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(57) ABSTRACT

An illumination apparatus includes a light-emitting element,
a first lens, and a second lens. The first lens faces the
light-emitting element, and has a radiation port from which
a light beam is radiated, a first incident surface, a second
incident surface, a first reflection surface, and a second
reflection surface. The second lens faces the radiation port.
The first incident surface faces the light-emitting element,
and guides a light beam from the light-emitting element to
the radiation port. The second incident surface guides a light
beam not passing through the first incident surface to a
direction toward the outer periphery of the first lens. The first
reflection surface reflects a light beam from the second
incident surface to guide the light beam to the radiation port.
The second reflection surface reflects a light beam passing
through the first incident surface and then deviating from the
direction toward the radiation port, and a light beam
reflected on the first reflection surface and then deviating
from a direction toward the radiation port, to guide these
light beams to the radiation port.
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ILLUMINATION APPARATUS AND
ILLUMINATION METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to an illumination
apparatus, and an illumination method. In particular, the
disclosure relates to an illumination apparatus (headlamp)
and an illumination method for use in vehicles.

BACKGROUND

[0002] In the past, an illumination apparatus 100 using
light-emitting diodes (LEDs) has been utilized as a vehicle
headlamp (e.g., JP-A-2005-537665).

[0003] FIG. 1 is a cross-section view of the illumination
apparatus 100. The illumination apparatus 100 includes a
light-emitting element 10, a substrate 11, and a reflection
plate 12. Light emitted from the LED light source 10 is
reflected on the reflection plate 12, and is radiated to the
front direction through an opening 13.

[0004] The light-emitting element 10 is a point light
source that includes a high-output LED. The shape of the
reflection plate 12 is designed optically with respect to the
point light source. Since the light-emitting element 10
includes a high-output LED, it generates a large amount of
heat. Therefore, a cooling mechanism (not shown in figures)
is provided on or below the substrate 11.

SUMMARY

[0005] The disclosure provides an illumination apparatus
that is thin and that does not require any special heat-
releasing structures, even though the illumination apparatus
includes an LED.

[0006] The illumination apparatus of the disclosure
includes a light-emitting element, a first lens, and a second
lens. The first lens faces the light-emitting element, and has
a radiation port from which a light beam is radiated, a first
incident surface, a second incident surface, a first reflection
surface, and a second reflection surface. The second lens
faces the radiation port. The first incident surface faces the
light-emitting element, and guides alight beam from the
light-emitting element to the radiation port. The second
incident surface guides a light beam not passing through the
first incident surface to a direction toward the outer periph-
ery of the first lens. The first reflection surface reflects a light
beam from the second incident surface to guide the light
beam to the radiation port. The second reflection surface
reflects a light passing through the first incident surface and
then deviating from a direction toward the radiation port,
and a light beam reflected on the first reflection surface and
then deviating from the direction toward the radiation port,
to guide these light beams to the radiation port.

[0007] According to the above configuration, since the
first lens collects the light beams at the radiation port, and
the second lens radiates the light beams, the output can be
suppressed while high light utilization efficiency is secured.
Furthermore, since any reflection plates are not used, it
becomes possible to provide a small-sized and thin illumi-
nation apparatus. Furthermore, any special heat-releasing
structures are not required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a cross-section diagram of a conventional
illumination apparatus.
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[0009] FIG. 2 is a cross-section diagram of an illumination
apparatus according to a first embodiment.

[0010] FIG. 3Ais an enlarged cross-section diagram of the
region A in FIG. 2.

[0011] FIG. 3B is a plan diagram of the illumination
apparatus shown in FIG. 2 when viewed from the direction
shown by the arrow B.

[0012] FIG. 4 is a cross-section diagram of one unit
(illumination unit) of a lens-element part of the illumination
apparatus shown in FIG. 2.

[0013] FIG. 5is a schematic diagram that shows pathways
of light inside the first lens in the illumination apparatus
shown in FIG. 2.

[0014] FIG. 6 is a schematic diagram that shows pathways
of light that has entered the second lens in the illumination
apparatus shown in FIG. 2.

[0015] FIG. 7A is a diagram that shows light radiation
characteristics in a case where second lenses are not placed
in the illumination apparatus shown in FIG. 2.

[0016] FIG. 7B is a diagram that shows light radiation
characteristics in a case where positions of centers of optical
axes of second lenses are identical to positions of respective
centers of radiation ports of first lenses in the illumination
apparatus shown in FIG. 2.

[0017] FIG. 7C is a diagram that shows light radiation
characteristics in a case where centers of optical axes of
second lenses are shifted toward the right side with respect
to respective centers of radiation ports of first lens by 0.4
mm in the illumination apparatus shown in FIG. 2.

[0018] FIG. 7D is a diagram that shows light radiation
characteristics in a case where centers of optical axes of
second lenses are shifted toward the right side with respect
to respective centers of radiation ports of first lens by 0.8
mm in the illumination apparatus shown in FIG. 2.

[0019] FIG. 8A is a diagram that shows variables used in
a shape formula for first lenses in the illumination apparatus
shown in FIG. 2.

[0020] FIG. 8B is a diagram that shows variables used for
a shape formula for second lenses in the illumination appa-
ratus shown in FIG. 2.

[0021] FIG. 9 is a diagram that shows the shape of the first
reflection surface of the first lens in the illumination appa-
ratus shown in FIG. 2.

[0022] FIG. 10A is a diagram that shows a positional
relationship between the radiation port of the first lens and
the corresponding second lens in the illumination unit shown
in FIG. 4.

[0023] FIG. 10B is a diagram that shows an illuminance
distribution on the irradiated area in a case where positional
relationships between radiation ports of first lenses and
corresponding second lenses are consistent with the posi-
tions shown in FIG. 10A.

[0024] FIG. 11A is a diagram that shows locations of
second lenses in the illumination apparatus shown in FIG.
3B.

[0025] FIG. 11B is a diagram that shows dimensions of
shift between centers of optical axes of second lenses and
corresponding centers of radiation ports of first lenses in an
illumination apparatus according to the first embodiment.
[0026] FIG. 12A is a diagram that shows a light distribu-
tion in a case where only a light-emitting element of a low
beam Lo-1 has lighted up in an illumination apparatus
according to the first embodiment.
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[0027] FIG. 12B is a diagram that shows a light distribu-
tion in a case where only a light-emitting element of a low
beam Lo-11 has lighted up in an illumination apparatus
according to the first embodiment.

[0028] FIG. 12C is a diagram that shows a light distribu-
tion in a case where only a light-emitting element of [.o-20
has lighted up in an illumination apparatus according to the
first embodiment.

[0029] FIG. 12D is a diagram that shows a light distribu-
tion in a case where only a light-emitting element of a high
beam Hi-1 has lighted up in an illumination apparatus
according to the first embodiment.

[0030] FIG. 12E is a diagram that shows a light distribu-
tion in a case where only a light-emitting element of a high
beam. Hi-11 has lighted up in an illumination apparatus
according to the first embodiment.

[0031] FIG. 12F is a diagram that shows a light distribu-
tion in a case where only a light-emitting element of a high
beam. Hi-20 has lighted up in an illumination apparatus
according to the first embodiment.

[0032] FIG. 13Ais a diagram that shows a light distribu-
tion 25 meters ahead of an illumination apparatus according
to the first embodiment in a case where light-emitting
elements corresponding to low beams Lo-1 to Lo-20 have
lighted up in the illumination apparatus.

[0033] FIG. 13B is a diagram that shows a light distribu-
tion in the case shown in FIG. 13A.

[0034] FIG. 14A a diagram that shows a light distribution
25 meters ahead of an illumination apparatus according to
the first embodiment in a case where light-emitting elements
corresponding to high beams Hi-1 to Hi-20 have lighted up
in the illumination apparatus.

[0035] FIG. 14B is a diagram that shows a light distribu-
tion in the case shown in FIG. 14A.

[0036] FIG. 15A a diagram that shows a light distribution
25 meters ahead of an illumination apparatus according to
the first embodiment in a case where all light-emitting
elements have lighted up in the illumination apparatus.
[0037] FIG. 15B is a diagram that shows a light distribu-
tion in the case shown in FIG. 15A.

[0038] FIG. 16A is a diagram that shows a positional
relationship between a radiation port of a first lens and a
corresponding second lens in one illumination unit in which
a center point of the radiation port of the first lens, and a
center of an optical axis of the second lens are identical.
[0039] FIG. 16B is a diagram that shows a light distribu-
tion 25 meters ahead of the illumination apparatus based on
the model in FIG. 16A.

[0040] FIG. 16C is a diagram that shows a light distribu-
tion in the case shown in FIG. 16B.

[0041] FIG. 17A is a diagram that shows changes in light
distribution characteristics in the x direction in a case where
the second lens is moved to a point 0.8 mm away in the right
direction (x-plus direction) in increments of 0.2 mm in the
illumination unit relating to FIGS. 16A to 16C.

[0042] FIG. 17B is a diagram that shows light distribution
characteristics with regard to a sum of light distributions in
FIG. 17A.

[0043] FIG. 18A is a diagram that shows changes in light
distribution characteristics in the x direction in a case where
the second lens is moved to a point 0.4 mm away in the
downward direction (y-minus direction) in increments of 0.1
mm in the illumination unit relating to FIGS. 16A to 16C.

May 4, 2017

[0044] FIG. 18B is a diagram that shows light distribution
characteristics with regard to a sum of light distributions in
FIG. 18A.

[0045] FIG. 19A is a diagram that show a shape of a
radiation port in an illumination apparatus according to the
first embodiment in which the illumination apparatus is
configured by first lenses that have respective radiation ports
having the same rectangular shape.

[0046] FIG. 19B is a diagram that shows level curves of an
illuminance distribution of a passing beam (low beams) in
an illumination apparatus according to the first embodiment.
[0047] FIG. 20A is a diagram that show shapes of radia-
tion ports in an illumination apparatus according to a second
embodiment in which the illumination apparatus is config-
ured by first lenses that have respective radiation ports
having different shapes.

[0048] FIG. 20B is a diagram that shows level curves of an
illuminance distribution of a passing beam (low beam) in an
illumination apparatus according to the second embodiment.
[0049] FIG. 21 is a perspective view of an illumination
apparatus according to a third embodiment in which arrays
of illumination units and directions of LEDs are designed
without any limitation.

[0050] FIG. 22A is a lateral view of an illumination
apparatus according to a fourth embodiment.

[0051] FIG. 22B is another lateral view of the illumination
apparatus shown in FIG. 22A.

[0052] FIG. 22C is a perspective view of a first lens in the
illumination apparatus shown in FIG. 22A.

[0053] FIG. 22D is a plan view of a radiation port of the
first lens in the illumination apparatus shown in FIG. 22A.
[0054] FIG. 22E is a diagram that shows a light-radiation
region caused by the illumination apparatus shown in FIG.
22A.

[0055] FIG. 23A is a lateral view of an illumination
apparatus according to the fourth embodiment.

[0056] FIG. 23B is another lateral view of the illumination
apparatus shown in FIG. 23A.

[0057] FIG. 23C FIG. 23B is a perspective view of a first
lens in the illumination apparatus shown in FIG. 23A.
[0058] FIG. 23D is a plan view of a radiation port of the
first lens in the illumination apparatus shown in FIG. 23A.
[0059] FIG. 23E is a diagram that shows a light-radiation
region caused by the illumination apparatus shown in FIG.
23A.

[0060] FIG. 23F is an enlarged plan view of a taper part
shown in FIG. 23D.

[0061] FIG. 23G is a cross-section view of the taper part
shown in FIG. 23D.

[0062] FIG. 24A is a lateral view of an illumination
apparatus according to a fifth embodiment.

[0063] FIG. 24B is a perspective view of the illumination
apparatus shown in FIG. 24A.

[0064] FIG. 25A is a lateral view of one lens unit in the
illumination apparatus shown in FIG. 24A.

[0065] FIG. 25B is another lateral view of the lens unit
shown in FIG. 25A.

[0066] FIG. 25C is an enlarged cross-section view of a
lower part of the first lens in the lens unit shown in FIG.
25A.

[0067] FIG. 26A is a diagram that shows a light distribu-
tion relating to a left-side illumination unit in the illumina-
tion apparatus shown in FIG. 24A.
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[0068] FIG. 26B is a diagram that shows a light distribu-
tion relating to a right-side illumination unit in the illumi-
nation apparatus shown in FIG. 24A.

[0069] FIG. 27A is a diagram that shows a distribution of
combined light from the left-side and right-side illumination
units shown in FIGS. 26A and 26B, respectively.

[0070] FIG. 27B is a diagram that shows a light-intensity
distribution of the combined light shown in FIG. 27A.
[0071] FIG. 28A is a diagram that shows another light
distribution relating to the left-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0072] FIG. 28B is a diagram that shows another light
distribution relating to the right-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0073] FIG. 29A is a diagram that shows a distribution of
combined light from the left-side and right-side illumination
units shown FIGS. 28A and 28B, respectively.

[0074] FIG. 29B is a diagram that shows a light-intensity
distribution of the combined light shown in FIG. 29A.
[0075] FIG. 30A is a diagram that shows still another light
distribution relating to the left-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0076] FIG. 30B is a diagram that shows still another light
distribution relating to the right-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0077] FIG. 31A is a diagram that shows a distribution of
combined light from the left-side and right-side illumination
units shown FIGS. 30A and 30B, respectively.

[0078] FIG. 31B is a diagram that shows a light-intensity
distribution of the combined light shown in FIG. 31A.
[0079] FIG. 32A is a diagram that shows still another light
distribution relating to the left-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0080] FIG. 32B is a diagram that shows still another light
distribution relating to the right-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0081] FIG. 33A is a diagram that shows a distribution of
combined light from the left-side and right-side illumination
units shown FIGS. 32A and 32B, respectively.

[0082] FIG. 33B is a diagram that shows a light-intensity
distribution of the combined light shown in FIG. 33A.
[0083] FIG. 34A is a diagram that shows still another light
distribution relating to the left-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0084] FIG. 34B is a diagram that shows still another light
distribution relating to the right-side illumination unit in the
illumination apparatus shown in FIG. 24A.

[0085] FIG. 35A is a diagram that shows a distribution of
combined light from the left-side and right-side illumination
units shown FIGS. 34A and 34B.

[0086] FIG. 35B is a diagram that shows a light-intensity
distribution of the combined light shown in FIG. 35A.

DESCRIPTION OF EMBODIMENTS

[0087] Prior to describing embodiments of the invention,
problems in conventional illumination apparatuses will
briefly be mentioned. The illumination apparatus disclosed
in JP-A-2005-537665 has one LED, and therefore, in order
to secure sufficient illuminance, it is required to realize an
even higher output of it. However, along with achievement
of such a higher output, an amount of heat generation will
be increased. For that reason, a cooling mechanism is further
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required. Furthermore, in view of optical design, it is
required to also increase a size of a part including a
reflection plate.

First Embodiment

[0088] FIG. 2 is a cross-section view of an illumination
apparatus 200 according to a first embodiment. FIG. 3A is an
enlarged cross-section view of the part A in FIG. 2. FIG. 3B
is a plan view of the illumination apparatus shown in FIG.
2 when viewed from the direction B. FIG. 4 is a cross-
section configuration diagram of one unit of a lens-element
part in the illumination apparatus 200.

<Illumination Apparatus 200>

[0089] The illumination apparatus 200 includes: a first
lens unit 20; a second lens unit 21 that is located above the
first lens unit 20; multiple light-emitting elements 22 that are
located below the first lens unit 20; and a substrate 23 on
which the light-emitting elements 22 are mounted.

[0090] The light-emitting elements 22 are laser diodes,
and the multiple light-emitting elements 22 are mounted on
the substrate 23. In order to attach the illumination apparatus
200 to the front, right and left corners of a vehicle, the
substrate 23 is placed so as to be inclined with respect to the
light-radiation direction.

[0091] The first lens unit 20 includes multiple first lenses
201 that are located in positions above the multiple light-
emitting elements 22, respectively. The first lens unit 20 is
produced by resin-molding using, as a material, a transpar-
ent resin such as an acrylic resin or polycarbonate resin, in
such a manner that the multiple first lenses 201 are inte-
grated into the first lens unit 20.

[0092] The second lens unit 21 is placed above the first
lens unit 20, and includes multiple second lenses 211 that are
located in positions corresponding to the respective first
lenses 201. The second lens unit 21 is also produced by
resin-molding using, as a material, a transparent resin such
as an acryl resin or polycarbonate resin, in such a manner
that the multiple second lenses 211 are integrated into the
second lens unit 21.

<Illumination Unit 300>

[0093] An illumination unit 300 will now be described
with reference to FIG. 4. The illumination unit 300 corre-
sponds to one part of the illumination apparatus 200 in FIG.
2, and includes one first lens 201 and one second lens 211.
[0094] There is a gap 24 between the first lens 201 and the
second lens 211. If the gap 24 is wide, light distribution
characteristics will also be wide. Therefore, the gap 24 is
preferably narrow. Specifically, the gap 24 is preferably 1/20
or less of the thickness of the second lens 211.

[0095] A lower part of the first lens 201 is larger than its
upper part. Moreover, a recessed part is provided in the
lower part of the first lens 201. The first lens 201 has a first
incident surface 202 and a second incident surface 203
within the recessed part. Furthermore, the first lens 201 has
a first reflection surface 204 in its lower part and a second
reflection surface 205 in its upper part. The second reflection
surface 205 surrounds the radiation port 206 that has a planar
shape. The upper part of the first lens 201 is cone-shaped,
and its diameter gradually becomes smaller toward the upper
direction. The first lens 201 has the radiation port 206 on its
upper surface.
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[0096] The second lens 211 is located ahead of the radia-
tion port 206 of the first lens 201 across the gap 24. In other
words, the radiation port 206 faces the second lens 211
across the gap 24. Light emitted from the radiation port 206
enters the planar incident surface 212 of the second lens 211,
and is refracted and collimated by the convex emission
surface 213.

[0097] In the illumination apparatus 200 shown in FIG.
3B, multiple illumination units 300 are arrayed for use as
high beams Hi and low beams Lo. The use as high beams Hi
and low beams Lo will be described below.

<Optical Paths in the First Lens 201>

[0098] With reference to the cross-section view shown in
FIG. 5, pathways of light (optical paths) that pass through
the first lens 201 will now be described. In addition,
although FIG. 5 is a cross-section view, hatched lines are not
used in order to show pathways of light. When pathways of
light are shown, the same shall apply to other figures.
[0099] The first incident surface 202 is placed on the
optical axis of the light-emitting element 22. The first
incident surface 202 has a shape of convex lens, and light
beams [11, .12 and [13 that passed through the first
incident surface 202 have been collimated, and proceed to
the radiation port 206. Although the light beams [.11, [.12
and [13 are not necessarily collimated, it is required that
they are guided to the radiation port 206.

[0100] Light beams .14, .15 and [.16 that are not incident
on the first incident surface 202 enter the first lens 201 via
the second incident surface 203, are regularly reflected on
first reflection surface 204, and proceed to the radiation port
206.

[0101] The shape of the first reflection surface 204 is
arranged in such a manner that the light that has been
reflected on the first reflection surface 204 travels approxi-
mately parallel to the second reflection surface 205. How-
ever, in the vicinity of the second incident surface 203, an
angle between the optical axis and a line perpendicular to the
surface is set to be equal to or larger than a critical angle of
the resin (42.15° in case of an acrylic resin) in order to
maintain the total reflection. Although total reflection is
preferable, merely a reflection may be sufficient.

[0102] A light beam L18 is alight beam that has been
emitted from some point other than the center of the light-
emitting element 22, and that has passed through the first
incident surface 202. A light beam .19 is a light beam that
has been emitted from some point other than the center of
the light-emitting element 22 and that has passed through the
second incident surface 203, followed by being reflected on
the first reflection surface 204.

[0103] The light beams [.18 and .19, the light beam [.16
that has been reflected on the first reflection surface 204 in
the vicinity of the second incident surface 203, etc. are
regularly reflected on the second reflection surface 205, and
proceed to the radiation port 206.

[0104] A light beam [.17 is a light beam that proceeds
toward the direction opposite to the second incident surface
203, and proceeds to the radiation port 206 in the same
manner as the other light beams.

[0105] Although a tilt 81, of the light-emitting element 22
with respect to the center 207 (approximately identical to the
optical axis 208 of the first lens) of the radiation port of the
first lens 201 can be set without any limitation, it is prefer-
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able that the tilt 61, is set to 50° or less. If the tilt 01, exceeds
50°, the radiation efficiency may drastically be decreased.
[0106] As seen from the above description, the first lens
201 is a light-collecting lens.

<Optical Paths in the Second Lens 211>

[0107] FIG. 6 is a cross-section view of the second lens
211. The second lens 211 has an optical axis 214. As shown
by solid lines, light beams .21 that have entered the second
lens 211 from the optical axis 214 come outside from the
emission surface 213. All of the emitted light beams become
rays of light parallel to the optical axis 214, and they are
radiated therefrom in that state.

[0108] On the other hand, as shown by dotted lines, light
beams [.22 that have entered the second lens 211 in a state
in which they deviate from the optical axis 214 are formed
into light beams that are slightly inclined with respect to the
optical axis 214, and they are radiated therefrom in that state.
[0109] Although all light beams [.21 that entered the
second lens 211 from the optical axis 214 and that have been
emitted from the emission surface 213 are parallel to one
another, light beams .22 that entered the second lens 211 in
a state in which they deviate from the optical axis 214 and
that have been emitted from the emission surface 213 are not
parallel to one another, and each have a radiation angle.
[0110] The larger the positional shift from the optical axis
214 is, the larger the radiation angle is.

[0111] Finally, light beams emitted from the second lens
211 are oriented to be radiated to a certain region.

<Optical Paths in the [llumination Unit 300>

[0112] FIGS. 7A to 7D are cross-section views of illumi-
nation units 300, and optical paths. FIG. 7A shows optical
paths in a case where second lenses 211 are not present. FI1G.
7B shows optical paths in a case where the center of the
optical axis 214 of the second lens 211 is located at the same
position as the center of the radiation port 207 of the first
lens 201. Light beams that have been radiated from the first
lens 201 have wide light distribution angles, and, when they
pass through the second lens 211, they are collimated, and
light beams with narrow light distributions are obtained.
[0113] FIG. 7C shows changes in the directions of radiated
light beams in a case where the position of the second lens
211 is shifted to the right by 0.4 mm with respect to FIG. 7B.
Furthermore, FIG. 7D shows changes in the directions of
radiated light beams in a case where the position of the
second lens 211 is shifted to the right by 0.8 mm with respect
to FIG. 7B. The thickness of the second lens 211 is 13 mm.
[0114] As seen from FIGS. 7B to 7D, radiation directions
of light beams that are radiated from the second lens 211
vary with changes in an amount of positional shift between
the center 207 of the radiation port of the first lens 201 and
the optical axis 214 of the second lens 211. In other words,
by changing relative positions of the center 207 of the
radiation port of the first lens 201 versus the optical axis 214
of the second lens 211, the radiation directions of light can
be varied.

[0115] With regard to illumination apparatuses 200 for use
as headlamps, when vehicles pass each other, it is required
that light beams in that direction are rapidly suppressed, in
order to prevent the light beams from dazzling each of the
drivers. That is, rapid changes in the cutoff-line illuminance
in a passing beam are required.
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[0116] In this embodiment, the center 207 of the radiation
port of the first lens 201, and the optical axis 214 of the
second lens 211 are slightly shifted from each other, thereby
realizing rapid changes in the illuminance.

<Shapes of the First Lens 201 and the Second Lens 211>

[0117] FIGS. 8A and 8B are partial cross-section views of
the first lens 201 and the second lens 211, respectively. FIG.
8A is a diagram that shows variables relating to the shape of
the first lens 201, and FIG. 8B is a diagram that shows
variables relating to a shape formula for the emission surface
213 of the second lens 211.

(1) Shape of the First Incident Surface 202 of the First Lens
201

[0118] A distance rl between the center P1 of the light-
emitting surface of the light-emitting element 22 and the first
incident surface 202 of the first lens 201 is given by Formula
1, which is a function of an angle 81 between the optical axis
208 of the first lens and a vector with a length of the distance
rl.

rl=t1*(n*cos(Pl)-1)/(n*cos(01+p1)-1)

[0119] In Formula 1, n is a refractive index of a lens
material, and, in a case in which the material is an acrylic
resin, the refractive index n is 1.49. The angle 01 is an angle
between a refracted light beam that has entered the first
incident surface 202, and the optical axis 208 of the first
lens. The distance t1 is a distance between the light-emitting
element 22 and the first incident surface 202, on the optical
axis 208 of the first lens.

(Formula 1)

(2) Shape of the First Reflection Surface 204 of the First
Lens 201

[0120] A distance r2 between the center P1 of the light-
emitting surface of the light-emitting element 22 and the first
reflection surface 204 of the first lens 201 is given by
Formula 2, which is a function of an angle 02 between the
optical axis 208 of the first lens and the distance r2.

#2=b*(1+sin(P2))/(1-cos(02+p2))

[0121] In Formula 2, the distance b is a distance between
an intersection of a line passing through the center P1 of the
light-emitting surface and perpendicular to the optical axis
208 of the first lens, with the first reflection surface 204, and
the center P1 of the light-emitting surface. The angle 2 is
an angle between a light beam reflected on the first reflection
surface 204 and the optical axis 208 of the first lens.

(Formula 2)

(3) Size of the Reflection Angle or

[0122] If the reflection angle Or on the first reflection
surface 204 is equal to or less than the critical angle 6rn (a
marginal angle where total reflection is possible) of the
material, a light beam that is released to the outside from the
first reflection surface 204 is produced. Therefore, the reflec-
tion angle Or is preferably equal to or larger than the critical
angle Orn of the material. In consideration of a width of the
light-emitting surface of the light-emitting element 22, when
the reflection angle Or<the angle 6r0 in Formula 2 given that
the angle 0r0 is slightly larger than the critical angle Orn, the
distance r2 is given by Formula 3. Additionally, ¢ in Formula
3 can be obtained by Formula 4, and r0 in Formula 4 can be
obtained by Formula 5.
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r2=c*exp(-02*tan(6r0)) (Formula 3)
c=r0/exp((2*0r0+P2-m*tan(0+0)) (Formula 4)
#0=b*(1+sin(p2))/(1-cos(m-2*6+0)) (Formula 5)

(4) Shape of the First Reflection Surface 204 of the First
Lens 201

[0123] FIG. 9 is a cross-section view of the first lens 201.
The shape of the first reflection surface 204 of the first lens
201 may be formed by an ellipse 40 having, as focal points,
the center P1 of the light-emitting surface of the light-
emitting element 22 and the center 207 of the radiation port,
as shown in FIG. 9. In other words, the ellipse 40 is
configured by combining the circle having, as its centers, the
center 207 of the radiation port and the circle having, as its
center, the center P1 of the light-emitting surface of the
light-emitting element 22, respectively. Even in this case, the
reflection angle Or is preferably equal to or larger than the
critical angle Orn of the material.

(5) Shape of the Emission Surface 213 of the Second Lens
211

[0124] With reference to FIG. 8B, a shape formula for the
emission surface 213 of the second lens 211 will now be
described. A distance 13 from an intersection of the optical
axis 214 of the second lens 211 with the incident surface 212
to the emission surface 213 is given by Formula 6, which is
a function of an angle 03 between the optical axis 214 and
a vector with a length of the distance 3.

#3=(n-1)*13/(n—cos(03))

[0125] In Formula 6, n is a refractive index of a material
of the lens, and in the case of an acrylic resin, the refractive
index n is 1.49.

[0126] Additionally, t3 is a thickness of the second lens
211, and, for example, t3 is 13 mm in this embodiment.

(Formula 6)

<Positional Relationship Between the First Lens 201 and the
Second Lens 211>

[0127] Next, with reference to FIGS. 10A, 10B, 11A and
11B, a positional relationship between the first lens 201 and
the second lens 211 will be described.

[0128] FIG. 10A is a diagram of the radiation port 206 of
the first lens 201 and the second lens 211 when viewed from
the side where the light-emitting element 22 is present. The
center 215 of the optical axis of the second lens 211 is shifted
with respect to the center 207 of the radiation port 206 of the
first lens 201 by a shift amount dx in the X direction and by
a shift amount dy in the Y direction.

[0129] FIG. 10B is a diagram that shows an illuminance
distribution 30 on an irradiated area that is apart from the
illumination unit 300 shown in FIG. 10A by a certain
distance. The shape of the illuminance distribution 30 is
similar to the shape of the radiation port 206 of the first lens
201.

[0130] The center 207 of the radiation port of the first lens
201, and the center 31 of the illuminance distribution 30 are
symmetric to each other with respect to the center 215 of the
optical axis of the second lens 211.

[0131] FIG. 11A is a plan view that shows the layout of
second lenses 211 in the second lens unit 21.
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[0132] Low beams Lo-1 to Lo-20 are provided in order to
emit light of a passing-beam head lamp. For use as illumi-
nation for oncoming vehicles, these low beams make it
possible to rapidly cut off light passing in a certain direction.
[0133] High beams Hi-1 to Hi-20 are provided in order to
emit light of a driving-beam headlamp. These high beams
cause emission of light with a homogeneous distribution for
the purpose of vehicle-driving.

[0134] FIG. 11B is a graph that shows shift amounts dx
and dy between centers 215 of the optical axes of the second
lenses 211, and respective centers 207 of the radiation ports
206 of the first lens 201. Shift amounts dx of low beams
Lo-1 to Lo-20 in the x direction vary in increments of 0.1
mm in the numerical order. That is, the value for the low
beam Lo-1 is —1.0 mm, the value for the low beam Lo-11 is
0 mm, and the value for the low beam Lo-20 is +0.9 mm.
With regard to the shift amounts dy in the Y direction, the
value for the low beam Lo-1 is —=0.4 mm, the low beams
from Lo-1 to Lo-11 vary in increments of -0.05 mm in the
numerical order, and the value for the low beam Lo-11 is
-0.5 mm. Low beams Lo-12 to Lo-20 exhibit a constant
value, i.e., 0.3 mm. The width of the radiation port 206 of
the first lens 201 in the Y direction is 0.7 mm, and, when the
shift amount dy is -0.35 mm, the upper line showing rapid
changes in the illuminance distribution just agrees with the
optical axis.

[0135] Shift amounts dx of high beams Hi-1 to Hi-20 in
the x direction vary in increments of 0.1 mm in the numeri-
cal order, and the value for the low beam Lo-1 is —=1.0 mm,
the value for the low beam Lo-11 is 0 mm, and the value for
the low beam [o0-20 is +0.9 mm. All of the shift amounts dy
in the Y direction are constant, i.e., 0 mm.

<Results of Optical Simulation: Case-by-Case>

[0136] FIGS. 12A to 12F show light distributions 25
meters ahead of the illumination apparatuses 200 with above
described conditions in cases where only light-emitting
elements 22 corresponding to the respective lenses are
switched on by subjecting the illumination apparatuses 200
to an optical simulation.

[0137] FIGS. 12Ato 12F correspond light distributions of
low beams Lo-1, Lo-11 and Lo-20, and high beams Hi-1,
Hi-11 and Hi-20, respectively in the illumination appara-
tuses 200 according to the embodiments. That is, these
figures each show light distributions 25 meters ahead of the
illumination apparatuses 200 when only corresponding
light-emitting elements 22 are switched on.

[0138] As seen from FIGS. 12A to 12F, parts exhibiting
high illuminance appear not at the centers of illuminance
distributions but at either of the sides when only one of
light-emitting elements 22 is switched on. This is due to a
gap between light fluxes that have been guided from the first
incident surface 202 to the radiation port 206 in the first lens
201, and the light fluxes that have been reflected on the first
reflection surface 204 and that have been guided to the
radiation port 206 in the first lens 201 (see FIG. 5).

<Results of Optical Simulation: Low Beams Lo>

[0139] FIG. 13A shows a light distribution 25 meters
ahead of an illumination apparatus 200 based on an optical
simulation in which light-emitting elements 22 correspond-
ing to low beams [.o-1 to Lo-20 are caused to light up in the
illumination apparatuses 200.
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[0140] FIG. 13B shows a light distribution in the lighting-
up state shown in FIG. 13A. The state in which light-
emitting elements 22 corresponding to low beams Lo-1 to
Lo-20 are caused to light up refers to a state in which light
of a passing-beam (low-beam) headlamp is generated.

[0141] In the cases of a passing-beam (low-beam) head-
lamp, it is required that a cutoff line Lk where the illumi-
nance rapidly changes is provided, and, in the cases of
vehicles running on the right side, it is preferable that the
right side of the center line of the cutoff line is slightly
higher. In cases of vehicles running on the left side, the
reverse is preferable.

[0142] In this embodiment, centers 215 of optical axes of
the second lenses 211 that form a passing-beam (low-beam)
headlamp are located in respective positions close to lower
lines of radiation ports 206 of the first lens 201, thereby
forming a cutoff line Lk where the illuminance is rapidly
shifted to an upper side of the illuminance distribution, as
shown in FIG. 13A.

[0143] Furthermore, since shift amounts dx of centers 215
of optical axes of second lenses 211 with respect to respec-
tive centers 207 of radiation ports of first lenses 201 in the
X direction gradually vary, light beams that are emitted from
the second lenses 211 are combined, thus forming a zonal
high illuminance region in the central portion.

<Results of Optical Simulation: High Beams Hi>

[0144] FIG. 14A shows a light distribution 25 meters
ahead of the illumination apparatus 200 based on an optical
simulation in which light-emitting elements 22 correspond-
ing to high beams Hi-1 to Hi-20 are caused to light up in the
illumination apparatus 200.

[0145] FIG. 14B shows a light distribution in the lighting-
up state shown in FIG. 14A. The state in which light-
emitting elements 22 corresponding to high beams Hi-1 to
Hi-20 are caused to light up refers to a state in which light
of a driving-beam (high-beam) headlamp has been gener-
ated.

[0146] All of the shift amounts dy of centers 215 of optical
axes of second lenses 211 with respect to respective centers
207 of radiation ports 206 of first lenses 201 are equal, and
are 0 mm. Additionally, shift amounts dx in the X direction
are gradually varied. Accordingly, a laterally-long rectangu-
lar illuminance distribution that has a zonal high illuminance
region in the central portion is obtained.

<Results of Optical Simulation: Low Beams Lo+High
Beams Hi>

[0147] FIG. 15A shows a light distribution 25 meters
ahead of the illumination apparatus 200 based on an optical
simulation in which all light-emitting elements 22 are
caused to light up in the illumination apparatus 200. FIG.
15B shows a light distribution in the lighting-up state shown
in FIG. 15A.

[0148] For a driving-beam (high-beam) headlamp, all
LEDs may be caused to light up in this way. In this case, the
illuminance distribution expands to the upward and down-
ward directions, and the maximum illuminance will be
higher.
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<Cases in which there is a Positional Gap Between the
Radiation Port 206 of the First Lens 201 and the Center 215
of the Optical Axis of the Second Lens 211>

[0149] Next, changes in light distribution characteristics in
association with changes in a shift amount between a center
207 of radiation port of first lens 201, and a center 215 of
optical axis of second lens 211 will be described with
reference to FIGS. 16A to 18B.

[0150] FIG. 16A is diagram of a positional relationship
between the radiation port 206 and the second lens 211 in an
illumination unit 300 in which the center 207 of the radiation
port and the center 215 of the optical axis of the second lens
211 agree with each other, when viewed from the side where
the light-emitting element 22 is present.

[0151] FIG. 16B shows a light distribution that is a dis-
tribution of light radiated from the illumination unit 300
shown in FIG. 16A and that is present 25 meters ahead of the
illumination apparatus 300. FIG. 16C shows a light distri-
bution of the light shown in FIG. 16B.

[0152] FIG. 17A shows changes in light distribution char-
acteristics in the X direction in a case in which the second
lens 211 is shifted to a position 0.8 mm away to the right
direction (x-plus direction) in increments of 0.2 mm in the
illumination unit 300 shown in FIG. 16A.

[0153] FIG. 17B shows light distribution characteristics of
a sum of light distributions shown in FIG. 17A.

[0154] FIG. 18A changes in light distribution characteris-
tics in the y direction in a case in which the second lens 211
is shifted to a position 0.4 mm away to the downward
direction (y-minus direction) in increments of 0.1 mm in the
illumination unit 300 shown in FIG. 16A.

[0155] FIG. 18B shows light distribution characteristics of
a sum of light distributions shown in FIG. 18A.

[0156] As seen from FIGS. 17A and 18A, when a shift
amount between the center 207 of the radiation port of the
first lens 201 and the center 215 of the optical axis of the
second lens 211 is varied in increments of a constant
amount, the light distribution angle is also varied in incre-
ments of a constant amount.

[0157] As a result, when the shift amount d between the
center 207 of the radiation port of the first lens 201 and the
center 215 of the optical axis of the second lens 211 is
changed by 0.1 mm, the light distribution angle is changed
by about 7°. Additionally, the shape of the light distribution
is also almost not changed.

[0158] As a result, when the illumination apparatus 200 is
attached to a vehicle (automobile), by changing relative
positions between first lenses 201 and second lenses 211
depending on the turning angle of the steering wheel, light
distribution directions can be changed.

[0159] The shift angle 6 of the light distribution angle with
respect to the shift amount d is inversely proportional to a
thickness t3 of the second lens 211, as seen in Formula 7.

0=85.3*%d/13

[0160] According to Formula 7, when the thickness t3 of
the second lens 211 is 13 mm, and a displacement of the
second lens unit 21 is 3 mm, the light distribution direction
can be changed by 20°.

<Superposition of Light Beams from Multiple [llumination
Units>

[0161] As shown in FIGS. 16B and 16C, when the shift
amount between the center 207 of the radiation port of the
first lens 201 and the center 215 of the optical axis of the

(Formula 7)
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second lens 211 is zero, the light distribution angle is wide,
a light distribution with a dark central portion is likely to
occur in light distribution characteristics in the x direction.
[0162] To the contrary, in light distribution characteristics
shown in FIG. 17B, any decline of light in the central portion
is not present due to superposition of light beams radiated
from the respective units, and thus, an almost rectangular
illuminance distribution is obtained. Therefore, in an illu-
mination apparatus having multiple illumination units, shift
amounts between the centers 207 of the radiation ports of the
first lenses 201 and the centers 215 of the optical axes of the
second lenses 211 are preferably placed in such a manner
that they are gradually varied.

Second Embodiment

[0163] FIG. 19A is a plan view of the shape of the
radiation port 206 in the illumination apparatus according to
the first embodiment. The radiation ports 206 are formed in
the same rectangular shape in all of the first lenses 201.
[0164] FIG. 19B refers to level curves of an illuminance
distribution with regard to the illumination apparatus
according to the first embodiment. That is, FIG. 19B refers
to level curves of an illuminance distribution of a passing-
beam (low-beam) in a case where second lenses 211 are
placed in accordance with the positional relationship of low
beams Lo-1 to Lo-20 shown in FIG. 11B.

[0165] In this case, within an area in which the cutoff line
Lk changes obliquely at an angle, a region L in which
changes in the illuminance in the x direction become mild
and the cutoff line is unclear may be caused.

[0166] This embodiment is one example of solution to the
above problem. Hereinafter, with reference to FIGS. 20A
and 20B, this embodiment will be described. FIG. 20A is a
plan view showing that there are multiple types of shapes of
radiation ports of first lenses 201. That is, one illumination
apparatus has multiple types of radiation ports 206A to 206F.
[0167] The illumination apparatus in this embodiment has
20 illumination units 300. The first lens 201 has 6 types of
radiation ports 206A to 206F. In positions No. 1 to No. 20,
second lenses 211 are placed based on the positional rela-
tionship of low beams Lo-1 to Lo-20 shown in FIG. 11B.
[0168] In twelve positions of Nos. 1 to 12, first lenses 201
each have a radiation port 206A. In three positions of Nos.
13, 19 and 20, first lenses 201 each have a radiation port
206B that is 0.2 mm longer than the radiation port 206A
toward the downward direction. In No. 14, the first lens 201
has a radiation port 206C that is 0.1 mm longer than the
radiation port 206B toward the right direction. In No. 15, the
first lens 201 has a radiation port 206D that is 0.1 mm longer
than the radiation port 206C toward the right direction. In
No. 16, the first lens 201 has a radiation port 206E that is 0.1
mm longer than the radiation port 206D toward the right
direction. In No. 17, the first lens 201 has a radiation port
206F that is 0.1 mm longer than the radiation port 206E
toward the right direction.

[0169] FIG. 20B shows level curves of an illuminance
distribution with regard to the illumination apparatus
according to this embodiment. That is, FIG. 20B refers to
level curves of an illuminance distribution of a passing-
beam (low-beam) in a case where centers 207 of radiation
ports of first lenses 201 and corresponding centers 215 of
optical axes of second lenses 211 in Nos. 1 to 20 are placed
on the condition that each of shift amounts between them is
0.1 mm in the x direction.
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[0170] In the illumination apparatus according to this
embodiment, a clear cutoff line Lk is obtained over the entire
region, and any unclear region L as seen in FIG. 19B is not
present. That is, a clear cutoff line Lk as seen in FIG. 20B
can be formed by using multiple first lenses 201 that have
respective radiation ports 206A to 206F having different
shapes as shown in FIG. 20A. In addition, matters not
described in this embodiment are the same as the first
embodiment.

Third Embodiment

[0171] Although the shape of the radiation port 206 of the
first lens 201 are rectangular in the first and second embodi-
ments, the shape may be a shape formed by deleting a part
of any one of the followings: quadrangle, ellipse, semi-
circle, and semi-ellipse. It is possible to form any illumi-
nance distributions with unlimited shapes based on combi-
nations of these shapes.

[0172] The first and second embodiments can be com-
bined.

<Configuration Base on Free Design>

[0173] In the first and second embodiments, shift amounts
of the centers 215 of optical axes of second lenses 211 with
respect to the centers 207 of radiation ports of first lenses
201 are gradually varied in the arrayed order. However, they
may be varied not in such an arrayed order but in random
order.

[0174] Furthermore, light-emitting elements 22 are placed
in two rows at regular intervals. However, they may be
placed in the other ways. For example, they may be placed
in a circular shape, an S-shape, or any other geometric
configurations.

[0175] By varying the lengths of first lenses 201 with
locations, it also becomes possible to sterically place the
illumination apparatuses 200 in a state in which the light-
emitting elements 22 are mounted on a plan substrate 23.
[0176] FIG. 21 is a partial front view of an illumination
apparatus 200. The illumination apparatus 200 shown in
FIG. 21 has a region in which lenses are placed in 2 row, and
a region in which lenses are placed in 1 row. In ways of
arraying illumination units 300, there is a certain degree of
freedom, and free design is possible. In that case, it is only
necessary to satisfy the relationships between the first lenses
201 and the second lenses 211 that are described in the first
and second embodiments.

[0177] Furthermore, although the multiple first lenses 201
and the multiple second lenses 211 are identical to one
another in the first and second embodiments, their sizes
and/or the like can be varied. Multiple types of light sources
can be combined to form an illumination apparatus. In this
configuration, it is possible to radiate sufficient light even
when any defects are caused in a part of the light-emitting
elements 22.

[0178] As described above, it is possible to change the
directions of optical axes of light-emitting elements 22 with
respect to the direction of the optical axis of the illumination
apparatus in a non-restrictive manner, and multiple lens
units can be placed without no limitations. Furthermore,
since the lump is configured by combining multiple light
sources, it is possible to radiate sufficient light even when
any defects are caused in apart of the light-emitting elements
22.
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Fourth Embodiment

[0179] Hereinafter, with reference to FIGS. 22A to 23G,
the fourth embodiment will be described. In the first to third
embodiments, multiple lens units are used. To the contrary,
a pair of lenses is used in illumination apparatuses 500 and
600 according to this embodiment.

[0180] FIGS. 22A and 22B are lateral views of the illu-
mination apparatus 500. The illumination apparatus 500 has
a first lens 501 and a second lens 511. Although a light-
emitting element 22 is located below the first lens 501, it is
not seen in the figures.

[0181] FIG. 22C is a perspective view of the first lens 501.
On the first lens 501, provided is a step 521 that extends
from the top to the bottom of the lateral surface.

[0182] FIG. 22D is a plan view that shows a radiation port
506 of the first lens 501. The radiation port 506 guides light
from the first lens 501 to the second lens 511. The step 521
appears on the long side of the radiation port 506.

[0183] FIG. 22E shows a light-radiation range 507 of light
according to the illumination apparatus 500. There is a step
within the light-radiation range 507. In the light-radiation
range 507, a low-beam light distribution will appear, and the
light-radiation range 507 exhibits a shape similar to the
shape of the radiation port 506.

[0184] One feature of the illumination apparatus 500 is the
presence of the step 521 on the side surface of the first lens
501 as described above. An edge of the step 521 is also
located on the radiation port 506.

[0185] The illumination apparatus 500 can achieve a low-
beam light distribution based on the pair of the first lens 501
and the second lens 511. For a high-beam illumination
apparatus, another illumination apparatus can be used.
[0186] Furthermore, multiple illumination apparatuses
500 may be used. Matters other than the above-mentioned
matters are the same as the first to third embodiments.
[0187] Next, with reference to FIGS. 23A to 23G, an
illumination apparatus 600, which is a variation example of
the illumination apparatus 500, will be described.

[0188] FIGS. 23A and 23B are lateral views of the illu-
mination apparatus 600. The illumination apparatus 600 has
a first lens 601 and a second lens 611. Although a light-
emitting element 22 is present below the first lens 601, it is
not seen in the figures.

[0189] FIG. 23C is a perspective view of the first lens 601.
On the first lens 601, provided is a step 621 that extends
from the top to the bottom of the side surface.

[0190] FIG. 23D is a plan view that shows a radiation port
606 of the first lens 601. The radiation port 606 guides light
from the first lens 601 to the second lens 611. The step 621
appears on the long side of the radiation port 606.

[0191] FIG. 23E shows a light-radiation range 607 accord-
ing to the illumination apparatus 600. In the light-radiation
range 607, a low-beam light distribution will appear, and the
light-radiation range 607 corresponds to the shape of the
radiation port 606.

[0192] As for a difference between the illumination appa-
ratus 600 and the illumination apparatus 500, there are
tapered parts 631a, 6315, 632¢ and 6324 in a peripheral part
of the radiation port 606 in the illumination apparatus 600,
as seen from FIG. 23D.

[0193] The tapered part 631a is formed on the left-side
corner of the radiation port 606. The tapered part 6315 is
formed on the lower-side corner of the radiation port 606.
The tapered part 632¢ is formed on the right-side corner of
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the radiation port 606. There is no tapered part on the
remaining one side of the radiation port 606. The tapered
parts 632d are formed on the corners of the side surface of
the first lens 601.

[0194] FIG. 23F is an enlarged plan view of the taper part
531a. FIG. 23G is a cross-section view of the taper part
531a. According to such a stair-like shape as shown in the
figures, light will be diffused. As understood from compari-
son between FIGS. 22E and 23E, the peripheral portion of
the irradiation range 607 is broadened (blurred). Thus, the
light-radiation range 607 is broader than the light-radiation
range 507. The low-beam part 608 is clear, and, in peripheral
parts other than the low-beam part 608, the light is broad-
ened and blurred.

Fifth Embodiment

[0195] Next, with reference to FIGS. 24 A to 35B, the fifth
embodiment will be described. FIG. 24A is a lateral view of
an illumination apparatus 700 according to this embodiment.
The illumination apparatus 700 has two illumination units
705. The two illumination units 705 are placed at the left and
right sides assuming an illumination apparatus for automo-
biles. The illumination units 705 each have multiple lens
units 705¢ to 705g. FIG. 24B is a lateral view of one
illumination unit 705 when viewed from a direction different
from FIG. 24 A (from the vertical direction). FIGS. 25A and
25B are lateral views of a lens unit 705q included in the
illumination units 705. The same shall apply to the other lens
units. FIG. 25C is an enlarged cross-section view of a lower
part of the first lens 701 in the lens unit 705a.

[0196] Differences between this embodiment and the
above-described embodiments are mentioned below. Fea-
tures other than the differences mentioned below are the
same as the first to third embodiments.

(1) In the first to third embodiments, the substrates 23 are
planar. To the contrary, the illumination apparatus 700
according to this embodiment has a stair-like substrate 723
as shown in FIGS. 24A and 24B.

(2) In the first to third embodiments, the light-emitting
elements 22 are inclined with respect to the first lenses 101.
To the contrary, in the illumination apparatus 700, light-
emitting surfaces of light-emitting elements 22 are parallel
to respective bottom surfaces (first incident surfaces 702) of
the first lenses 701, as shown in FIG. 25C. As described
above, since the substrate 723 has a stair-like shape, such a
configuration becomes possible. Since light from the light-
emitting elements 22 vertically enters the bottom surfaces of
first lenses 701, the usability of light is higher.

(3) In the multiple lens units 705a to 705g, positional
relationships of the first lenses 701 and the second lenses 711
are the same.

[0197] In each of the lens units 7054 to 705g, a light-
radiated region is predetermined. By switching on and off
the light-emitting elements 22 that are placed below the
respective lens units 705a to 705g, the light-radiation range
can be controlled. In FIGS. 24A and 24B, units 705 each
have seven lens units 7054 to 705g.

[0198] FIGS. 26A to 35B show examples in which light-
radiation ranges are changed by switching on and off the
light-emitting elements 22 that are placed below the respec-
tive lens units 705qa to 705g. Symbols A to G in the figures
show light beams from lens units 705a to 705g, respectively.
However, there is no relationship between the arrangement

May 4, 2017

(positions) of the lens units and light-radiation positions, and
a light-radiation position is set to each of the lens units.

[0199] FIGS. 26A, 28A, 30A, 32A and 34A show light
distributions with regard to left-side illumination units 705.
FIGS. 26B, 28B, 30B, 32B and 34B show light distributions
with regards to right-side illumination units 705. FIGS. 27A,
29A, 31A, 33A and 35A show light distributions of com-
bined light from the right-side and left-side illumination
units 705. FIGS. 27B, 29B, 31B, 33B and 35B show
light-intensity distributions in FIGS. 27A, 29A, 31A, 33A
and 35A, respectively.

[0200] As described above, multiple lens units can also be
placed so that different light-radiation ranges are combined
to form a light-radiation range having a step, as shown in
FIGS. 22E and 23E.

[0201] In the illumination apparatus 700, by switching on
and off light-emitting elements 22 that is placed below each
of the lens units 7054 to 705g, light can be cut off with
respect to a location to which it is not desired to radiate light.
[0202] In addition, as shown in FIGS. 25A and 25B, the
first lens 701 and the second lens 711 may be formed in a
single body in the lens unit 7054. The same shall apply to the
lens units 70556 to 705g. This is because positional relation-
ships between the first lenses 701 and the second lenses 711
are not varied with the respective lens units in the illumi-
nation apparatus 700, in contrast to the first to third embodi-
ments.

[0203] FIGS. 26A to 27B show states in which all the
light-emitting elements 22 that are placed below the respec-
tive lens units 7054 to 705g are caused to light up.

[0204] FIGS. 28A to 29B show cases in which the light-
emitting elements 22 that are placed below the right and left
lens units 705a to 705¢ are switched off so as not to radiate
the light to the center.

[0205] FIGS. 30A to 31B show cases in which the light-
emitting elements 22 that are placed below the left lens units
705a to 705¢ are switched off, and the light-emitting ele-
ments 22 that are placed below the right lens units 705a,
7055 and 7054 are switched off.

[0206] FIGS. 32A to 33B show cases in which all of the
light-emitting elements 22 that are placed below the left lens
units 705a to 705g are switched on (not switched off), and
the light-emitting elements 22 that are placed below the right
lens units 705¢ and 705/ are switched off.

[0207] FIGS. 34A to 35B show cases in which all of the
light-emitting elements 22 that are placed below the left lens
units 705a to 705g are switched on (not switched off), and
the light-emitting elements 22 that are placed below the right
lens units 705f and 705¢ are switched off.

[0208] In the above ways, by switching on and off the
light-emitting elements 22 that are placed below the lens
units 705a to 705g, the light-radiation range can be changed,
and thus, light can be radiated to a targeted-desired region.

[0209] The above-described embodiments can be com-
bined. For examples, lenses in the fourth embodiment may
be used in illumination apparatuses according to the first to
third, and fifth embodiments.

[0210] An illumination apparatus according to the inven-
tion can be used as an illumination apparatus not only for
vehicles but also for a wide variety of transportations.
Furthermore, the illumination apparatus can also be used as
an illumination apparatus for buildings.
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1. An illumination apparatus, comprising:

a light-emitting element;

a first lens that is placed facing the light-emitting element
and that has a radiation port from which a light beam
is emitted; and

a second lens that is placed facing the radiation port,
wherein

the first lens further has
a first incident surface that faces the light-emitting

element and that guides a light beam from the
light-emitting element to the radiation port,

a second incident surface that guides a light beam not
passing through the first incident surface to a direc-
tion toward the outer periphery of the first lens,

a first reflection surface that reflects a light beam from
the second incident surface to guide the light beam to
the radiation port, and

a second reflection surface that reflects a light beam
passing through the first incident surface and then
deviating from a direction toward the radiation port,
and a light beam reflected on the first reflection
surface and then deviating from the direction toward
the radiation portion, to guide these light beams to
the radiation port.

2. The illumination apparatus according to claim 1,
wherein the second lens emits to a defined region the light
beam entering therein from an optical axis.

3. The illumination apparatus according to claim 1,
wherein the first lens collects and radiates the light beams
that enter therein.

4. The illumination apparatus according to claim 1,
wherein a step is provided on a side surface of the first lens.

5. The illumination apparatus according to claim 1,
wherein the shape of the radiation port is quadrangular, and
a step is provided in one side thereof.

6. The illumination apparatus according to claim 1,
wherein parts of sides of the quadrangle of the radiation port
are tapered toward a side surface of the first lens.
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7. The illumination apparatus according to claim 6,
wherein the tapered parts are formed in a staircase pattern.

8. The illumination apparatus according to claim 1,
wherein the radiation port of the first lens has a shape that
is formed by deleting a part of any one of the followings:
quadrangle, ellipse, semi-circle, and semi-ellipse.

9. The illumination apparatus according to claim 1,
wherein the light-emitting element comprises multiple light-
emitting elements, the first lens comprises multiple first
lenses that face the respective multiple light-emitting ele-
ments, and that each have the radiation port, and the second
lens comprises multiple second lenses that are placed facing
the respective radiation ports of the multiple first lenses.

10. The illumination apparatus according to claim 9,
wherein a shift amount between positions of centers of the
radiation ports of the multiple first lenses and corresponding
central axes of the multiple second lenses vary with loca-
tions in the illumination apparatus.

11. The illumination apparatus according to claim 9,
wherein in at least one of the radiation ports of the multiple
first lenses has a shape different from shapes of the other
radiation ports.

12. The illumination apparatus according to claim 9,
wherein one of the multiple first lenses and a corresponding
one of the multiple second lenses form a lens unit, such that
multiple lens units are provided, and the multiple lens units
have respective different light-radiation regions.

13. The illumination apparatus according to claim 12,
wherein the multiple lens units are placed so that the
different light-radiation regions are combined to produce a
stepped light-radiation region.

14. The illumination apparatus according to claim 9,
wherein the radiation ports of the multiple first lenses each
have a shape that is formed by deleting a part of any one of
the followings: quadrangle, ellipse, semi-circle, and semi-
ellipse.

15. (canceled)



