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(54) LIGHTING DEVICE FOR VEHICLE

(67)  Disclosed is a lighting device for vehicle, includ-
ing: a lens; a light source device configured to emit light;
a first reflection unit configured to emit the light emitted
by the light source device to arear of the lens; a reflective
phosphor disposed at the rear of the lens and configured
to convert a wavelength of the light reflected by the first
reflection unit and reflect the wavelength-converted light
toward the lens; a second reflection unit configured to

FIG. 1

reflect a part of the light, reflected by the reflective phos-
phor toward the lens, toward the rear of the lens; a sens-
ing unit configured to sense the light reflected by the sec-
ond reflection unit toward the rear of the lens; and a con-
troller configured to control the light source device based
on a sensing value of the sensing unit. The lighting device
may minimize emission of harmful light to the outside and
improve safety.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2016-0074107, filed on
June 14, 2016 in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the invention

[0002] The present invention relates to a lighting de-
vice for vehicle, and more particularly to a lighting device
for vehicle which converts a wavelength of light emitted
by a light source and emits the wavelength-converted
light to the outside.

2. Description of the Related Art

[0003] A lighting device, such as alamp, is installed in
a vehicle so as to assist a driver to secure a field of vision
by increasing surrounding illumination intensity or notify
a current driving state of the vehicle to the outside.
[0004] Thelightingdeviceinstalledinthe vehicle (here-
inafter, referred to as a lighting device for vehicle) may
include a head lamp which emits light toward the front of
the vehicle, and a rear lamp which indicates the direction
of travel of the vehicle or notifies the operation or non-
operation of a brake.

[0005] The lighting device for vehicle may form a low
beam or a high beam to ensure a driver’s field of vision
during night driving. Recently, the use of light-emitting
diodes (LEDs) having high power efficiency and a long
lifespan tends to increase.

[0006] Meanwhile, alaser diode with an irradiation dis-
tance longer than that of an LED can be used as a light
source of the lighting device for vehicle.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide
a lighting device for vehicle, which improves safety by
minimizing emission of harmful light to the outside.

[0008] In one general aspect, there is provided a light-
ing device for vehicle, including: a lens; a light source
device configured to emit light; a first reflection unit con-
figured to emit light emitted by the light source device to
a rear of the lens; a reflective phosphor disposed at the
rear of the lens and configured to convert a wavelength
of light reflected by the first reflection unit and reflect the
wavelength-converted light toward the lens; a second re-
flection unit configured to reflect a part of the light, which
is reflected by the reflective phosphor toward the lens,
toward the rear of the lens; a sensing unit configured to
sense the light reflected by the second reflection unit to-
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ward the rear of the lens; and a controller configured to
control the light source device based on a sensing value
of the sensing unit.

[0009] The reflective phosphor may be disposed to
face a rear surface of the lens, and reflect light toward
the rear surface of the lens.

[0010] The reflective phosphor may be disposed on an
optical axis of the lens.

[0011] Thefirstreflection unitandthe second reflection
unit may be provided on a front surface of the lens.
[0012] The lens may have a convex front surface, and
each of the first reflection unit and the second reflection
unit may have an arc-shaped cross section.

[0013] Each of the first reflection unit and the second
reflection unit may be a concave mirror formed on a front
surface of the lens.

[0014] Thefirstreflection unitandthe second reflection
unit may be provided on a front surface of the lens, and
the first reflection unit and the second reflection unit may
be spaced apart from each other.

[0015] Thefirstreflection unitandthe second reflection
unit may be symmetrical to each other with respect to an
optical axis of the lens.

[0016] Thefirstreflection unitandthe second reflection
unit may be at the same distance from an optical axis of
the lens.

[0017] Thefirstreflection unitandthe second reflection
unit may be at different distances from an optical axis of
the lens.

[0018] Each of the first reflection unit and the second
reflection unit may be an anti-reflection coating layer
coated on afront surface of the lens, except for an optical
axis of the lens.

[0019] Each of the first reflection unit and the second
reflection unit may be a reflection sheet attached to a
front surface of the lens, except for an optical axis of the
lens.

[0020] The sensing unit may be disposed behind the
lens.

[0021] The sensing unit may be disposed off an optical
axis of the lens.

[0022] The sensing unit may be disposed on an optical
axis of the lens.

[0023] The sensing unit may include: a first filter con-

figured to allow blue light to pass therethrough; a first
light sensor configured to sense light passing through
the first filter; a second filter configured to block the blue
light; and a second light sensor configured to sense light
passing through the second filter.

[0024] The lighting device may further include a third
filter disposed in front of the first filter and the second
filter to sensitize light directed toward the first filter and
the second filter.

[0025] The controller may turn off the light source de-
vice when light exceeding a reference value is sensed
by the first light sensor.

[0026] The controller may turn off the light source de-
vice when light equal to or less than a reference value or
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no light is sensed by the second light sensor.

[0027] In addition, as the sensing lens is able to be
disposed off the lens, it is possible to place the reflective
phosphor and the lens at a short distance and minimize
an overall length of the lighting device.

[0028] In addition, as the first reflection unit and the
second reflection unit are provided on the front surface
of the lens, it is possible to minimize the number of com-
ponents of the lighting device and make the lighting de-
vice for vehicle compact, compared to the case where
the first reflection unit and the second reflection unit are
spaced apart from the lens.

[0029] In addition, as the first reflection unit and the
second reflection unit are spaced apart from each other,
it is possible to secure a region other than the first reflec-
tion unit and the second reflection unit as a light exit re-
gion large enough

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1is aconfiguration diagramillustrating a lighting
device for vehicle according to an embodiment of
the present invention.

FIG. 2 is a configuration diagram illustrating an op-
tical path of a lighting device for vehicle according
to an embodiment of the present invention.

FIG. 3 is a perspective view illustrating a lighting de-
vice for vehicle according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] Hereinafter, specific embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0032] FIG. 1 is a configuration diagram illustrating a
lighting device for vehicle according to an embodiment
ofthe presentinvention, FIG. 2 is a configuration diagram
illustrating an optical path of a lighting device for vehicle
according to an embodiment of the present invention,
and FIG. 3 is a perspective view illustrating a lighting
device for vehicle according to an embodiment of the
present invention.

[0033] A lighting device for vehicle may include a light
source device 1, a first reflection unit 2, a lens 3, a re-
flective phosphor 4, a second reflection unit 6, a sensing
unit 7, and a controller 8. The lighting device may con-
stitute a headlamp for vehicle and may be used as a high
beam emitting device for generating a high beam or as
a low beam emitting device for generating a low beam.
[0034] The light source device 1 may emit light. The
lighting device 1 may emit light toward the first reflection
unit 2. The light source device 1 may emit light toward
the lens 3, and the light emitted toward the lens 3 may
pass through the lens 3 and be then incident on the first
reflection unit 2. The light source device 1 may emit light
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toward a rear surface 32 of the lens 3, and the light inci-
dent on the rear surface 32 of the lens 3 by the light
source device 1 may pass through the lens 3 and be then
incident on a rear surface of the first reflection unit 2.
[0035] The light source device 1 may include a light
source 10. The light source 10 may receive electrical
energy and convert the electrical energy into optical en-
ergy, and may be a light-emitting source, such as an ultra
high voltage (UHV) mercury lamp, a light-emitting diode
(LED), or a laser diode (LD).

[0036] It is preferable that the light source 10 has ex-
cellent straightness and high efficiency and enables long-
distance irradiation. The light source 10 is preferably a
laser diode. It is preferable that the laser diode used as
the light source 10 emits blue-based light having high
efficiency.

[0037] As illustrated in FIG. 3, the light source 10 may
be connected to a heat dissipation member 11 which
dissipates heat generated by the light source 10. The
heat dissipation member 11 may include a contact plate
which comes into contact with the light source 10, and a
heat dissipation fin which protrudes from the contact
plate.

[0038] The light source device 1 may further include a
reducer 12 which reduces a diameter of light emitted by
the light source 10 and then emits the light toward the
first reflection unit 2. In the case where the light source
device 1includes both the light source 10 and the reducer
12, the light emitted by the light source 10 may pass
through the reducer 12 and be then emitted toward the
first reflection unit 2. In the case where the light source
device 1 includes only the light source 10 without the
reducer 12, the light emitted by the light source 10 may
be emitted toward the first reflection unit 2.

[0039] The reducer 12 may be disposed between the
lens 3 and the light source 10. The reducer 12 may be
disposed between the rear surface 32 of the lens 3 and
the front surface of the light source 10, so that the reducer
12 is spaced apart from each of the lens 3 and the light
source 10.

[0040] The reducer 12 may be spaced apart from the
optical axis X of the lens 3. A part of the reducer 12 may
be on the optical axis X of the lens 3, but the optical axis
P of the reducer 12 may be spaced apart from the optical
axis X of the lens 3.

[0041] The reducer 12 may be disposed behind the
lens 3 and emit light in a direction parallel with the optical
axis X of the lens 3. The optical axis P of the reducer 12
may be parallel to the optical axis X of the lens 3.
[0042] Thereducer 12 may include: a firstreducer lens
20 configured to reduce a width of light emitted by the
light source 10; and a second reducer lens 25 being
spaced apart fromthe firstreducerlens 20 and configured
to reduce a width of the light emitted by the first reducer
lens 20.

[0043] The first reducer lens 20 includes a light en-
trance surface 21 and a light exit surface 22, and the
second reducer lens 25 includes a light entrance surface
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26, and a light exit surface 27.

[0044] The light exit surface 22 of the first reducer lens
20 and the light entrance surface 26 of the second re-
ducer lens 25 may be spaced apart from each other. The
light exit surface 22 of the first reducer lens 20 and the
light entrance surface 26 of the second reducer lens 25
may be spaced apart from each other in a direction par-
allel to the optical axis X of the lens 3. The first reducer
lens 20 and the second reducer lens 25 may be spaced
apart from each other with air therebetween.

[0045] The firstreducerlens 20 and the second reduc-
er lens 25 may be spaced apart from each other in the
front-rear direction. The light exit surface 22 of the first
reducer lens 20 and the light entrance surface 26 of the
second reducer lens 25 may be spaced apart from each
other in the font-rear direction.

[0046] The first reducer lens 20 may be disposed be-
tween the light source 10 and the second reducer lens
25, and the second reducer lens 25 may be disposed
between the first reducer lens 20 and the lens 3.

[0047] Thelightentrance surface 21 of the firstreducer
lens 20 may face the light source 10.

[0048] The optical axis P of the first reducer lens 20
may coincide with the optical axis of the second reducer
lens 25.

[0049] The light exit surface 27 of the second reducer
lens 25 may face the rear surface 32 of the lens 3. It is
preferable that the light exit surface 27 of the second
reducer lens 25 does not face a heat dissipation member
42 or the reflective phosphor 4.

[0050] Each of the firstreducerlens 20 and the second
reducerlens 25 may have a convex light entrance surface
on which light is to be incident. Each of the first reducer
lens 20 and the second reducer lens 25 may have a con-
cave light exit surface through which light is to be emitted.
[0051] Therear surface of the first reducer lens 20 may
be the light entrance surface 21, and the light entrance
surface 21 may be a curved surface that is convex toward
the rear of the first reducer lens 20. Light incident from
the light source 10 may be refracted from the convex light
entrance surface 21, and light passing through the first
reducer lens 20 may be gradually reduced in width, as
illustrated in FIG. 2.

[0052] The front surface of the first reducer lens 20
may be the light exit surface 22, and the light exit surface
22 may be a curved surface that is concave toward the
rear of the first reducer lens 20. The front surface of the
firstreducerlens 20 may be the light exit surface 22 which
is concave entirely or only at the center thereof.

[0053] A part of the light exit surface 22 of the first re-
ducer lens 20 may face the light entrance surface 26 of
the second reducer lens 25.

[0054] The rear surface of the second reducer lens 25
may be the light entrance surface 26, and the light en-
trance surface 26 may be a curved surface that is convex
toward the rear of the second reducer lens 25. Light emit-
ted by the first reducer lens 20 and passing through the
air between the first reducer lens 20 and the second re-
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ducer lens 25 may be refracted from the convex light
entrance surface 26 of the second reducer lens 25, and
the light passing through the second reducer lens 25 may
be gradually reduced in width.

[0055] The front surface of the second reducer lens 25
may be the light exit surface 27, and the light exit surface
27 may be a curved surface that is concave toward the
rear of the second reducer lens 25. The front surface of
the second reducer lens 25 may be the light exit surface
27 which is convex entirely or only at the center thereof.
[0056] The entire light emitting surface 27 of the sec-
ond reducer lens 25 may face the rear surface 32 of the
lens 3.

[0057] A diameter D2 of the second reducer lens 25
may be smaller than a diameter D1 of the first reducer
lens 20. A thickness T2 of the second reducer lens 25
may be thinner than a thickness T1 of the first reducer
lens 20. As light is reduced in the first reducer lens 20,
the second reducer lens 25 may be smaller than the first
reducer lens 20 so as to enhance utilization of ambient
space.

[0058] A curvature of the light entrance surface 21 of
the first reducer lens 20 may be equal to or different from
a curvature of the light entrance surface 26 of the second
reducer lens 25.

[0059] A degree of reduction in width of light passing
through the first reducer lens 20 may be greatly affected
by a curvature of the light entrance surface 21 of the first
reducer lens 20. If the light entrance surface 21 of the
first reducer lens 20 has a greater curvature, a degree
of reduction in width of light passing through the first re-
ducer lens 20 may be greater. That is, if the light reducer
lens 20 has a grater curvature, it is possible to further
reduce the size of the second reducer lens 25, the first
reflection unit 2, and the lens 3, respectively.

[0060] Light of which width is first reduced by the first
reducer lens 20 may be incident on the light entrance
lens 26 of the second reducer lens 25. It is preferable
that the light entrance surface 26 of the second reducer
lens 25 is configured not to reduce the width of the light
excessively.

[0061] In the case where a curvature of the light en-
trance surface 21 of the first reducer lens 20 is different
from a curvature of the light entrance surface 26 of the
second reducer lens 25, itis preferable that the curvature
of the light entrance surface 21 of the first reducer lens
20 is greater than the curvature of the light entrance sur-
face 26 of the second reducer lens 25.

[0062] A curvature of the light exit surface 22 of the
first reducer lens 20 may be equal to or different from a
curvature of the light exit surface 27 ofthe second reducer
lens 25.

[0063] A width of the light emitted by the first reducer
lens 20 may be varied according to the curvature of the
light exit surface 22 of the first reducer lens 20.

[0064] The light exit surface 22 of the first reducer lens
20 may have a curvature where light passing through the
light exit surface 22 is emitted in a direction parallel to
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the optical axis X of the lens 3. The light exit surface 22
of the first reducer lens 20 may have a curvature where
a width of light passing through the light exit surface 22
is reduced between the light exit surface 22 and the light
exit surface 26.

[0065] Lightincident on the first reflection unit 2 may
have a different width according to a curvature of the light
exit surface 27 of the second reducer lens 25. It is pref-
erable that the light exit surface 27 of the second reducer
lens 25 is in a shape which allows light passing through
the light exit surface 27 to be incident on the first reflection
unit 2 in a direction parallel to the optical axis X of the
lens 3.

[0066] In the case where a curvature of the light exit
surface 22 of the first reducer lens 20 is different from a
curvature of the light exit surface 27 of the second reducer
lens 25, it is preferable that the curvature of the light exit
surface 27 of the second reducer lens 25 is greater than
the curvature of the light exit surface 22 of the firstreducer
lens 20.

[0067] The first reflection unit 2 may be provided to
reflectincident light toward the reflective phosphor4. The
first reflection unit 2 may reflect light, which is emitted by
the light source device 1, toward the rear of the lens 3.
The light reflected by the first reflection unit 2 toward the
rear of the lens 3 may be incident on the reflective phos-
phor 4. The first reflection unit 2 will be described in detail
later.

[0068] The lens 3 may be formed larger than each of
the reflective phosphor 4, the first reflection unit 2, and
the second reflection unit 6. The lens 3 may be disposed
in front of the reflective phosphor 4 to protect the reflective
phosphor 4, the first reflection unit 2, and the second
reflection unit 6.

[0069] The lens 3 may be have a circular or polygonal
shape. The lens 3 may include a front surface 31, a rear
surface 32, and a circumferential surface 33. The front
surface 31 of the lens 3 may be a curved surface that is
convex toward the front of the lens 3, and the rear surface
32 of the lens 3 may be a curved surface that is concave
toward the front of the lens 3. The lens 3 may have the
optical axis X. The lens 3 may be a condenser lens having
a convex front surface 31, and the front surface of the
lens 3 may be symmetrical with respect to the optical axis
X of the lens 3. The optical axis X of the lens 3 may mean
a rotational symmetry axis or a central axis of the lens 3.
The optical axis X of the lens 3 may mean a straight line
passing through the center of the front surface 31 of the
lens 3 and the center of the rear surface 32 of the lens 3.
[0070] The reflective phosphor 4 may be disposed be-
hind the lens 3, and a wavelength of light reflected by the
first reflection unit 2 may be reflected by the reflection
phosphor 4 toward the lens 3.

[0071] Since the reflective phosphor 4 may generate
heat during the wavelength conversion of the light, it is
preferable that the reflective phosphor 4 is spaced apart
from the lens 3. The reflective phosphor 4 may be dis-
posed behind the lens 3 and spaced apart from the lens 3.
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[0072] The reflective phosphor 4 may be disposed to
face the rear surface 32 of the lens 3, and may reflect
light toward the rear surface 32 of the lens 3. The reflec-
tive phosphor 4 may be disposed on the optical axis X
of the lens 3 and spaced apart from the rear surface 32
of the lens 3. The front surface of the reflective phosphor
4 may be parallel to the rear surface 32 of the lens 3.
[0073] The reflective phosphor 4 may be disposed ec-
centric to the optical axis X of the lens 3. However, in this
case, the efficiency is low because a region of the lens
3 through which the light reflected by the reflective phos-
phor 4 passes is smaller than in the case where the re-
flective phosphor 4 is disposed on the optical axis X of
the lens 3.

[0074] In addition, if the reflective phosphor 4 is dis-
posed eccentric to the optical axis X of the lens 3, aregion
of a projection lens 5 through which the light reflected by
the reflective phosphor 4 passes may be asymmetrical
to the rest region of the projection lens 5. In this case, it
may be complicated and inexpensive to manufacture the
projection lens 5. However, if the reflective phosphor 4
is disposed on the optical lens 3, the projection lens 5
may be symmetrical with respect to the optical lens X of
the lens 3 and it may reduce manufacturing costs of the
projectionlens 5. Thatis, itis preferable that the reflective
phosphor 4 is disposed on the optical axis X of the lens 3.
[0075] The reflection phosphor 4 may include a wave-
length conversion layer disposed to face the rear surface
32 of the lens 3, and a reflection unit disposed at the rear
of the wavelength conversion layer.

[0076] The wavelength conversion layer may be a
wavelength conversion film and may include an opto ce-
ramic. The wavelength conversion layer may be dis-
posed in front of the reflection unit and convert a wave-
length of light reflected by the first reflection unit 2. The
wavelength conversion layer may be a wavelength con-
version film that converts blue-base light, which is inci-
dent from the outside, into yellow-based light. The wave-
length conversion layer may include a yellow-based opto
ceramic.

[0077] The reflection unit may include a plate and a
reflective coating layer coated on an outer surface of the
plate. The plate may be made of a metal. The reflection
unit may support the wavelength conversion layer, and
light passing through the wavelength conversion layer
may be reflected by the reflection unit toward the rear
surface 32 of the lens 3.

[0078] When blue-based light is reflected by the first
reflection unit 2 toward the reflective phosphor 4, a part
of the blue-based light is reflected from the surface of the
wavelength conversion layer. In this case, the blue-based
light incident into the wavelength conversion layer may
be excited in the wavelength conversion layer and re-
flected by the reflection unit toward the front of the wave-
length conversion layer.

[0079] The blue-based light reflected from the surface
of the wavelength conversion layer and the yellow-based
light emitted toward the front of the wavelength conver-



9 EP 3 282 172 A1 10

sion layer may be mixed together, and white-based light
may be emitted toward the front of the reflective phosphor
4. The white-based light may pass through the lens 3 and
be then emitted toward the front of the lens 3.

[0080] A distance L1 between the reflective phosphor
4 and the lens 3 may determine an overall width of the
lighting device for vehicle. It is preferable that the reflec-
tive phosphor 4 is disposed close to the lens 3 within a
range where heat damage to the lens 3 can be minimized.
[0081] The heat dissipation member 42 for assisting
heat dissipation of the reflective phosphor 4 may be dis-
posed in the reflective phosphor 4. The heat dissipation
member 42 may include: a contact plate which comes
into contact with the reflective phosphor 4; and a heat
dissipation fin 44 which protrudes from the contact plate
43.

[0082] The contact plate 43 may be attached to the
rear surface of the reflection unit.

[0083] The lens 3 included in the lighting device for
vehicle may further include the projection lens 5. The
projectionlens 5 may be larger than the lens 3. The optical
axis of the projection lens 5 may coincide with the optical
axis X of the lens 3.

[0084] The projection lens 5 may include a front sur-
face 51, a rear surface 52, and a circumferential surface
53. The front surface 51 of the projection lens 5 may be
a curved surface that is convex toward the front of the
projection lens 5. The rear surface 52 of the projection
lens 5 may be a flat surface. The projection lens 5 may
be symmetric with respect to the optical axis X of the lens
3.

[0085] The second reflection unit 6 may reflect a part
of light, which is reflected by the reflective phosphor 4
toward the lens 3, toward the rear of the lens. The second
reflection unit 6 may minimize leakage of light, which can
occur when light reflected by the reflective phosphor 4
passes through a region where the second reflection unit
6 is formed. The second reflection unit 6 may be installed
to reflect incident light toward a sensing unit 7. The light
reflected by the second reflection unit 6 toward the sens-
ing unit 7 may be sensed by the sensing unit 7, and safety
of the lighting device for vehicle may be determined
based on a sensing value of the sensing unit 7. The sec-
ond reflection unit 6 will be described in detail later.
[0086] The sensing unit 7 may sense light that is re-
flected by the second reflection unit 6 toward the rear of
the lens 3.

[0087] The sensing unit 7 may be disposed behind the
lens 3.
[0088] The sensing unit 7 may be disposed off the op-

tical axis X of the lens 3. It is preferable that the sensing
unit 7 is disposed at a position where the sensing unit 7
does notinterfere with the reflective phosphor 4. It is pref-
erable that the sensing unit 7 is disposed on an axis par-
allel to the optical axis of the lens 3.

[0089] Of course, the sensing unit 7 may be disposed
on the optical axis X of the lens 3. The second reflection
unit 6 mat reflect light obliquely toward the rear of the
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reflective phosphor 4, but not in a direction parallel to the
optical axis X of the lens 3. The sensing unit 7 may be
behind the reflective phosphor 4 and disposed on the
optical axis X of the lens 3. In addition, in the case where
the lighting device for vehicle further includes a reflection
member that reflects light, which is reflected by the sec-
ond reflection unit 6 toward the rear of the lens 3, toward
the sensing unit 7, the sensing unit 7 may be disposed
on the optical axis of the lens 3. For example, the second
reflection unit 6 may reflect light, which is reflected by
the reflective phosphor 4, toward the rear of the lens 3
in a direction parallel to the optical axis X of the lens 3.
Then, the reflection member may reflect the light, which
is reflected by the second reflection unit 6 toward the rear
of the lens 3, toward the optical axis X of the lens 3. Then,
the sensing unit 7 disposed on the optical axis X of the
lens 3 may sense the light reflected by the reflection
member.

[0090] The sensing unit 7 may include: a first filter 71
configured to allow blue light to pass therethrough; a first
light sensor 72 which senses light passing through the
first filter 71; a second filter 73 configured to block blue
light; and a second light sensor 74 configured to senses
light passing through the second filter 73. The blue light
may mean blue-based light. In this embodiment, the
sensing unit 7 may further include a third filter 78 dis-
posed in front of the first filter 71 and the second filter 73
to sensitize light directed toward the first filter 71 and the
second filter 73.

[0091] The controller 8 may control the light source de-
vice 1 based on a sensing value of the sensing unit 7.
The controller 8 may determine safety/harmfulness of
the lighting device for vehicle by comparing a sensing
value of the sensing unit 7 with a reference value. The
controller 8 may turn off the light source 10 based on the
sensing value of the sensing unit 7.

[0092] Hereinafter, the first reflection unit 2 and the
second reflection unit 6 will be described in the following.
[0093] At least one of the first reflection unit 2 and the
second reflection unit 6 may be integrated with the lens
3, or may be separately spaced apart from the lens 3.
[0094] A position of the first reflection unit 2 may be
determined according to a position of the reflection phos-
phor 4. In the case where the reflective phosphor 4 is
disposed behind the lens 3, the first reflection unit 2 may
be disposed behind the lens 3 and spaced apart behind
the lens 3, may be disposed on the rear surface of the
lens 3, may be disposed on the front surface of the lens
3, or may be disposed in front of the lens 3 and spaced
apart from the lens 3.

[0095] When the first reflection unit 2 is disposed be-
hind the lens 3 and spaced apart from the lens 3, light
emitted by the light source device 1 may be reflected
toward a space between the reflective phosphor 4 and
the lens 3.

[0096] When the first reflection unit 2 is provided on
the rear surface of the lens 3 and integrated with the lens
3, light emitted by the lighting device 1 may be reflected
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toward a space between the reflective phosphor 4 and
the lens 32.

[0097] When the first reflection unit 2 is provided on
the front surface of the lens 3 and integrated with the lens
3, light emitted by the light source device 1 and passing
through then lens 3 may be reflected toward the lens 3
sothat the lightis reflected toward the reflective phosphor
4.

[0098] When the first reflection unit 2 is disposed in
front of the lens 3 and spaced apart from the lens 3, light
emitted by the lighting device 1 and then passing through
the lens 3 may be reflected toward the lens 3 so that the
light is reflected toward the reflective phosphor 4.
[0099] When the first reflection unit 2 is disposed in
front of or behind the lens 3 and spaced apart from the
lens 3, the number of components of the lighting device
for vehicle may increase and the size of the lighting de-
vice for vehicle may increase due to a distance between
the lens 3 and the first distance unit 2.

[0100] It is preferable that, the first reflection unit 2 is
integrated with the rear surface 32 or the front surface
31 of the lens 3 so as to minimize the number of compo-
nents of the lighting device and make the lighting device
compact.

[0101] When the first reflection unit 2 is provided on
the entire rear surface or the entire front surface of the
lens 3, light reflected by the reflective phosphor 4 may
be all reflected toward the rear of the lens 3 and cannot
be emitted toward the front of the lens 3 at all.

[0102] That is, it is preferable that the first reflection
unit 2 is provided on a part of the rear surface of the lens
3 or apart of the front surface of the lens 3. Itis preferable
that the first reflection unit 2 is so large as to cause the
lens 3 to secure a sufficient light emission region. It is
preferable that the first reflection unit 2 is disposed off
the optical axis X of the lens 3, and it is preferable that
the first reflection unit 2 is disposed between the optical
lens X of the lens 3 and the circumferential surface 33 of
the lens 3.

[0103] The first reflection unit 2 may be provided on a
part of the rear surface of the lens 3 or a part of the front
surface of the lens 3. The first reflection unit 2 may be
provided to reflectlight, emitted by the light source device
1, toward the reflective phosphor 4.

[0104] The first reflection unit 2 may reflect incident
light toward the rear of the lens 3.

[0105] It is preferable that the position of the first re-
flection unit 2 is determined in consideration of a distance
between the reflective phosphor 4 and the lens 3.
[0106] Sincethe reflective phosphor4is preferably dis-
posed close to the rear surface 32 of the lens 3, it is
preferable that the first reflection unit 2 is provided on the
front surface 31 of the lens 3.

[0107] Thatis, thefirstreflection unit4 may be provided
onapart of the front surface of the lens 3, and light emitted
by the light source device 1, especially the reducer 12,
may pass through the lens 3 and be then incident on the
first reflection unit 4. The light reflected by the first reflec-
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tion unit 4 may pass through the lens 3 and be then in-
cident on the reflective phosphor 4, and light having a
wavelength changed by the reflective phosphor 4 may
pass through the lens 3 and be then emitted toward the
frontofthe lens 3. Thelens 3 may be a 3-path lens through
which light passes three times, and the lighting device
for vehicle may be made compact using the 3-path lens.
[0108] The first reflection unit 2 may be formed in a
part of the convex front surface 31 of the lens 3 along
the convex front surface 31 of the lens 3, and may be
formed to have an arc-shaped cross-section. When
viewed from the front of the lens 3, the first reflection unit
2 may have a circular or polygonal shape.

[0109] The first reflection unit 2 may be a concave mir-
ror formed on the front surface 31 of the lens 3. the first
reflection unit 2 may have a convex front surface and a
concave rear surface.

[0110] Thefirstreflection unit2 may face the projection
lens 5 which will be described later, and may be disposed
between the lens 3 and the projection lens 5 to thereby
be protected by the lens 3 and the projection lens 5.
[0111] The position of the second reflection unit 6 may
be determined by the position of the reflective phosphor
4 and the position of the sensing unit 7. In the case where
the reflective phosphor 4 is disposed behind the lens 3,
the second reflection unit 6 may be disposed behind the
lens 3 and spaced apart from the lens 3, may be disposed
on the rear surface of the lens 3, may be disposed on
the front surface of the lens 3, or may be disposed in front
of the lens 3 and spaced apart from the lens 3.

[0112] When the second reflection unit 6 is disposed
behind the lens 3 and spaced apart from the lens 3, the
second reflection unit 6 may reflect a part of light, reflect-
ed by the reflective phosphor 4, toward the vicinity of the
reflective phosphor 4.

[0113] When the second reflection unit 6 is integrated
with the rear surface of the lens 3, the second reflection
unit 6 may reflect a part of light, reflected by the reflective
phosphor 4, toward the vicinity of the reflective phosphor
4.

[0114] When the second reflection unit 6 is integrated
with the front surface of the lens 3, the second reflection
unit 5 may reflect part of light, reflected by the reflective
phosphor 4 and then passing through the lens 3, toward
the surroundings of the reflective phosphor 4.

[0115] When the second reflection unit 6 is disposed
in the front of the lens 3 and spaced apart from the lens
3, the second reflection unit 6 may reflect a part of light,
reflected by the reflective phosphor 4 and then passing
through the lens 3, toward the vicinity of the reflective
phosphor 4.

[0116] When the second reflection unit 6 is disposed
behind or in front of the lens 3 and spaced apart from the
lens 3, the number of components of the lighting device
for vehicle may increase and the size of the lighting de-
vice for vehicle may increase due to a distance between
the lens 3 and the second reflection unit 6.

[0117] Itis preferable that the second reflection unit 6
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is integrated with the rear surface 32 or the front surface
31 of the lens 3 in order to minimize the number of com-
ponents of the lighting device for vehicle and make the
lighting device compact.

[0118] The second reflection unit 6 may be spaced
apart from the first reflection unit 2. It is preferable that
the second reflection unit 6 is so large as to cause the
lens 3 to secure a sufficient light emission region. It is
preferable that the second reflection unit 6 is disposed
off the optical axis X of the lens 3, and it is preferable that
the second reflection unit 6 is disposed between the op-
tical axis X of the lens 3 and the circumferential surface
33 of the lens 3.

[0119] The second reflection unit 6 may be provided
on a part of the rear surface of the lens 3 or a part of the
front surface of the lens 3. The second reflection unit 6
may reflect a part of light, reflected by the reflective phos-
phor 4, toward the rear of the lens 3.

[0120] The position of the second reflection unit 6 may
be determined in consideration of a distance between
the reflective phosphor 4 and the lens 3. Since the re-
flective phosphor 4 is preferably disposed close to the
rear surface 32 of the lens 3, it is preferable that the sec-
ond reflection unit 6 is disposed on the front surface 31
of the lens 32.

[0121] Thatis, the second reflection unit 6 may be dis-
posed on the front surface of the lens 3 and spaced apart
from the first reflection unit 2; a part of light reflected by
the reflective phosphor 4 may pass through the lens 3
and be then incident on the second reflection unit 6; and
the light reflected by the second reflection unit 6 toward
the lens 3 may pass through the lens 3 and be then emit-
ted toward the rear of the lens 3. That is, a part of light
reflected by the reflective phosphor 4 may pass through
the lens 3 twice and be then emitted toward the sensing
unit 7, and the lighting device for vehicle may be made
compact due to this structure.

[0122] The second reflection unit 6 may be formed in
a part of the convex front surface 31 of the lens 3 along
the convex front surface 31, and may be formed to have
an arc-shaped cross-section. When viewed from the front
of the lens 3, the second reflection unit 6 may have a
circular or polygonal shape.

[0123] The second reflection unit 6 may be a concave
mirror formed on the front surface 31 of the lens 3. The
second reflection unit 6 may have a convex front surface
and a concave rear surface.

[0124] The front surface of the second reflection unit
6 may face the projection lens 5 which will be described
later, and may be disposed between the lens 3 and the
projection lens 5 to be protected by the lens 3 and the
projection lens 5.

[0125] The first reflection unit 2 and the second reflec-
tion unit 6 may be symmetrical to each other with respect
to the optical axis X of the lens 3.

[0126] The first reflection unit 2 and the second reflec-
tion unit 6 may be disposed on the front surface 31 of the
lens 3 to be symmetrical to each other with a 180° phase
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difference. In the case where the first reflection unit 2 is
formed in the left region of the front surface 31 of the
lens, the second reflection unit 6 may be formed in the
right region of the front surface 31 of the lens 3. In the
case where the first reflection unit 2 is formed in the upper
region of the front surface 31 of the lens 3, the second
reflection unit 6 may be formed in the lower region of the
front surface 31 of the lens 3.

[0127] The first reflection unit 2 and the second reflec-
tion unit 6 may be disposed at the same distance from
the optical axis X of the lens 3, or may be disposed at
different distances from the optical axis X of the lens 3.
[0128] In the case where the first reflection unit 2 and
the second reflection unit 6 are disposed at the same
distance from the optical axis X of the lens, any one of
these reflection units may function as the first reflection
unit 2 and the other one may function as the second re-
flection unit 6. In this case, it is not necessary to distin-
guish the two reflection units from each other for instal-
lation or operation of the lens 3, and thus, operator con-
venience may improve.

[0129] A first distance between the first reflection unit
2 and the optical axis X of the lens 3 may be shorter or
longer than a second distance between the second re-
flection unit 6 and the optical axis X of the lens 3. In this
case, the light source device 1 and the sensing unit 7 are
not necessarily symmetrical to each other with respect
to the optical axis X of the lens 3, and instead, each of
the light source device 1 and the sensing unit 7 may be
installed at a position that enhances efficiency of func-
tions thereof.

[0130] Each of the first reflection unit 2 and the second
reflection unit 6 may be an anti-reflection coating layer
which is coated on the front surface 31 of the lens 3,
except for the optical axis X of the lens, or may be a
reflection sheet which is attached to the front surface 31
of the lens 3, except for the optical axis X of the lens 3.
[0131] Meanwhile, the lighting device for vehicle may
further include a light reducer supporter 56 (see FIG. 3)
which supports the light reducer 12. The light reducer
supporter 56 may be formed to surround the light reducer
12. The light reducer supporter 56 may be elongated in
a direction parallel to the optical axis X of the lens 3, and
an optical path along which light passes through may be
formed in the light reducer supporter 56.

[0132] In addition, the lighting device for vehicle may
further include a lens holder 58 which supports the lens
3 and the projection lens 5.

[0133] Hereinafter, the operation of the lighting device
for vehicle according to the present invention will be de-
scribed. The following description is about an example
in which the light source 10 emits blue-based light and
the reflective phosphor 4 converts a wavelength of the
blue-based light to generate a yellow-based light.
[0134] First of all, when the light source 10 is turned
on, the light source 10 may emit blue-based light A, and
the blue-based light A emitted by the light source 10 may
be incident on the light reducer 12 in a direction parallel
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to the optical axis X of the lens 3.

[0135] The light A emitted by the light source 10 in a
direction parallel to the optical axis X of the lens 3 may
be incident on the light entrance surface 21 of the first
reducer lens 20 and refracted from the light entrance sur-
face 21 of the first reducer lens 20 and therefore reduced
in width.

[0136] The light refracted by the first reducer lens 20
may pass through the first reducer lens 20 and be then
emitted toward the light exit surface 22 of the first reducer
lens 20.

[0137] Light B emitted toward the light exit surface 22
of the first reducer lens 20 may be incident on the light
entrance surface 26 of the second reducer lens 25 in a
direction parallel to the optical axis X of the lens 3, or
may be reduced in width between the light exit surface
22 of the first reducer lens 20 and the light entrance sur-
face 26 of the second reducer lens 25 and then incident
on the light entrance surface 26 of the second reducer
lens 25.

[0138] The light incident on the light entrance surface
26 of the second reducer lens 25 may pass through the
second reducer lens 25 and may be emitted through the
light exit surface 27 of the second reducer lens 25 in a
direction parallel to the optical axis X of the lens 3.
[0139] The light A emitted by the light source 10 may
be reduced in width by the first reducer lens 20 and the
second reducer lens 25, and light C having a reduced
width may be incident on the rear surface 32 of the lens
3 in a direction parallel to the optical axis X of the lens 3.
[0140] Light D incident on the rear surface 32 of the
lens 3 may pass through the rear of the first reflection
unit2 ofthe lens 3 and be thenincidenton the rear surface
of the first reflection unit 2. Light E reflected by the first
reflection unit 2 may be reflected by the first reflection
unit 2 in a direction toward the optical axis X of the lens
3, and then refracted from the rear surface 32 of the lens
3. Light F refracted from the rear surface of the lens 3
may be incident on the reflective phosphor 4. A wave-
length of the light incident on the reflective phosphor 4
may be changed by the reflective phosphor 4, and white-
based light F may be reflected by the reflective phosphor
4 toward the rear surface 32 of the lens 3 and then pass
through the lens 3. Such light G may pass through the
front surface 31 of the lens 3 and be then incident on the
projection lens 5 through the rear surface 52 of the pro-
jection lens 5 and then refracted from the front surface
51 of the projection lens 5. Such light H may be emitted
toward the front of the vehicle.

[0141] Meanwhile, a part of light reflected by the re-
flective phosphor 4 toward the lens 3 may be incident on
the second reflection unit 6. The lightincident on the sec-
ond reflection unit 6 by the reflective phosphor 4 may be
reflected by the second reflection unit 6 toward the rear
of the lens 3. Light | reflected by the second reflection
unit 6 toward the rear of the lens 3 may pass through the
rear surface 32 of the lens 3, and light J reflected by the
second reflection unit 6 and passing through the rear
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surface of the lens 3 may be emitted toward the rear of
the lens 3.

[0142] The light J reflected by the second reflection
unit 6 and passing through the rear surface of the lens 3
may be sensitized when passing through the third filter
78, and the light passing through the third filter 78 may
be incident on the first filter 71 and the third filter 78.
[0143] Bluelight may pass through the firstfilter 71 and
may be blocked by the second filter 72.

[0144] Thefirstlight sensor 72 may sense light passing
through the first filter 71 and output a sensing value to
the controller 8, and the second light sensor 74 may
sense light passing through the second filter 73 and out-
put a sensing value to the controller 8.

[0145] When light exceeding a reference value is
sensed by the first light sensor 72, the controller 8 may
turn off the light source device 1. When light equal to or
less than the reference value or no light is sensed by the
second light sensor 74, the controller 8 may turn off the
light source device 1.

[0146] The case where light exceeding the reference
value is sensed by the first light sensor 72 may mean
that the reflective phosphor 4 does not convert blue-
based light into white-based light or that such conversion
is insignificant. In this case, blue-based light exceeding
the safe range may be emitted, so the light source device
1, especially the light source 10, may be turned off not
to emit the blue-based light toward the front of the vehicle.
[0147] Inaddition, the case where light equal to or less
than the reference value or no light is sensed by the sec-
ond light sensor 74 may mean that the reflective phos-
phor 4 is able to function properly or that the second
reflection unit 6 is damaged. In this case, it is hard to
properly perform light conversion by the reflection phos-
phor 4 or perform a safety function using the second re-
flection unit 6, the sensing unit 7, and the controller 8.
Thus, the light source device 1, especially the light source
10, may be turned off.

[0148] The above descriptions are only for illustrative
purposes, and it will be apparent to those skilled in the
art that various modifications and changes can be made
thereto without departing from the scope of the present
invention.

[0149] Therefore, the embodiments setforth above are
not intended to limit the technical spirit of the present
invention, and the scope of the present invention is not
limited by these embodiments.

[0150] The scope of the present invention should be
defined by the appended claims, and all technical spirits
within the equivalent range will be construed as being
included in the scope of the present invention.

Claims
1. Alighting device for a vehicle, comprising:

alens (3);
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a light source device (1) configured to emit light;
afirstreflection unit (2) configured to reflect light
emitted by the light source device to a rear of
the lens;

a reflective phosphor (4) disposed at the rear of
the lens and configured to wavelength-convert
light reflected by the first reflection unit and re-
flect the wavelength-converted light toward the
lens;

a second reflection unit (6) configured to reflect
a part of the light, which is reflected by the re-
flective phosphor toward the lens, toward the
rear of the lens;

a sensing unit (7) configured to sense light re-
flected by the second reflection unit toward the
rear of the lens; and

a controller (8) configured to control the light
source device based on a sensing value of the
sensing unit.

The lighting device according to claim 1, wherein the
reflective phosphoris disposed to face arear surface
of the lens and reflect light toward the rear surface
of the lens.

The lighting device according to claim 1 or 2, wherein
the reflective phosphor is disposed on an optical axis
of the lens.

The lighting device according to any one preceding
claim, wherein the first reflection unit and the second
reflection unit are provided on a front surface of the
lens.

The lighting device according to claim 4, wherein the
lens has a convex front surface, and

wherein each of the first reflection unit and the sec-
ond reflection unit has an arc-shaped cross section.

The lighting device according to any one preceding
claim, wherein at least one and preferably each of
the first reflection unit and the second reflection unit
is a concave mirror formed on a front surface of the
lens.

The lighting device according to any one preceding
claim,

wherein the first reflection unit and the second re-
flection unit are provided on a front surface of the
lens in a mutually spaced manner.

The lighting device according to any one preceding
claim, wherein the first reflection unit and the second
reflection unit are symmetrical to each other with re-
spect to an optical axis of the lens.

The lighting device according to any one preceding
claim, wherein the first reflection unit and the second
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10.

1.

12.

13.

14.

15.

reflection unit are at the same distance or at different
distances from an optical axis of the lens.

The lighting device according to any one preceding
claim, wherein at least one and preferably each of
the first reflection unit and the second reflection unit
is either an anti-reflection coating layer coated on a
front surface of the lens, except for an optical axis
of the lens, or is a reflection sheet attached to the
front surface of the lens, except for the optical axis
of the lens.

The lighting device according to any one preceding
claim, wherein the sensing unit (7) is disposed be-
hind the lens.

The lighting device according to any one preceding
claim, wherein the sensing unit is offset from an op-
tical axis (X) of the lens or is disposed on the optical
axis of the lens.

The lighting device according to any one preceding
claim, wherein the sensing unit (7) comprises:

a first filter configured to allow blue light to pass
therethrough;

afirstlight sensor configured to sense light pass-
ing through the first filter;

a second filter configured to block blue light; and
a second light sensor configured to sense light
passing through the second filter.

The lighting device according to claim 13, further
comprising a third filter disposed in front of the first
filter and the second filter to sensitize light directed
toward the first filter and the second filter.

The lighting device according to claim 13 or 14,
wherein the controller (8) is configured to turn off the
light source device when at least one of the following
conditions is satisfied:

light exceeding a reference value is sensed by
the first light sensor; and

light equal to or less than a reference value or
no light is sensed by the second light sensor.
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