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(54) ILLUMINATION DEVICE

(57) An illumination device that realizes a clear adap-
tive driving beam is provided. This illumination device
includes: a light source that generates laser light; a mov-
able mirror that has a mirror surface reflecting the laser
light and is capable of driving the mirror surface; and a
phosphor that is irradiated with the laser light reflected

by the movable mirror and converts the laser light into
fluorescence. In the laser light with which the phosphor
is irradiated, a rise of an intensity distribution in a scan-
ning direction of the phosphor is steeper than a rise of
an intensity distribution in a vertical direction substantially
perpendicular to the scanning direction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an illumination
device.

BACKGROUND ART

[0002] In recent years, a laser light source has attract-
ed attention as a light source to be applied to an auto-
motive headlight since the laser light source has high
efficiency and high directivity. It is known that, when the
laser light source is applied, light can be distributed with
a high degree of freedom by making use of the high di-
rectivity and by using a movable mirror.
[0003] PTL 1 is cited as a prior document related to
the present invention. PTL 1 discloses a vehicle lighting
fixture, which reciprocally rotates a mirror that reflects
light from a semiconductor light source, controls ON/OFF
of the semiconductor light source for each of a plurality
of dimming sections obtained by dividing a motion cycle
of the mirror, combines such ON/OFF control of the sem-
iconductor light source with a periodic motion of the mir-
ror, and adjusts an illuminance distribution around a ve-
hicle.

Citation List

Patent Literature

[0004] PTL 1: Unexamined Japanese Patent Publica-
tion No. 2010-6109

SUMMARY OF THE INVENTION

[0005] In general, when the laser light source is applied
to an automotive headlight, a phosphor is excited by laser
light emitted from the laser light source, whereby a white
light source is obtained.
[0006] However, PTL 1 mentioned above does not dis-
close a specific laser irradiation method for performing,
for example, an adaptive driving beam (ADB) for a pur-
pose of preventing an oncoming vehicle from being daz-
zled in the automotive headlight using the laser light
source and the phosphor. That is, PTL 1 does not dis-
close a method for narrowing a boundary area between
an area that is irradiated with headlight light and an area
that is not irradiated with the headlight light. And it cannot
realize clear and fine light distribution variation. Hence,
there is a problem that a clear adaptive driving beam
cannot be realized.
[0007] It is an object of the present invention to provide
an illumination device that realizes the clear adaptive
driving beam.
[0008] An illumination device according to an aspect
of the present invention includes: a light source that gen-
erates laser light; a movable mirror that has a mirror sur-

face reflecting the laser light and is capable of driving the
mirror surface; and a phosphor that is irradiated with the
laser light reflected by the movable mirror and converts
the laser light into fluorescence. In the laser light with
which the phosphor is irradiated, a rise of an intensity
distribution in a scanning direction of the phosphor is
steeper than a rise of an intensity distribution in a vertical
direction substantially perpendicular to the scanning di-
rection.
[0009] In accordance with the present invention, in the
laser light directed onto the phosphor, the rise of the in-
tensity distribution in the scanning direction is made
steeper than the rise of the intensity distribution in the
vertical direction substantially perpendicular to the scan-
ning direction. Accordingly, if the scanning direction is
set to a lateral direction in front of the vehicle, then a light
distribution variation, which is clear and fine in the lateral
direction, can be realized. Hence, the light distribution
for the purpose of preventing the oncoming vehicle or
the like from being dazzled can be set clearly and finely,
and dimmed areas on a left outside and a right outside
can be controlled finely. From these results, the clear
adaptive driving beam can be realized.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a front view of a vehicle according to an
exemplary embodiment of the present invention.
FIG. 2 is a configuration diagram of a headlight on
a left side of the vehicle of FIG. 1 when viewed from
a side.
FIG. 3 is diagrams for explaining intensity of laser
excitation light on a phosphor.
FIG. 4 is diagrams showing laser irradiation intensity
on the phosphor when the phosphor is scanned by
using laser light.
FIG. 5 is a schematic diagram showing how a laser
light source emits the laser light.
FIG. 6 is a diagram showing a light distribution pat-
tern that gradually reduces luminosity in an area
close to an outside of the phosphor.
FIG. 7 is a diagram showing a light distribution pat-
tern that reduces the luminosity in the area close to
the outside of the phosphor by using an optical path
difference between a center and outside of the phos-
phor.
FIG. 8 is a configuration diagram of a headlight when
two light sources are used.
FIG. 9 is a diagram showing a light distribution pat-
tern when two light sources are used.
FIG. 10 is diagrams showing a light distribution pat-
tern in which a spot area directed onto the phosphor
is formed into a rectangular shape.
FIG. 11 is a block diagram showing a configuration
for controlling the headlight according to the exem-
plary embodiment of the present invention.
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FIG. 12 is a flowchart showing a control procedure
in a controller of FIG. 10.
FIG. 13 is a diagram showing a road surface irradi-
ation pattern formed by the headlight.

DESCRIPTION OF EMBODIMENT

[0011] Hereinafter, an exemplary embodiment of the
present invention will be described in detail with refer-
ence to the drawings.

EXEMPLARY EMBODIMENT

[0012] FIG. 1 is a front view of a vehicle according to
an exemplary embodiment of the present invention. In
FIG. 1, headlights 2 are disposed on both right and left
sides of a front portion of a body of vehicle 1.
[0013] Headlights 2 are disposed such that an irradia-
tion direction of light is directed to a front of the vehicle.
[0014] Sensor 3 senses whether or not another vehi-
cle, a person or an object is present in front of the vehicle,
and when any one of them is present, also senses a
position of the sensed one of them. Sensor 3 is any of a
camera, a radar, and a sonar, and for example, is dis-
posed behind a windshield rearview mirror.
[0015] FIG. 2 is a configuration diagram of headlight 2
on a left side of the vehicle of FIG. 1 when viewed from
a side. Hereinafter, a configuration of each of headlights
2 will be described with reference to FIG. 2. However, a
configuration of the headlight on a right side of the vehicle
is the same as the configuration of the headlight on the
left side of the vehicle, and accordingly, a detailed de-
scription of the configuration of the headlight on the right
side of the vehicle will be omitted here. Headlight 2 in-
cludes: laser light source 11; movable mirror 12; phos-
phor 13; and light projecting lens 14.
[0016] Laser light source 11 generates laser light, and
irradiates movable mirror 12 with the generated laser
light. Laser light is, for example, blue or blue purple.
[0017] Movable mirror 12 is, for example, a MEMS (Mi-
cro Electro Mechanical System) mirror, and vibrates a
mirror surface at a high speed about one axis or two axes
by control of a controller (not shown). Movable mirror 12
reflects the laser light, which is generated from laser light
source 11, and scans phosphor 13. Note that the descrip-
tion will be made below on the assumption that the mirror
surface vibrates about one axis in a vertical direction.
[0018] Phosphor 13 is irradiated with the laser light re-
flected by movable mirror 12, and generates white light.
Here, phosphor 13 converts the laser light, which is blue,
into the white light, and becomes a white light source.
That is, phosphor 13 converts such blue laser light into
blue diffused light and yellow fluorescence, and gener-
ates the white light. Moreover, when the laser light is blue
purple, phosphor 13 generates the white light by gener-
ating blue fluorescence and yellow fluorescence. Note
that phosphor 13 may convert the laser light not only into
the white light but also into faint yellow light, orange light

and the like.
[0019] Light projecting lens 14 condenses the while
light, which is emitted by phosphor 13, and irradiates the
front of the vehicle.
[0020] FIG. 3 is diagrams for explaining intensity of la-
ser excitation light on phosphor 13. Part (a) of FIG. 3
shows a state in which phosphor 13 is irradiated with the
laser light. As shown by part (a) of FIG. 3, when phosphor
13 is irradiated with the laser light, an elliptical spot area
is formed, which is longer (hereinafter, referred to as "lon-
gitudinally long") in the vertical direction than in a scan-
ning direction (horizontal direction) of scanning phosphor
13.
[0021] Part (b) of FIG. 3 shows a horizontal intensity
distribution, and part (c) of FIG. 3 shows a vertical inten-
sity distribution. In each of part (b) of FIG. 3 and part (c)
of FIG. 3, a width between where beam intensity be-
comes 1/e2 (approximately 13%) of a peak value is re-
ferred to as a beam width. From part (b) of FIG. 3, a
horizontal beam width is 0.17 mm, and from part (c) of
FIG. 3, a vertical beam width is 0.39 mm. As described
above, in the laser light directed onto phosphor 13, the
horizontal beam width is narrower than the vertical beam
width. This indicates that a rise of the intensity distribution
in the scanning direction of scanning the phosphor is
steeper than a rise of the intensity distribution in the ver-
tical direction substantially perpendicular to the scanning
direction.
[0022] FIG. 4 is diagrams showing laser irradiation in-
tensity on phosphor 13 when phosphor 13 is scanned by
using the laser light. FIG. 4 shows a case where a light
shielding area (an area for stopping the irradiation of the
laser light) is provided in a vicinity of a center of phosphor
13 so that a spot shape of the laser light on phosphor 13
can be easily understood. Part (a) of FIG. 4 shows laser
irradiation intensity when phosphor 13 is scanned in a
longitudinally long spot area, and part (b) of FIG. 4 shows
laser irradiation intensity when phosphor 13 is scanned
in a spot area that is laterally long (longer in the horizontal
direction than in the vertical direction). In each of part (a)
of FIG. 4 and part (b) of FIG. 4, an axis of ordinates of
the graph shows light intensity at a half of a height of
phosphor 13, and an axis of abscissas of the graph shows
a position of phosphor 13 in the horizontal direction.
[0023] As seen from part (a) of FIG. 4 and part (b) of
FIG. 4, clarity and fineness of a light distribution variation
in the horizontal direction depend on the spot shape of
the laser light directed onto the phosphor. With a spot
shape that is thin in the horizontal direction, an irradiation
area can be finely adjusted in the horizontal direction.
That is, as shown in part (a) of FIG. 4, phosphor 13 is
scanned by the longitudinally long spot area thin in the
horizontal direction, whereby the irradiation area can be
formed finely in the horizontal direction. Meanwhile, as
seen from part (b) of FIG. 4, when phosphor 13 is scanned
by a laterally long spot area thick in the horizontal direc-
tion, the irradiation area cannot be finely adjusted in the
horizontal direction.
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[0024] FIG. 5 is a schematic diagram showing how la-
ser light source 11 emits the laser light. When a current
flows through a semiconductor laser serving as laser light
source 11, laser light is irradiated from active layer La
sandwiched between p-type clad layer Lp and n-type clad
layer Ln. Active layer La is extremely thin with respect to
a current injection width, and accordingly, as shown in
FIG. 5, the laser light immediately after being emitted
from active layer La has a near field pattern that has an
ellipse shape in which a major axis is located along a line
where an emitting portion of active layer La is formed. In
this exemplary embodiment, phosphor 13 is irradiated
with the near field pattern. Hence, laser light source 11
is disposed so that a plane of the active layer is perpen-
dicular to the scanning direction. In this way, an elliptical
spot area can be formed without requiring a special op-
tical member.
[0025] Note that, after being emitted from active layer
La, the laser light has a far field pattern that has an ellipse
shape, in which an orientation is changed by 90° due to
diffraction, and that has a major axis that is perpendicular
to a line where the emitting portion of active layer La is
formed. Therefore, when phosphor 13 is irradiated with
the far field pattern, laser light source 11 just needs to
be disposed so that the plane of the active layer is parallel
to the scanning direction.
[0026] Next, with reference to the drawings, a descrip-
tion will be made of a case of changing a light distribution
pattern of headlight 2.
[0027] FIG. 6 is a diagram showing a light distribution
pattern that gradually reduces luminosity in an area close
to an outside of phosphor 13. Laser light source 11 is
gradually darkened as getting closer to an outside of a
scanning range of phosphor 13 by reducing the luminos-
ity (the intensity of the laser light) in an area closer to the
outside than a center of the scanning range concerned.
Looking at this state as a whole from a bird’s-eye view,
an outline of the outside light looks blurred, and there is
no sudden reduction of the luminosity at an edge of a
viewing field of a driver. Moreover, in headlight 2, phos-
phor 13 is scanned by the longitudinally long elliptical
spot area, and accordingly, such blurring of the outline
of the outside light can be finely controlled. That is, head-
light 2 can combine a clear adaptive driving beam and a
blurred natural light distribution with each other. As a re-
sult, the driver can drive the vehicle with ease.
[0028] FIG. 7 is a diagram showing a light distribution
pattern that reduces the luminosity in the area close to
the outside of phosphor 13 by using an optical path dif-
ference between the center and outside of phosphor 13.
Here, laser light source 11 is disposed so that an optical
path length when the laser light is directed onto the center
of the scanning range of phosphor 13 is shorter than an
optical path length when the laser light is directed onto
the area close to the outside of the scanning range of
phosphor 13. Due to a difference between the optical
path lengths, that is, the optical path difference, as shown
in FIG. 7, a spot width of the laser light becomes small

at the center of the scanning range of phosphor 13, and
the intensity of the laser light is increased, and at the area
close to the outside of phosphor 13, the optical path be-
comes longer than at the center of phosphor 13, and
accordingly, the spot width of the laser light is widened,
and the intensity of the laser light is decreased. In this
way, there is no sudden reduction of the luminosity at the
edge of the viewing field of a driver. That is, headlight 2
can combine the clear adaptive driving beam and the
blurred natural light distribution with each other. As a re-
sult, the driver can drive the vehicle with ease. Moreover,
it is unnecessary to finely control the light distribution in
the area close to the outside of phosphor 13.
[0029] FIG. 8 is a configuration diagram of headlight 2
when two light sources are used. Headlight 2 shown in
FIG. 8 is obtained by adding laser light source 15 for a
fixed light source to the configuration of FIG. 2. Laser
light source 15 generates laser light, and irradiates phos-
phor 13 with the generated laser light. Laser light is, for
example, blue or blue purple. Laser light source 15 per-
forms the irradiation with the far field pattern.
[0030] FIG. 9 is a diagram showing a light distribution
pattern when two light sources are used. As mentioned
above, laser light source 15 is used as the fixed light
source, and phosphor 13 is scanned by using the longi-
tudinally long spot area formed by laser light source 11.
Laser light source 15 irradiates the center and its vicinity
of the scanning range of phosphor 13. Moreover, laser
light source 15 does not form a light shielding area for
an oncoming vehicle or the like, but forms a light distri-
bution pattern having a wider irradiation range in a lateral
direction than an irradiation range in the vertical direction
by means of one light source, and accordingly, it is pref-
erable that the spot area directed by laser light source
15 onto phosphor 13 be an ellipse longer in the horizontal
direction than in the vertical direction. In this way, dis-
tance visibility of the driver can be enhanced, and in par-
ticular, safety during high speed traveling can be en-
hanced. Moreover, the light distribution in the area close
to the outside of phosphor 13 can be finely controlled.
Note that laser light source 11 corresponds to an example
of a first light source according to the present invention,
and laser light source 15 corresponds to a second light
source according to the present invention.
[0031] FIG. 10 is diagrams showing a light distribution
pattern in which the spot area directed onto phosphor 13
is formed into a rectangular shape. Part (a) of FIG. 10
shows a state in which phosphor 13 is irradiated with the
laser light. Part (b) of FIG. 10 shows a horizontal intensity
distribution, and part (c) of FIG. 10 shows a vertical in-
tensity distribution. Formation of such a spot area as
shown in part (a) of FIG. 10 can be realized by passing
the laser light through a collimator lens or a cylindrical
lens. Also in this light distribution pattern, the rise of the
intensity distribution in the scanning direction of scanning
the phosphor can be made steeper than the rise of the
intensity distribution in the vertical direction substantially
perpendicular to the scanning direction. The light distri-
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bution pattern is effective, for example, for a case of such
an optical configuration in which the near field pattern of
laser light source 11 cannot be taken over on the phos-
phor as in a mode of guiding the laser light, which is
emitted from laser light source 11, by means of a fiber.
[0032] As described above, headlight 2 prepares a va-
riety of light distribution patterns, and switches the light
distribution pattern in response to positions of another
vehicle and a person, whereby dazzling to another vehi-
cle or a person in front of the vehicle can be prevented,
and a good viewing field of the driver can be maintained.
[0033] FIG. 11 is a block diagram showing a configu-
ration for controlling headlight 2 according to the exem-
plary embodiment of the present invention. Operating
unit 21 is a switch that switches ON/OFF of headlight 2.
[0034] Memory 22 stores a plurality of light distribution
patterns of laser light source 11, which correspond to
positions where another vehicle such as a preceding ve-
hicle and an oncoming vehicle or a person is present in
front of the headlight, that is, in the irradiation direction
of the white light.
[0035] Sensor 3 senses whether or not another vehicle
or a person is present in front of the vehicle, and when
another vehicle or a person is present, also senses a
position of the sensed vehicle or person.
[0036] Laser light source 11 switches an output of the
laser light in accordance with the control of controller 23.
[0037] Movable mirror 12 switches a vibration speed
of the mirror concerned in accordance with the control of
controller 23.
[0038] When operating unit 21 switches headlight 2 to
ON, controller 23 receives an input of an ON signal, ac-
quires, from sensor 3, sensing information as to whether
or not another vehicle or a person is present in front of
the headlight, and also acquires position information on
the other vehicle or the person when the other vehicle or
the person is present. When the other vehicle or the per-
son is present in front of the headlight, controller 23 reads
out the light distribution pattern of laser light source 11,
which corresponds to the position of the other vehicle or
the person, from memory 22, and controls the output of
laser light source 11 in accordance with the readout light
distribution pattern. That is, controller 23 controls the in-
tensity of the laser light in response to an irradiation po-
sition in the scanning direction. Moreover, when the other
vehicle or the person is present in front of the headlight,
controller 23 controls laser light source 11 to stop or sup-
press the irradiation of the laser light onto the position of
the other vehicle or the person, which is defined as the
light shielding area.
[0039] FIG. 12 is a flowchart showing a control proce-
dure in controller 23 of FIG. 11. In step S01, controller
23 determines whether or not to have received the ON
signal, which indicates that headlight 2 is ON, from op-
erating unit 21. When controller 23 has received the ON
signal (step S01: YES), controller 23 proceeds to step
S02, and when controller 23 has not received the ON
signal (step S01: NO), controller 23 end the processing.

[0040] In step S02, controller 23 activates laser light
source 11 and movable mirror 12, and in step S03, con-
troller 23 acquires such sensing information, which indi-
cates that the other vehicle (a preceding vehicle or an
oncoming vehicle), the person, an obstacle or the like is
detected in front of the headlight, from sensor 3.
[0041] In step S04, controller 23 determines whether
or not a place concerned is to be shielded or dimmed
based on the sensing information acquired in step S03.
That is, when the sensing information indicates the other
vehicle or the person, controller 23 determines that the
place concerned is to be shielded or dimmed. When the
place is to be shielded or dimmed (step S04: YES), con-
troller 23 proceeds to step S05, and when the place is
not to be shielded or dimmed (step S04: NO), controller
23 proceeds to step S06.
[0042] In step S05, controller 23 reads out, from mem-
ory 22, such a light distribution pattern that suppresses
the distribution of the irradiation light, and controls laser
light source 11 in accordance with the readout light dis-
tribution pattern.
[0043] In step S06, controller 23 reads out, from mem-
ory 22, such a light distribution pattern that does not sup-
press the distribution of the irradiation light, and controls
laser light source 11 in accordance with the readout light
distribution pattern.
[0044] In step S07, controller 23 determines whether
or not to have received an OFF signal, which turns OFF
headlight 2, from operating unit 21. When controller 23
has received the OFF signal (step S07: YES), controller
23 proceeds to step S08, and when controller 23 has not
received the OFF signal (step S07: NO), controller 23
returns to step S03.
[0045] In step S08, controller 23 stops laser light
source 11 and movable mirror 12, and ends the process-
ing of the control procedure.
[0046] FIG. 13 is a diagram showing a road surface
irradiation pattern formed by headlight 2. As shown in
FIG. 13, a front left side of vehicle 1 forms a long irradi-
ation area, and a front right side of vehicle 1 forms a short
irradiation area. In this way, a pedestrian or an obstacle,
which passes through the front left side of vehicle 1, can
be illuminated from a distant position, and meanwhile,
dazzling can be prevented from being given to a vehicle
that faces the right side of vehicle 1 or a nearby pedestrian
(not shown).
[0047] As described above, in accordance with this ex-
emplary embodiment, the rise of the intensity distribution
in the scanning direction for the spot area formed by the
laser light directed onto the phosphor is made steeper
than the rise of the intensity distribution in the vertical
direction substantially perpendicular to the scanning di-
rection, and the phosphor is scanned by using this spot
area, whereby the clear adaptive driving beam can be
realized.
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INDUSTRIAL APPLICABILITY

[0048] The present invention is useful for realizing the
clear adaptive driving beam.

REFERENCE MARKS IN THE DRAWINGS

[0049]

1 vehicle
2 headlight
3 sensor
11, 15 laser light source
12 movable mirror
13 phosphor
14 light projecting lens
21 operating unit
22 memory
23 controller

Claims

1. An illumination device comprising:

a light source that generates laser light;
a movable mirror that has a mirror surface re-
flecting the laser light and is capable of driving
the mirror surface; and
a phosphor that is irradiated with the laser light
reflected by the movable mirror and converts the
laser light into fluorescence,
wherein, in the laser light with which the phos-
phor is irradiated, a rise of an intensity distribu-
tion in a scanning direction of the phosphor is
steeper than a rise of an intensity distribution in
a vertical direction substantially perpendicular
to the scanning direction.

2. The illumination device according to claim 1, wherein
a spot area of the laser light with which the phosphor
is irradiated is a substantial ellipse longer in the ver-
tical direction than in the scanning direction.

3. The illumination device according to claim 1, wherein
the light source has an active layer that emits the
laser light, and is disposed so that a plane of the
active layer is perpendicular to the scanning direc-
tion.

4. The illumination device according to claim 1, further
comprising a controller that controls intensity of the
laser light according to an irradiation position in the
scanning direction.

5. The illumination device according to claim 1, wherein
the light source irradiates the phosphor with the laser
light so that intensity of the laser light is lower in an

area close to an outside of a scanning range of the
phosphor than in a center of the scanning range.

6. The illumination device according to claim 5, wherein
the light source decreases the intensity of the laser
light by control of an output of the laser light.

7. The illumination device according to claim 5, wherein

the light source is disposed so that an optical
path length is shorter when the center of the
scanning range of the phosphor is irradiated with
the laser light than when the area close to the
outside of the scanning range of the phosphor
is irradiated with the laser light, and
due to a difference in the optical path length, the
laser light is irradiated so that the intensity of the
laser light is lower in the area close to the outside
of the scanning range of the phosphor than in
the center of the scanning range.

8. The illumination device according to claim 1, wherein

the light source includes:

a first light source that generates first laser
light as the laser light; and
a second light source that fixedly irradiates
an area of the phosphor that is closer to the
center than the outside with second laser
light.

9. The illumination device according to claim 8, wherein
a spot area of the second laser light with which the
phosphor is irradiated is a substantial ellipse longer
in the scanning direction than in the vertical direction.

9 10 
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