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(54) Reflector and lamp using the same

(57) A reflector (14) has a reflective surface (22) for
reflecting a light from a light emitter (12). At least an open-
ing part (36) of the reflective surface (22) has a cross-
sectional shape formed such that an angle formed by an

optical axis (CL) and a tangent (TL) passing through a
given point on the reflective surface (22) is gradually in-
creased as a position of the given point gets closer to an
opening end (28) of the reflective surface (22).
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Description

BACKGROUND OF THE INVENTION

Field ofthe Invention

[0001] The present invention relates to a reflector for
reflecting a light emitted from a light emitter typified by a
light emitting diode in a predetermined direction, and re-
lates to a lamp using the same.

Background Art

[0002] To obtain a desired light distribution profile by
controlling a direction of a light emitted from a light emitter
typified by an incandescent lamp (e.g., a halogen lamp)
or a light emitting diode, a lamp to be used in general is
equipped with a reflector (reflection mirror) having a re-
flective surface for reflecting the aforementioned light in
a predetermined direction.
[0003] For example, a lamp described in Japan Laid-
open Patent Application Publication No. JP-A-
2013-114917 (e.g., FIG 2 in the Publication) is equipped
with a reflector having a reflective surface defined by so-
called a paraboloid of revolution. The paraboloid of rev-
olution has a single focus. Theoretically, light rays emit-
ted from the focus are reflected by the paraboloid of rev-
olution, and are then changed into light rays parallel to
each other (parallel light rays).
[0004] It is obvious that the reflective surface of a well-
known reflector is not limited to be defined by the afore-
mentioned paraboloid of revolution and includes a reflec-
tive surface defined by an ellipsoid of revolution and that
defined by a combination of the paraboloid of revolution
and the ellipsoid of revolution. Moreover, the reflective
surface of a well-known reflector is not limited to a smooth
reflective surface, and includes a reflective surface
formed by collecting a plurality of facets.
[0005] However, as shown in FIG 6, a reflective surface
1 of a well-known reflector has a cross-sectional shape
that an angle, formed by an optical axis CL and a tangent
(CTL1, TL2, TL3) passing through a given point (a, b, c)
on the reflective surface 1, is gradually reduced as the
position of the given point gets closer to an opening 2 of
the reflective surface 1. In other words, the tangents grad-
ually become parallel to the optical axis CL in the order
ofthe tangent TL1, the tangent TL2 and the tangent TL3.
That is, the reflective surface 1 is formed in a bowl shape.
Alternatively, as shown in FIG 7, a reflective surface 3 is
formed such that an angle, formed by the optical axis CL
and a tangent TL4 passing through a given point on the
reflective surface 3, is constant. In other words, the re-
flective surface 3 has a linear cross-section.
[0006] Therefore, as shown in FIG 8, most of light rays
CTL, emitted from a light emitter 4 and then reflected by
the reflective surface 1 (hereinafter referred to as "con-
trolled light rays"), are theoretically supposed to irradiate
a range with roughly the same size as an opening side

of the reflective surface 1, where the reflective surface
is defined by a paraboloid of revolution. Depending on
the shape of the reflective surface 1, the controlled light
rays CTL may irradiate a region smaller than the opening
side of the reflective surface 1, where the reflective sur-
face 1 is defined by an ellipsoid of revolution. Alterna-
tively, the controlled light rays CTL may irradiate a range
slightly larger than the opening side of the reflective sur-
face 1, where the reflective surface is defined by a plane
of revolution with a linear cross-section (i.e., the angle
formed by the optical axis CL and the tangent TL4 is
constant) as shown in FIG 7. The region irradiated by the
controlled light rays CTL will be hereinafter referred to
as "a bright region" X1. In reality, the controlled light rays
CTL will be further expanded than theoretically assumed.
This is because in some cases, a light source is not a
point and a light is irradiated from a position away from
a focus.
[0007] The light rays irradiated from the light emitter 4
include not only the controlled light rays CTL but also
light rays (hereinafter referred to as "direct light rays") DL
that are directly transmitted through the opening 2 without
being reflected by the reflective surface 1. Some of the
direct light rays DL irradiate the bright region X1 (i.e., the
bright region X1 is irradiated by the controlled light rays
CTL and the direct light rays DL), whereas the rest of the
direct light rays DL are expanded to the outer peripheral
side of the bright region X1 and are thus supposed to
irradiate a region that the controlled light rays CTL hardly
reach. The region extended to the outer peripheral side
of the bright region X1 will be hereinafter referred to as
"a dark region" X2.
[0008] Now, consideration will be given to a light irra-
diated from a single point on the planar light emitter 4
mounted onto the bottom part of the reflective surface 1.
The light irradiated from the single point on the planar
light emitter 4 has an irradiation angle with a predeter-
mined range based on the shape or so forth of the planar
light emitter 4 itself. Thus, some of light rays irradiated
from the single point become the controlled light rays
CTL, whereas the rest become the direct light rays DL.
For example, a light ray L1, irradiated from the single
point on the planar light emitter 4 toward the opening
edge of the reflective surface, is reflected by the opening
edge and becomes the controlled light ray CTL. By con-
trast, a light ray L2 is irradiated as the direct light ray DL
without being reflected by the reflective surface 1. Here,
the angle formed by the light ray L2 and the optical axis
CL is slightly smaller than that formed by the light L1 and
the optical axis CL.
[0009] In this case, the angle formed by the light ray
L1 and the light ray L2 is roughly zero (i.e., the light rays
L1 and L2 follow roughly the same track) to the position
that the light ray L1 is reflected by the reflective surface
1. However, the light rays L1 and L2 are supposed to
form an angle A after the light ray L1 is reflected by the
reflective surface 1. Further, the angle A is supposed to
correspond to the width Y of the dark region X2 on an
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irradiated plane. For example, the aforementioned angle
A is greater in the reflective surface 1 (defined by, for
instance, an ellipsoid of revolution) with a feature of caus-
ing convergence of the controlled light rays CTL than in
the reflective surface 1 (defined by, for instance, a pa-
raboloid of revolution) with less tendency to cause con-
vergence of the controlled light rays CTL. Accordingly,
the width Y of the dark region X2 is also greater in the
reflective surface 1 with the feature of convergence of
the controlled light rays CTL than in the reflective surface
1 with a tendency to less cause convergence of the con-
trolled light rays CTL.
[0010] Due to the aforementioned reasons, in using a
reflector 5 having the well-known reflective surface 1, a
tendency has been observed that the intensity of light in
the bright region X1 on the irradiated plane becomes too
great, while the width Y of the dark region X2 extended
to the outer peripheral side of the bright region X1 be-
comes too wide. In other words, the well-known reflector
has been only capable of irradiating a light with a point-
like light (a spotlight) distribution profile. Thus, it has been
demanded to produce a reflector that can satisfy a de-
mand of not irradiating a range with a point-like light but
brightly irradiating a wider range.
[0011] The present invention has been developed in
view of the aforementioned drawback of the well-known
art. Therefore, it is a main object of the present invention
to provide a reflector and a lamp using the same, whereby
a wider range can be brightly irradiated by extending the
range of the bright region X1 without remarkably reducing
the intensity of light in a center part (in the vicinity of the
optical axis); a light distribution profile can be formed in
a smooth curve by reducing the width of the dark region
X2; and a light distribution, less evoking a feeling of
strangeness, can be implemented by blurring the contour
of an irradiated light.

SUMMARY OF THE INVENTION

[0012] A first aspect of the present invention relates to
a reflector with a reflective surface for reflecting a light
from a light emitter, and wherein at least an opening part
of the reflective surface has a cross-sectional shape
formed such that an angle formed by an optical axis and
a tangent passing through a given point on the reflective
surface is gradually increased as a position of the given
point gets closer to an opening end of the reflective sur-
face.
[0013] The cross-sectional shape of the reflective sur-
face may be formed based on a part of a parabola, a part
of an ellipse or a part of circle.
[0014] A bottom part formed continuously to the open-
ing part of the reflective surface preferably may have a
shape defined by either an ellipsoid of revolution or a
paraboloid of revolution.
[0015] Another aspect ofthe present invention relates
to a lamp including a light emitter and the aforementioned
reflector.

[0016] According to the present invention, it is possible
to provide a reflector and a lamp using the same, whereby
a wider range can be brightly irradiated without remark-
ably reducing the intensity of light in a center part (i.e.,
the bright region X1).

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Referring now to the attached drawings which
form a part of this original disclosure:

FIG 1 is a cross-sectional view of a lamp according
to a practical example to which the present invention
is applied;
FIG 2 is a cross-sectional view for explaining a re-
flector according to the practical example;
FIG 3 is a diagram showing, (a) a part of a parabola,
(b) a part of an ellipse and (c) a part of a circle, which
are applicable as a shape of a reflective surface of
the reflector;
FIG 4 is a schematic diagram of a light distribution
profile of a light from the reflector according to the
practical example;
FIG 5 is a cross-sectional view for explaining a re-
flector according to another practical example;
FIG 6 is a cross-sectional view of a shape of a re-
flective surface of a well-known reflector;
FIG 7 is a cross-sectional view of a shape of a re-
flective surface of another well-known reflector; and
FIG 8 is a schematic view of a light distribution profile
of a light from the well-known reflector shown in FIG
6.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] With reference to the drawings, explanation will
be hereinafter made for a practical example of a lamp 10
to which the present invention is applied. As shown in
FIG 1, the lamp 10 mainly comprises a light emitter 12,
a reflector 14, a lamp main body 15 and a front cover 16.
[0019] The light emitter 12 is configured to irradiate a
predetermined light when receiving a power. In the
present practical example, the light emitter 12 comprises
a light emitting part 18 and a light emitting part holding
member 20. The light emitting part 18 is configured to
emit a planar light. The light emitting part holding member
20 serves to hold the light emitting part 18, and a power
feed circuit (not shown in the drawings) is printed thereon
for supplying a power to the light emitting part 18. For
example, a light emitting part herein used as the light
emitting part 18 is a light emitting part configured to emit
lights from a large number of LED elements aligned on
the light emitting part holding member 20 as if the emitted
lights were a planar light or a light emitting part repre-
sented by an organic EL (Electro-Luminescence) config-
ured to emit a planar light. It is obvious that the light emit-
ter 12 is not limited to a light emitter configured to emit a
planar light. Alternatively, a light emitter configured to
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emit a light with a roughly point shape may be used as
the light emitter 12. Moreover, the light emitter 12 is not
limited to the LED or the organic EL. Alternatively, any
suitable types of light emitter may be used as the light
emitter 12, including an incandescent lamp and a high-
pressure discharge lamp.
[0020] The reflector 14 has a reflective surface 22
formed on the inside thereof The reflective surface 22
reflects a light emitted from the light emitter 12. Glass,
aluminum, resin or so forth is used as the material of the
reflector 14. When the reflector 14 is made of aluminum,
metal evaporation is performed for the reflective surface
22 (alternatively, alumite processing may be performed
instead of metal evaporation). On the other hand, when
the reflector 14 is made of glass, it is possible to use a
visible light reflective film made of a multilayer film coating
as well as a metal film made of aluminum or so forth.
Further, the reflective surface 22 of the present practical
example is made in the form of a smooth surface, but
alternatively, may be made in the form of a facet surface.
[0021] The reflective surface 22 has an opening 24 on
one end thereof, while having a bottom part 26 on the
other end thereof The bottom part 26 has an area smaller
than that of the opening 24. As shown in FIG 2, the re-
flective surface 22 of the present practical example is
made in the form of a surface of revolution about a center
axis CL. The cross-sectional shape of the reflective sur-
face 22 is formed such that an angle, formed by the center
axis CL and a tangent (TL100, TL102, TL104) passing
through a given point (100, 102, 104) on the reflective
surface 22, is gradually increased as the position of the
given point gets closer to an opening end 28. In short,
the reflective surface 22 of the reflector 14 to which the
present invention is applied is formed in a shape flexed
(curved) oppositely to the reflective surface of a well-
known reflector. Alternatively, as shown in FIG 3, the
cross-sectional shape of the reflective surface 22 may
be formed based on a part of parabola (FIG 3(a)), a part
of ellipse (FIG 3(b)) or a part of circle (FIG 3(c)).
[0022] With reference back to FIG 1, the lamp main
body 15 is made of material with good thermal conduc-
tivity, and comprises a reflector accommodation part 29,
a socket 30 and a base 32. It should be noted that the
reflector accommodation part 29 and the socket 30 are
integrally formed in the present practical example.
[0023] The reflector accommodation part 29 is a part
having a recess 50 in which the reflector 14 can be ac-
commodated. Further, the reflector accommodation part
29 has a step 52 formed on the circumferential edge of
the opening thereof. The circumferential edge of the
opening end of the reflector 14 and the circumferential
edge of the front cover 16 are attachable to the step 52.
[0024] The socket 30 is a roughly cylindrical part. One
end part of the socket 30 has an opening to which the
light emitter 12 is attached, whereas the other end part
of the socket 30 has a diameter gradually reduced. In the
present practical example, the opening bored in one end
part of the socket 30 is larger than the light emitter 12.

Therefore, the light emitter 12 is attached to the opening
of the socket 30 together with a light emitter support mem-
ber 54 formed in a roughly disc shape, while being mount-
ed onto the light emitter support member 54.
[0025] The socket 30 accommodates a power circuit
34 for supplying a light emission power to the light emitter
12 (the light emitting part 18 in the present practical ex-
ample). The power circuit 34 is not required in using the
light emitter 12 of a type (e.g., an incandescent lamp)
capable of directly supplying a commercial power. Fur-
ther, lead wires 56 are provided within the socket 30 in
order to establish electrical conduction between the base
32 and the power circuit 34 and that between the power
circuit 34 and the light emitter 12.
[0026] The base 32 is a conductive member attached
to the tip end of the other end part of the socket 30. The
base 32 is molded in a predetermined standard shape
such as "E11" or "E17".
[0027] The front cover 16 is a roughly plate-shaped
translucent member attached to the opening end 28 of
the reflector 14 in order to prevent a user from directly
touching the light emitter 12 by the hand or to avoid at-
tachment of raindrops, dust and so forth to the light emit-
ter 12. In general, the front cover 16 is made of glass or
resin such as polycarbonate or acrylic. The front cover
16 is not required, for instance, when there is no chance
for a user to directly touch the light emitter 12 by the hand
or there is no concern for attachment ofraindrops, dust
and so forth to the light emitter 12.
[0028] Next, explanation will be simply made for a pro-
cedure of assembling the lamp 10 to which the present
invention is applied. The light emitter 12 is preliminarily
assembled by combining the light emitting part 18 and
the light emitting part holding member 20 together. Fur-
ther, the base 32 is preliminarily fixed to the tip end of
the other end part of the socket 30, while one ends of
some lead wires 56 are preliminarily electrically connect-
ed to the base 32.
[0029] The power circuit 34 is accommodated within
the socket 30, while the other ends of some lead wires
56 are electrically connected to the power circuit 34.
Thereafter, the light emitter 12 (including the light emitter
support member 54) is attached to one end part of the
socket 30 (it is obvious that the other lead wires 56 are
preliminarily connected between the power circuit 34 and
the light emitter 12).
[0030] Finally, the reflector 14 is accommodated in and
fixed to the reflector accommodation part 29 of the socket
30 such that the light emitter 12 is enclosed by the bottom
part 26. The front cover 16 is herein attached to the open-
ing end 28 of the reflector 14 (with use of the step 52 of
the reflector accommodation part 29) on an as-needed
basis. Thus, assembling of the lamp 10 is completed. In
attaching the reflector 14 to the socket 30, the center axis
CL of the reflective surface 22 of the reflector 14 is ad-
justed to be matched with the optical axis CL of the light
emitter 12 (the light emitting part 18 in the present prac-
tical example).
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[0031] The light emitter 12 is configured to emit a light
when a power is supplied thereto through the base 32
and the power circuit 34. As shown in FIG 4, some of
light rays emitted from the light emitter 12 irradiate an
irradiated plane as the controlled light rays CTL reflected
by the reflective surface 22 of the reflector 14. On the
other hand, the rest of light rays irradiate the irradiated
plane as the direct light rays DL.
[0032] Now, consideration will be given to light rays to
be irradiated from a single point on the light emitting part
18. A light ray to be irradiated from the single point on a
light emitter part 18 has an irradiation angle with a pre-
determined range based on the shape and so forth of the
light emitter part 18 itself. Therefore, some of light rays
to be irradiated from the single point become the control-
led light rays CTL, whereas the rest of the light rays be-
come the direct light rays DL. For example, a light ray
L100, directed from the single point on the light emitting
part 18 to the opening end 28 of the reflective surface
22, is reflected by the reflective surface 22 and becomes
a controlled light ray CTL100. By contrast, a light ray
L102 is irradiated as a direct light ray DL102 without being
reflected by the reflective surface 22. It should be noted
that the angle formed by the light ray L102 and the optical
axis (center axis) CL is herein slightly less than that
formed by the light ray L100 and the optical axis CL.
[0033] The cross-sectional shape of the reflective sur-
face 22 of the reflector 14 in the present practical example
is herein formed, as described above, such that an angle,
formed by the center axis CL and a tangent (TL100,
TL102, TL104) passing through a given point (100, 102,
104) on the reflective surface 22, is gradually increased
as the position of the given point gets closer to the open-
ing end 28 (see FIG 2). Accordingly, the controlled light
ray CTL also has an angle formed in a direction away
from the optical axis CL. Thus, the bright region X1 irra-
diated by the controlled light rays CTL is sufficiently larger
than the plane region of the opening 24 of the reflective
surface 22. It is thereby possible to avoid a situation that
the controlled light rays CTL are excessively converged
as with a well-known reflector.
[0034] On the other hand, when consideration is given
to the light rays L100 and L102 irradiated from the light
emitter 12 roughly in the same direction, an angle B
formed by the controlled light ray CTL100 and the direct
light ray DL102 will be clearly smaller than the angle A
formed in a well-known reflector. The angle B corre-
sponds to the width Y of the dark region X2 on the irra-
diated plane. Hence, the width Y of the dark region X2
will be smaller where the reflector 14 of the present prac-
tical example is used than where a well-known reflector
is used.
[0035] Consequently, with use of the reflector 14 of the
present practical example, a wider range can be brightly
irradiated by extending the range of the bright region X1
without remarkably reducing the intensity of light in the
center part (in the vicinity of the optical axis CL); a light
distribution profile can be formed in a smooth curve by

reducing the width Y of the dark region X2; and a light
distribution, less evoking a feeling of strangeness, can
be implemented by blurring the contour of an irradiated
light.

(Other Practical Examples)

[0036] In the aforementioned practical example, the
cross-sectional shape of the reflective surface 22 of the
reflector 14 is entirely formed such that "an angle, formed
by the center axis CL and a tangent (TL100, TL102,
TL104) passing through a given point (100, 102, 104) on
the reflective surface 22, is gradually increased as the
position of the given point gets closer to the opening end
28". However, the present invention is not limited to the
aforementioned practical example. It is only required to
form at least an opening part 36 of the reflective surface
22 in "a flexed (curved) shape". Specifically, as shown
in FIG 5, the opening part 36 of the reflective surface 22
may be made in the form of "the flexed (curved) surface"
of the present invention, while a bottom part 38 of the
reflective surface 22, continued to the opening part 36,
may be defined by an ellipsoid of revolution, a paraboloid
of revolution, a plane of revolution with a linear cross-
section, or so forth that has been employed in a well-
known reflector.
[0037] The reflective surface 22 structured as de-
scribed above is preferred in that theoretically, it is pos-
sible to obtain an converging light (where an ellipsoid of
revolution is employed) or a parallel light (where a pa-
raboloid of revolution is employed) in the vicinity of the
optical axis CL; a distribution profile of a surrounding light
can be formed in a smooth curve; and a distribution light,
less evoking a feeling of strangeness, can be obtained
by blurring the contour of an irradiated light.
[0038] It should be noted that attention is required not
to set the region of "the flexed (curved) surface" to be
extremely smaller than the region of "a well-known type
surface (an ellipsoid of revolution, a paraboloid of revo-
lution, etc.)". This is due to the following reason. When
the region of "the flexed (curved) surface" is extremely
small, the advantageous effect of forming a distribution
light profile in a smooth curve, which is achieved by "the
flexed (curved) surface", becomes too weak and will be
inevitably almost the same as that achieved by the re-
flective surface 22 formed by only "the well-known type
surface".
[0039] Further, the aforementioned practical example
has explained a configuration that the single light emitter
12 and the single reflector 14 are used for the single lamp
10. However, a plurality of light emitters 12 and a plurality
of reflectors 14 can be used for the single lamp 10. It is
obvious that a single reflector 14 may be used for a single
light emitter 12, or alternatively, a single reflector 14 may
be used for a plurality of light emitters 12.
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Reference Signs List

[0040] 10···Lamp, 12···Light emitter, 14···Reflector,
15···Lamp main body, 16···Front cover, 18···Light emit-
ting part, 20···Light emitting part holding member,
22···Reflective surface, 24···Opening (of reflective sur-
face), 26···Bottom part, 28···Opening end (of reflective
surface), 29···Reflector accommodation part, 30···Sock-
et, 32···Base, 34···Power circuit, 36···Opening part (of re-
flective surface), 38···Bottom part (of reflective surface),
50···Recess, 52···Step, 54···Light emitter support mem-
ber, 56···Lead wire, CL···Optical axis (Center axis),
TL···Tangent

Claims

1. A reflector (14) with a reflective surface (22) for re-
flecting a light from a light emitter (12), wherein at
least an opening part (36) of the reflective surface
(22) has a cross-sectional shape formed such that
an angle formed by an optical axis (CL) and a tangent
(TL) passing through a given point on the reflective
surface (22) is gradually increased as a position of
the given point gets closer to an opening end (28) of
the reflective surface (22).

2. The reflector (14) according to claim 1, wherein the
cross-sectional shape of the reflective surface (22)
is formed based on a part of a parabola, a part of an
ellipse or a part of circle.

3. The reflector (14) according to claim 1 or 2, wherein
a bottom part (38) formed continuously to the open-
ing part (36) of the reflective surface (22) has a shape
defined by either an ellipsoid of revolution or a pa-
raboloid of revolution.

4. A lamp (10), comprising:

a light emitter (12); and
the reflector (14) recited in any of claims 1 to 3.
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