom view,
respectively, showing a modification pertaining to the
arrangement of the windows provided for the heat dissipator.
[0023] FIGS. 6A, 6B, and 6C each show a modification
pertaining to the shape of the dissipator.

[0024] FIG.7 shows a modification pertaining to a structure
where the windows provided for the heat dissipator are closed
off.

[0025] FIGS. 8A and 8B are a side view and a sectional
view, respectively, showing a modification pertaining to the
structure where the windows provided for the heat dissipator
are closed off.

[0026] FIGS. 9A and 9B are a side view and a sectional
view, respectively, showing a modification pertaining to the
structure where the windows provided for the heat dissipator
are closed off.

[0027] FIGS. 10A and 10B are a side view and a sectional
view, respectively, showing a modification pertaining to a
structure for guiding light toward the windows provided for
the heat dissipator.

[0028] FIGS.11A,11B,and 11C are atop view, a side view,
and a bottom view, respectively, showing a structure of a lens
and a light guiding member according to the modification
shown in FIGS. 10A and 10B.

[0029] FIGS. 12A and 12B are a side view and a sectional
view, respectively, showing an example of the light guiding
member also serving as a front cover.

[0030] FIGS. 13A and 13B are a side view and a sectional
view, respectively, showing a modification pertaining to a
structure of the windows provided in the heat dissipator.
[0031] FIGS. 14A and 14B are a side view and a sectional
view, respectively, showing a modification pertaining to a
structure of the windows provided in the heat dissipator.
[0032] FIGS.15A and 15B each show how the opening area
of each window is changed, in the modification shown in
FIGS. 14A and 14B.

[0033] FIG. 16 shows a modification pertaining to the
shape of the windows provided in the heat dissipator.

[0034] FIG. 17 shows a modification pertaining to the
shape of the windows provided in the heat dissipator.

[0035] FIGS. 18A and 18B each show a modification per-
taining to a structure of the opening of the heat dissipator.
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[0036] FIG. 19 is a sectional view showing a structure of a
lighting apparatus according to Embodiment 2 of the present
invention.

[0037] FIG. 20 is a side view showing a structure of a
lighting apparatus according to Embodiment 3 of the present
invention.

[0038] FIG. 21 is a sectional view showing the structure of
the lighting apparatus according to Embodiment 3 of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0039] The following describes embodiments of the
present invention, with reference to the drawings.

Embodiment 1

[0040] FIG.1is a partial cutaway view showing a structure
of a lighting apparatus according to Embodiment 1 of the
present invention.

[0041] A lighting apparatus 1 includes, as main compo-
nents thereof, a case 11, a heat dissipator 12, and a light-
emitting module 18. First, a schematic structure of each of
these components is described. Then, a detailed structure of
the heat dissipator 12 is described.

<Schematic Structure>

[0042] Thecase 11 is made of an insulating material such as
ceramics, and is composed of a cylindrical portion 11a and a
protrusion 115. The protrusion 115 extends from an end of the
cylindrical portion 11a. The cylindrical portion 11a houses
therein a lighting circuit 17. A shell 15, which is made of
metal, is provided on an outer circumferential surface of the
protrusion 115. An end of the protrusion 115 is provided with
an eyelet 16, which is also made of metal. Both of the shell 15
and the eyelet 16 are connected to the lighting circuit 17 via
wiring lines, and serve as feed terminals that receive power
supplied from an external power source.

[0043] The heat dissipator 12 is made of a heat dissipating
material, and is bowl-shaped with a bottom portion 12¢ and a
circumferential wall portion 1256. The circumferential wall
portion 125 extends from the rim of the bottom portion 12a.
The heat dissipating material may be, for example, a metal
material such as aluminum, a non-translucent ceramic mate-
rial, a non-translucent resin material, or a combination of
these materials (e.g., multilayer structure). In general, a resin
material has lower heat conductivity than a metal material or
a ceramic material. However, it is possible to use a resin
material as a heat dissipating material, as long as the heat
value of the light-emitting module 18 is relatively low. In the
case of using a resin material, it is more preferable to employ
a highly heat-conductive resin. The light-emitting module 18
is fixed to an inner surface of the bottom portion 124 of the
heat dissipator 12, with use of an adhesive agent having heat
conductivity. The case 11 is fixed to an outer surface of the
bottom portion 12a, with use of the adhesive agent. An open-
ing of the heat dissipator 12 is covered by a front cover 13,
with use of a metal fitting 14. The front cover 13 is made of a
translucent material. The translucent material may be, for
example, resin, glass, or ceramics. The circumferential wall
portion 1256 of the heat dissipator 12 has windows 19 through
which light emitted from the light-emitting module 18 leaks.
An inner circumferential surface of the heat dissipator 12
reflects light except the parts where the windows 19 are pro-
vided, so that the heat dissipator 12 also serves as a reflector.
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The size of the heat dissipator 12 is substantially equal to or
smaller than the size of an existing reflector halogen lamp. For
example, suppose that the lighting apparatus 1 substitutes for
areflector halogen lamp, and the reflector of the halogen lamp
has an opening diameter in a range of approximately 50 mm
to 70 mm. In this case, the opening diameter of the heat
dissipator 12 may be in the range of approximately 50 mm to
70 mm or smaller.

[0044] The light-emitting module 18 is composed of a
metal substrate 18a, an LED device 185, a silicone resin
member 18¢, and a lens 184. The metal substrate 18a is
formed in the following manner. First, an insulating film, such
as a resin film, is formed on an upper surface of a metal base,
such as copper. Next, a wiring pattern is formed on the insu-
lating film. The wiring pattern is connected to the lighting
circuit 17 by a wiring line. The LED device 185 is a so-called
blue light-emitting diode, and is mounted on the wiring pat-
tern formed on the metal substrate 18a. The silicone resin
member 18¢ is formed to enclose the LED device 185, and is
made by dispersing yellow phosphor in a silicone resin. The
LED device 185 is combined with the silicone resin member
18¢ so as to obtain white light. The lens 184 is formed to
enclose the silicone resin member 18¢, and is made of a
translucent material such as resin. The light-emitting module
18 is arranged such that the optical axis of the light-emitting
module 18 coincides with the central axis of the heat dissipa-
tor 12 that is bowl-shaped.

[0045] The lighting apparatus 1 is used by being mounted
in a socket provided in a commercial facility or the like. The
light emitted from the light-emitting module 18 is provided as
spot lighting after passing through the front cover 13 from the
opening of the heat dissipator 12, and also as leaked light after
passing through the windows 19 provided in the circumfer-
ential wall portion 126 of the heat dissipator 12. This
enhances the “perceived brightness™ of the entire space of a
commercial facility or the like, with use of leaked light.
[0046] Also,heat generated by lighting the LED device 185
is conducted to the heat dissipator 12 via the heat-conductive
adhesive agent and the metal substrate 18a that is a heat-
conductive member, thereby dissipating heat effectively.

<Detailed Structure of Heat Dissipator>

[0047] Asshown in FIG. 1, the circumferential wall portion
125 of the heat dissipator 12 has the plurality of windows 19.
Some of the windows 19 are arranged in a circumferential
area 12¢ at equal intervals, and the rest of the windows 19 are
arranged in a circumferential area 12d at equal intervals. The
circumferential area 124 is located closer to an opening edge
of' the heat dissipator 12 than the circumferential area 12¢. In
each ofthe circumferential areas 12¢ and 124, the windows 19
are arranged at equal intervals in a circumferential direction.
This enables the light distribution of the leaked light to be
symmetrical in the circumferential direction.

[0048] The windows 19 in the circumferential area 12d
have a size larger than those in the circumferential area 12¢.
This makes it possible to leak more light at an angle close to
a direction in which spot lighting is emitted, thereby increas-
ing the illuminance in the vicinity of a main irradiation area.
[0049] The windows 19 are formed such that through-holes
provided in the circumferential wall portion 1256 of the heat
dissipator 12 are closed off by translucent members. The
translucent members may be made of, for example, resin,
glass, or ceramics. Closing off the through-holes by the trans-
lucent members prevents foreign substances, such as mois-
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ture and dust, from entering the heat dissipator 12. The trans-
lucent members may be colorless or colored. If colored, the
translucent members function as color filters. Some conven-
tional halogen lamps have reflectors using dichroic filters.
When such halogen lamps are lit, the coloration of leaked
light may be specific (e.g., red). Therefore, the translucent
members may be colored in a manner that reproduces the
specific color, so that the lighting apparatus 1 is more suitable
as a substitute for each halogen lamp.

[0050] Each of the through-holes of the windows 19 is
arranged such that the light-emitting module 18 is located on
an extended line of a central axis 19¢ of the through-hole. In
this way, light emitted from the light-emitting module 18 is
leaked from the windows 19, thus improving the “perceived
radiance” of the lighting apparatus 1.

[0051] Note that in a conventional halogen lamp, the light
distribution is controlled by a reflector, whereas in the light-
ing apparatus 1, the light distribution is mainly controlled by
the lens 18d. As a result, in the lighting apparatus 1, direct
light from the light-emitting module 18 greatly contributes to
spot lighting, but reflected light on the inner circumferential
surface of the heat dissipator 12 does not contribute much to
the spot lighting. This means that the windows 19 provided in
the circumferential wall portion 125 of the heat dissipator 12
do not affect the brightness of the spot lighting.

<Modifications>

[0052] The following modifications are acceptable in
Embodiment 1 described above.

[0053] (1) According to Embodiment 1, the shape, number,
and position of the windows 19, and the relative size of the
windows 19 with respect to the heat dissipator 12 are specifi-
cally illustrated. However, the present invention is not limited
to such. For example, the windows 19 may be rhombus-
shaped and arranged like facets, as shown in FIG. 2. Alterna-
tively, the windows 19 may be slit-shaped and arranged at
equal intervals in a circumferential direction, as shown in
FIG. 3. Inthe case where the windows 19 are slit-shaped, each
slit does not always need to be a longitudinal slit as shown in
FIG. 3, but may be a lateral slit.

[0054] (2) According to Embodiment 1, the bottom portion
124 of the heat dissipator 12 is positioned at an edge of the
circumferential wall portion 125. However, the present inven-
tion is not limited to such. For example, the bottom portion
12a may be positioned at a middle part of the circumferential
wall portion 125, as shown in FIG. 4. This makes it possible
to provide a larger space for housing the lighting circuit 17. In
this case, the windows 19 are provided in an area of the
circumferential wall portion 125, which is located between a
virtual plane including the opening of the heat dissipator 12
and a virtual plane that is perpendicular to the central axis of
the heat dissipator 12 and passes through the light-emitting
module 18.

[0055] (3)According to Embodiment 1, the windows 19 are
provided along the entire circumference of the circumferen-
tial wall portion 126. However, the present invention is not
limited to such. For example, the windows 19 may be pro-
vided in a part of the circumferential wall portion 125 in the
circumferential direction, as shown in FIGS. 5A and 5B. This
enables the light distribution of the leaked light to be asym-
metrical in the circumferential direction. Providing the win-
dows 19 in such a manner is particularly useful when feed
pins 20 are employed as feed terminals, as shown in FIGS. 5A
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and 5B. This is because the direction of the lighting apparatus
1 is fixed when attached to equipment.

[0056] (4) According to Embodiment 1, the heat dissipator
12 is bowl-shaped, where the outer circumference of the
circumferential wall portion 126 becomes larger from the
bottom portion toward the opening edge, and the outer cir-
cumference converges to a constant value as it nears the
opening edge. However, the present invention is not limited to
such as long as the heat dissipator 12 can house the light-
emitting module 18. For example, the heat dissipator 12 may
be cylinder-shaped where the outer circumference of the cir-
cumferential wall portion is approximately constant from the
bottom portion to the opening edge, as shown in FIG. 6A.
Also, the heat dissipator 12 may be bowl-shaped where the
circumferential wall portion 125 extends outwardly at a con-
stant rate, as shown in FIG. 6B. Furthermore, the heat dissi-
pator 12 may be bowl-shaped where the circumferential wall
portion 125 extends outwardly and the outer circumference
thereof increases as it nears the opening edge, as shown in
FIG. 6C. Also, the shape of the heat dissipator 12 may be a
shape obtained by combining these shapes.

[0057] (5) Although the plurality of windows 19 are pro-
vided in Embodiment 1, the effect of the present invention is
obtained as long as atleast one of the windows 19 is provided.
[0058] (6) According to Embodiment 1, the windows 19 are
formed by closing off the through-holes by the translucent
members. However, the present invention is not limited to
such as long as the windows 19 transmit light. For example,
the windows 19 may be through-holes which are not closed
off by the translucent members.

[0059] (7) According to Embodiment 1, the windows 19
have a structure where the translucent members are fit in the
through-holes. However, the present invention is not limited
to such in view of preventing the entrance of foreign sub-
stances. For example, it is possible to provide a circumferen-
tial cover, which is made of a translucent material, on one of
inner and outer surfaces of the heat dissipator, or on both
surfaces thereof, instead of fitting the translucent members in
the through-holes. FIG. 7 shows an example where a circum-
ferential cover 21 is provided on the inner surface of the heat
dissipator 12. The circumferential cover 21 may be, for
example, a molded product made of a translucent material or
a sheet that is made of a translucent material and adhered to
the inner surface of the heat dissipator 12. The translucent
material may be, for example, resin, glass, or ceramics. Also,
the circumferential cover 21 does not need to cover the entire
inner surface of the heat dissipator 12, and may cover at least
the openings of the windows 19. FIGS. 8 A and 8B each show
an example where a molded product 22 is provided for the
heat dissipator 12. The molded product 22 is formed by inte-
grating a front cover 23, a lens 24, and a circumferential cover
25. The molded product 22 and the heat dissipator 12 are fixed
with use of an adhesive agent 26. Integration in the aforemen-
tioned manner simplifies the manufacturing process. In this
example, the light-emitting module 18 does not include the
lens. FIGS. 9A and 9B each show an example where projec-
tions 25a, each in the shape of a four-sided pyramid, are
provided at positions of the circumferential cover 25 that
correspond to the windows 19. In this way, light that passes
through the windows 19 is scattered by the projections 25a,
thereby further improving the “perceived radiance” of the
lighting apparatus 1. The shape of the projections 254 is not
limited to a four-sided pyramid. For example, the projections
25a may be in the shape of another polygonal pyramid (e.g.,
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a three-sided pyramid, a five-sided pyramid, or a six-sided
pyramid) or in the shape of a cone. In this example, the
molded product 22 is formed by integrating the front cover 23
and the circumferential cover 25, but the lens 24 is provided
separately from the molded product 22.

[0060] (8) According to Embodiment 1, the direction of the
central axis of each window 19 is set such that the light-
emitting module 18 is located on the extended line of the
central axis. However, the present invention is not limited to
such as long as the windows 19 leak light. For example, the
central axis of each window 19 may be perpendicular to a
surface of the circumferential wall portion 1256 or to the
central axis of the heat dissipator 12 that is bowl-shaped (an
optical axis of the light-emitting module 18).

[0061] (9) According to Embodiment 1, the light-emitting
device is an LED device. However, the present invention is
not limited to such. For example, the light-emitting device
may be an organic EL device.

[0062] (10) According to Embodiment 1, the heat dissipa-
tor 12 also serves as a reflector. However, the present inven-
tion is not limited to such. For example, a black coating
material may be applied to the inner circumferential surface
of the heat dissipator 12, so that the inner circumferential
surface is not reflective.

[0063] (11) According to Embodiment 1, the windows 19
are provided in the circumferential wall portion 125 of the
heat dissipator 12. However, it is not limited to such. The
windows 19 may be provided at the bottom portion 12a of the
heat dissipator 12. In the case of providing the windows 19 at
the bottom portion 12a, the windows 19 need to be provided
in an area not covered by the case 11 so as to leak light outside.
[0064] (12) According to Embodiment 1, only the light
naturally reached the windows 19 is leaked from the windows
19. However, the present invention is not limited to such. For
example, light may be positively guided toward the windows
19. FIGS. 10A and 10B each show an example where light
guiding members 27, which guide light emitted from the
light-emitting module 18 toward the windows 19, are pro-
vided in the heat dissipator 12. The light guiding members 27
are made of a translucent material. The light guiding mem-
bers 27 are provided at positions that are on the circumferen-
tial surface of the lens 24, and that correspond to the windows
19. FIGS. 11A, 11B, and 11C each show an example of the
structure of the lens 24 and the light guiding members 27
shown in FIGS. 10A and 10B. Since the windows 19 in the
circumferential wall portion 125 of the heat dissipator 12 are
provided at equal intervals in the circumferential direction,
the light guiding members 27 on the circumferential surface
of the lens 24 are also provided at equal intervals in the
circumferential direction. According to the stated structure,
light is positively guided toward the windows 19, thus
increasing the amount of light leaked from the windows 19.
Also, as shown in FIGS. 12A and 12B, a light guiding mem-
ber 28 may also serve as a front cover. In this example, the
light guiding member 28 is disc-shaped with an opening at the
center, so as to expose a light-emitting surface of the lens 24
from the opening. The light guiding member 28 is made of,
for example, translucent ceramics or the like. Also, as shown
in FIGS. 13A and 13B, the windows 19 may be formed by
exposing the circumferential surface of the light guiding
member 28 from the circumferential wall portion 126 of the
heat dissipator 12.

[0065] (13) According to Embodiment 1, the opening area
of'each window 19 is fixed. However, the present invention is
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not limited to such. For example, the opening area of each
window 19 may be changeable. FIGS. 14A and 14B each
show an example where a shutter 29 is provided so as to
change the opening area of each window 19. As shown in
FIGS. 14A and 14B, the windows 19 that are slit-shaped are
provided in the circumferential wall portion 1256 of the heat
dissipator 12 at equal intervals in the circumferential direc-
tion. The shutter 29 is made of a metal material, such as
aluminum, or a non-translucent ceramic material. The shutter
29 is in the shape of a cylinder that fits on an outer surface of
the circumferential wall portion 125 of the heat dissipator 12.
Also, the shutter 29 has slit-shaped through-holes at positions
corresponding to the windows 19. The circumferential wall
portion 1256 of the heat dissipator 12 is fixed to the case 11, but
not to the front cover 23. On the other hand, the shutter 29 is
not fixed to the case 11, but to the front cover 23. This realizes
a structure where the shutter 29 is rotatable in the circumfer-
ential direction of the circumferential wall portion 126. By
rotating the shutter 29, the positional relationship between the
windows 19 of the circumferential wall portion 125 and the
through-holes of the shutter 29 is changed. This enables
changing the opening area of each window 19. FIGS. 15A and
15B each show how the opening area of each window 19 is
changed. By changing the opening area of each window 19,
the amount of light leaked from the circumferential wall
portion 125 of the heat dissipator 12 is adjusted.

[0066] In the above example, the shutter 29 is in contact
with the outer surface of the circumferential wall portion 126
of the heat dissipator 12. However, it is not limited to such.
For example, the shutter 29 may be in contact with the inner
surface of the circumferential wall portion 126. Also, ina case
where the heat dissipator 12 is cylinder-shaped as shown in
FIG. 6A, the opening area of each window 19 may be changed
by sliding the shutter 29 in a direction of a cylindrical axis of
the heat dissipator 12. Also, the windows 19 do not always
need to be slit-shaped, and may take any shape.

[0067] (14) According to Embodiment 1, the windows 19
are formed by providing through-holes in the circumferential
wall portion 126 of the heat dissipator 12. However, the
present invention is not limited to such. For example, the
circumferential wall portion of the heat dissipator 12 may be
formed by a metal mesh, as shown in FIG. 16. Alternatively,
the circumferential wall portion of the heat dissipator 12 may
be formed by a punching metal, as shown in FIG. 17. Accord-
ing to this structure, light is leaked from the entire circumfer-
ential wall portion of the lighting apparatus 1. Leaking the
light in such a manner is similar to how the light of a conven-
tional reflector halogen lamp is leaked. Also, it is possible to
reduce the weight of the entirety of the lighting apparatus,
compared to Embodiment 1. Furthermore, since the heat dis-
sipator 12 has a number of small through-holes, the flow
speed of air that passes from the inside to the outside of the
heat dissipator 12 by convection is increased, thus improving
heat dissipation effect. In the case of the metal mesh, the
diameter of wire is preferably in the range of 0.1 mm to 0.5
mm. In the case of the punching metal, the diameter of each
punching hole is preferably in the range 0of 0.1 mm to 2.0 mm.
Also, in the case of the punching metal, the area of the
through-holes with respect to the surface area of the heat
dissipator 12 is preferably less than or equal to 50%.

[0068] (15)Accordingto Embodiment 1, the light-emitting
module 18 includes the metal substrate. However, the present
invention is not limited to such as long as the heat conductiv-
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ity is relatively high. For example, the light-emitting module
18 may include a ceramics substrate instead of the metal
substrate.

[0069] (16) According to Embodiment 1, light is emitted
from the entire area of the opening of the heat dissipator 12.
However, the present invention is not limited to such, and
light may be emitted from a part of the area of the opening of
the heat dissipator 12. FIGS. 18A and 18B each show a
modification pertaining to a structure of the opening of the
heat dissipator. The front cover 13 is made of a non-translu-
cent material, and is disc-shaped with an opening at the cen-
ter, so as to expose a light-emitting surface of the lens 24 from
the opening. The non-translucent material may be, for
example, a metal material, a non-translucent ceramic material
or a non-translucent resin material. In the case of employing
a highly heat conductive material, such as a metal material,
the heat dissipation characteristics of the lighting apparatus
are improved.

[0070] Also, in this example, protrusions 24a are provided
ona circumferential surface of the lens 24 in a manner that the
protrusions 24a make contact with the front cover 13. This
makes it possible to firmly fix the lens 24.

Embodiment 2

[0071] FIG. 19 is a sectional view showing a structure of a
lighting apparatus according to Embodiment 2 of the present
invention.

[0072] A lighting apparatus 2 mainly includes the case 11,
the heat dissipator 12, the light-emitting module 18, and a
reflector 30. Embodiment 2 is different from Embodiment 1
in that: windows are not formed in the heat dissipator 12; the
light-emitting module 18 does not include any lens; and the
lighting apparatus 2 includes the reflector 30. Aside from
these differences, Embodiment 2 has the same structure as
Embodiment 1; therefore, descriptions thereof are omitted.

[0073] The reflector 30 is fixed inside the heat dissipator 12
with use of an adhesive agent, a screw, or the like. Since an
outer circumferential surface of the reflector 30 is in contact
with the inner circumferential surface of the heat dissipator
12, the mechanical strength is ensured to a certain degree even
when the reflector 30 is made thinner. An opening is provided
at a bottom portion of the reflector 30 so as to expose the
light-emitting module 18. The light-emitting module 18 is
disposed in the opening.

[0074] The reflector 30 is composed of a base 30a and a
reflective film 3056. The base 30a is bowl-shaped, and has
facets 30c formed thereon. The base 304 is made of a material
on which the facets 30c¢ can be easily formed. Examples of
such a material include resin and glass. The reflective film 305
is made of a metal film or a dielectric multilayer film. The
reflective film 305 may be made of not only a dielectric
multilayer film but also a metal film, because light emitted
from an LED device has a smaller infrared component than
light emitted from a halogen lamp.

[0075] According to the stated structure, heat generated by
the light-emitting module 18 is conducted to the heat dissi-
pator 12 and thereby dissipated. This ensures high heat dis-
sipation characteristics. Also, since the base 30a of the reflec-
tor 30 is made of either resin or glass, the facets 30¢ can be
easily formed on the base 30a. Furthermore, since the heat
dissipator 12 and the reflector 30 are separate members, a
structure is possible where the heat dissipator 12 is commonly



US 2011/0233593 Al

used while the reflector 30 is different depending on a light
distribution pattern. This greatly reduces the manufacturing
cost of the lighting apparatus.

Embodiment 3

[0076] FIG. 20 is a side view showing a structure of a
lighting apparatus according to Embodiment 3 of the present
invention. FIG. 21 is a sectional view showing the structure of
the lighting apparatus according to Embodiment 3 of the
present invention. A lighting apparatus 3 according to
Embodiment 3 is the same as the lighting apparatus 2 of
Embodiment 2 in terms of the basic structure. The following
describes differences between Embodiments 2 and 3.

[0077] InEmbodiment 3, the bottom portion 12a ofthe heat
dissipator 12 is raised, and the circumferential wall portion
1254 has the windows 19. The length of the cylindrical portion
11aofthe case 11, in an axis direction thereof; is shortened by
the amount of the bottom portion 12a being raised.

[0078] A reflector 31 is fixed at the bottom portion 12a of
the heat dissipator 12. The reflector 31 is fixed by, for
example, screwing the reflector 31 into a groove provided in
the bottom portion 12a or adhering the reflector 31 to the
bottom portion 12a using an adhesive agent. The length ofthe
reflector 31 in an axis direction thereof is shortened by the
amount of the bottom portion 12a of the heat dissipator 12
being raised. Also, since the reflector 31 is set up from the
periphery of the light-emitting module 18, an outer circum-
ferential surface of the reflector 31 is spaced apart from the
inner circumferential surface of the heat dissipator 12. The
base 31a of the reflector 31 is made of a material that is
translucent and on which facets can be easily formed.
Examples of such a material include translucent resin and
glass. A reflective film 315 of the reflector 31 is made of a
dielectric multilayer film that transmits part of light emitted
from the light-emitting module 18 (e.g., part of visible light).
[0079] The front cover 13 is provided with a sub-reflector
32 for reflecting direct light from the light-emitting module
18 toward the reflector 31. The “direct light” refers to light
emitted forward (i.e., toward the opening of the heat dissipa-
tor 12) without being reflected by the reflector 31.

[0080] According to the stated structure, the bottom portion
12a of the heat dissipator 12 is raised, thereby reducing the
size of the entirety of the lighting apparatus. Furthermore, by
providing the sub-reflector 32, the length of the reflector 31 in
the axis direction thereof is shortened. As a result, the size of
the entirety of the lighting apparatus is further reduced.
[0081] Also, the reflective film 315 is made of the dielectric
multilayer film that transmits part of emitted light, and the
circumferential wall portion 125 of the heat dissipator 12 has
the windows 19. In this way, light from the light-emitting
module 18 is emitted outwardly from the opening of the heat
dissipator 12, and also leaked from the circumferential wall
portion 125 of the heat dissipator 12. This improves the “per-
ceived radiance” of the lighting apparatus 3.

[0082] Also, since the reflector 31 is spaced apart from the
inner circumferential surface of the heat dissipator 12, the
shape of the reflector 31 does not need to match the shape of
the heat dissipator 12, and can be designed arbitrarily accord-
ing to the light distribution pattern.

[0083] Note that the modifications (1) to (16) of Embodi-
ment 1 are equally applicable to the heat dissipator 12, the
light-emitting module 18, and the windows 19 according to
Embodiments 2 and 3.
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INDUSTRIAL APPLICABILITY

[0084] The present invention is applicable to, for example,
a lighting apparatus that substitutes for a reflector halogen
lamp.

REFERENCE SIGNS LIST

[0085] 1,2, and 3 lighting apparatus
[0086] 11 case

[0087] 11a cylindrical portion

[0088] 115 protrusion

[0089] 12 heat dissipator

[0090] 124 bottom portion

[0091] 125 circumferential wall portion
[0092] 12c¢ circumferential area

[0093] 12d circumferential area

[0094] 12e inner circumferential wall portion
[0095] 12fouter circumferential wall portion
[0096] 13 front cover

[0097] 14 metal fitting

[0098] 15 shell

[0099] 16 eyelet

[0100] 17 lighting circuit

[0101] 18 light-emitting module

[0102] 18a metal substrate

[0103] 185 LED device

[0104] 18c¢ silicone resin member
[0105] 184 lens

[0106] 19 window

[0107] 19c¢ central axis

[0108] 20 feed pin

[0109] 21 circumferential cover

[0110] 22 molded product

[0111] 23 front cover

[0112] 24 lens

[0113] 24a protrusion

[0114] 25 circumferential cover

[0115] 254 projection

[0116] 26 adhesive agent

[0117] 27 and 28 light guiding member
[0118] 29 shutter

[0119] 30 and 31 reflector

[0120] 30q and 31a base

[0121] 304 and 315 reflective film
[0122] 30c¢ and 31c¢ facet

[0123] 32 sub-reflector

1. A lighting apparatus comprising:

a heat dissipator that is in one of a bottomed cylindrical
shape and a bowl shape, and that has a bottom portion, a
circumferential wall portion, and an opening; and

a light-emitting device that is provided inside the heat
dissipator at the bottom portion and is operable to emit
light, wherein

the circumferential wall portion has one or more windows
for leaking the emitted light outside the heat dissipator.

2. The lighting apparatus of claim 1, wherein

the windows are provided at equal intervals in a circum-
ferential direction of the circumferential wall portion.

3. The lighting apparatus of claim 1, wherein

a size of each window is such that the closer the window is
to an opening edge of the heat dissipator, the larger the
size of the window is.
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4. The lighting apparatus of claim 1, wherein

each window is provided in a part of the circumferential
wall portion located between first and second virtual
planes, the first virtual plane including the opening of the
heat dissipator, the second virtual plane passing through
the light-emitting device and being perpendicular to a
central axis of the heat dissipator that is in one of the
bottomed cylindrical shape and the bowl shape.

5. The lighting apparatus of claim 1, wherein

each window is a through-hole closed off by a translucent
member.

6. The lighting apparatus of claim 5, wherein

the translucent member is colorless.

7. The lighting apparatus of claim 5, wherein

the translucent member is a color filter.

8. The lighting apparatus of claim 1 further comprising

a cover that is made of a translucent material and provided
on one of an inner surface, an outer surface, and both the
inner and outer surfaces of the circumferential wall por-
tion, wherein

each window is a through-hole and is closed off by the
cover.

9. The lighting apparatus of claim 8, wherein

the cover has one or more projections that are one of
pyramid-shaped and cone-shaped and are located in cor-
respondence with the one or more windows.

10. The lighting apparatus of claim 1 further comprising

a light guiding member operable to guide the emitted light
toward the one or more windows.

11. The lighting apparatus of claim 1 further comprising

a shutter that is provided on the circumferential wall por-
tion and is operable to change an opening area of each
window.

12. The lighting apparatus of claim 11, wherein

the shutter is cylinder-shaped so as to fit one of an inner
surface and an outer surface of the circumferential wall
portion, has one or more through-holes located in cor-
respondence with the one or more windows, and is mov-
able with respect to the heat dissipator so as to change a
positional relationship between the one or more win-
dows and the one or more through-holes.

13. The lighting apparatus of claim 12, wherein

the shutter is movable by being rotated in a circumferential
direction of the circumferential wall portion.

14. The lighting apparatus of claim 1, wherein

the heat dissipator also serves as a reflector.

15. The lighting apparatus of claim 1, wherein

the heat dissipator is made of one of a metal material, a
non-translucent ceramic material, and a non-translucent
resin material.

16. The lighting apparatus of claim 15 further comprising

a heat-conductive member that is provided between the
light-emitting device and the bottom portion of the heat
dissipator.

17. The lighting apparatus of claim 15, wherein

the circumferential wall portion of the heat dissipator is
made of one of a metal mesh and a punching metal.

18. The lighting apparatus of claim 1 further comprising:

a case fixed to an outer surface of the bottom portion of the
heat dissipator; and

a lighting circuit housed in the case.
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19. A lighting apparatus comprising:

a heat dissipator that is in one of a bottomed cylindrical
shape and a bowl shape, and that has a bottom portion, a
circumferential wall portion, and an opening;

a light-emitting device that is provided inside the heat
dissipator at the bottom portion and is operable to emit
light; and

a reflector that is bowl-shaped and provided in the heat
dissipator, and is operable to reflect the emitted light
toward the opening, wherein

the reflector is made of a base and a reflective film that
covers the base, and

the base is made of one of resin and glass, and has facets.

20. The lighting apparatus of claim 19, wherein

the reflective film is a dielectric multilayer film that par-
tially transmits the emitted light.

21. The lighting apparatus of claim 20, wherein

the heat dissipator is made of one of a metal material, a
non-translucent ceramic material, and a non-translucent
resin material, and has one or more windows for leaking
light transmitted through the reflector to an outside of
the heat dissipator.

22. The lighting apparatus of claim 21, wherein

the windows are provided at equal intervals in a circum-
ferential direction of the circumferential wall portion.

23. The lighting apparatus of claim 21, wherein

a size of each window is such that the closer the window is
to an opening edge of the heat dissipator, the larger the
size of the window is.

24. The lighting apparatus of claim 21, wherein

each window is provided in a part of the circumferential
wall portion located between first and second virtual
planes, the first virtual plane including the opening of the
heat dissipator, the second virtual plane passing through
the light-emitting device and being perpendicular to a
central axis of the heat dissipator that is in one of the
bottomed cylindrical shape and the bowl shape.

25. The lighting apparatus of claim 21, wherein

each window is a through-hole closed off by a translucent
member.

26. The lighting apparatus of claim 25, wherein

the translucent member is colorless.

27. The lighting apparatus of claim 25, wherein

the translucent member is a color filter.

28. The lighting apparatus of claim 21 further comprising

a cover that is made of a translucent material and provided
on one of an inner surface, an outer surface, and both the
inner and outer surfaces of the circumferential wall por-
tion, wherein

each window is a through-hole and is closed off by the
cover.

29. The lighting apparatus of claim 28, wherein

the cover has one or more projections that are one of
pyramid-shaped and cone-shaped and are located in cor-
respondence with the one or more windows.

30. The lighting apparatus of claim 21 further comprising

a light guiding member operable to guide the emitted light
toward the one or more windows.

31. The lighting apparatus of claim 21 further comprising:

a shutter that is provided on the circumferential wall por-
tion and is operable to change an opening area of each
window.
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32. The lighting apparatus of claim 31, wherein

the shutter is in a cylindrical shape so as to fit one of an
inner surface and an outer surface of the circumferential
wall portion, has one or more through-holes located in
correspondence with the one or more windows, and is
movable with respect to the heat dissipator so as to
change a positional relationship between the one or
more windows and the one or more through-holes.

33. The lighting apparatus of claim 32, wherein

the shutter is movable by being rotated in a circumferential
direction of the circumferential wall portion.

34. The lighting apparatus of claim 19, wherein
the reflective film is a metal film.
35. The lighting apparatus of claim 19, wherein

an inner surface of the circumferential wall portion of the
heat dissipator is in contact with an outer circumferential
surface of the reflector.
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36. The lighting apparatus of claim 19, wherein

an inner surface of the circumferential wall portion of the
heat dissipator is spaced apart from an outer circumfer-
ential surface of the reflector.

37. The lighting apparatus of claim 19 further comprising

a sub-reflector that is provided in a vicinity of the opening
of the reflector, and that is operable to reflect direct light
toward the reflector, the direct light being light emitted
from the light-emitting device toward the opening of the
heat dissipator without being reflected by the reflector.

38. The lighting apparatus of claim 37 further comprising

a front cover that closes off one of an opening of the
reflector and the opening of the heat dissipator, wherein

the sub-reflector is attached to the front cover.

39. The lighting apparatus of claim 19 further comprising:

a case fixed to an outer surface of the bottom portion of the
heat dissipator; and

a lighting circuit housed in the case.
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