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(54) VEHICLE LAMP

(57) A vehicle lamp includes a first light emitting chip
for a low beam, a plurality of second light emitting chips
for a high beam, aligned in a horizontal direction, a lens
to illuminate forward light from the first and second light
emitting chips, a reflector to reflect light from the first light
emitting chip toward the lens, and a shade to partially
block light reflected by the reflector, wherein the lens in-
cludes upper and lower incident surfaces respectively

vertically above and below a basic optical axis passing
a rear basic focal point of the lens, the upper incident
surface has a shape with radius increasing from the basic
optical axis toward an outer edge, and the lower incident
surface has a shape with radius increasing from a center
toward an outside in the horizontal direction, and with a
linear vertical cross section.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a vehicle lamp.

BACKGROUND ART

[0002] Patent Literature 1 discloses a vehicle lamp
which is provided with a lamp unit capable of forming
both a low beam light distribution pattern and a high beam
light distribution pattern, and in which a variable high
beam (Adaptive Driving Beam) control to change a light
distribution pattern according to the position of a preced-
ing vehicle or oncoming vehicle by using a plurality of
light emitting chips is possible for the high beam light
distribution pattern.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2016-39020

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] In the configuration in which a large number of
light emitting chips are arranged side by side as de-
scribed above, some of the light emitting chips are also
present at a position away from a focal point of a projec-
tion lens, and as a result, due to an off-axis aberration,
the light distribution may be collapsed in the light distri-
bution pattern by the light from the light emitting chips
located at the position away from the lens focal point;
however, in the vehicle lamp of Patent Literature 1, the
problem of this off-axis aberration is not taken into con-
sideration.
[0005] The present invention has been achieved in
view of such circumstances, and an object thereof is to
provide a vehicle lamp which is provided with a lamp unit
capable of forming both a low beam light distribution pat-
tern and a high beam light distribution pattern, and in
which a collapsed light distribution is suppressed.

MEANS FOR SOLVING THE PROBLEM

[0006] The present invention is grasped by the follow-
ing configuration to achieve the above-mentioned object.

(1) A vehicle lamp according to the present invention
includes: a first light emitting chip for a low beam
light distribution; a plurality of second light emitting
chips for a high beam light distribution, the second
light emitting chips being aligned in a horizontal di-
rection; a lens configured to illuminate forward light

from the first light emitting chip and the second light
emitting chips; a reflector configured to reflect the
light from the first light emitting chip toward the lens;
and a shade configured to block part of the light re-
flected by the reflector, wherein the lens includes:
an upper incident surface vertically above a basic
optical axis passing through a rear basic focal point
of the lens; and a lower incident surface vertically
below the basic optical axis, the upper incident sur-
face has a shape with a radius of curvature increas-
ing from a side of the basic optical axis toward an
outer edge of the upper incident surface, and the
lower incident surface has a shape with a radius of
curvature increasing from a center side in the hori-
zontal direction toward an outer side in the horizontal
direction, and with a linear vertical cross section.

(2) In the configuration of (1), the second light emit-
ting chips are arranged behind and vertically below
the rear basic focal point of the lens, and each of the
second light emitting chips is arranged such that a
light emitting surface thereof is inclined vertically up-
ward so that a light-emitting optical axis passing
through a light emitting center intersects the upper
incident surface.

(3) In the configuration of (1) or (2), a first reflection
unit configured to reflect vertically upward part of light
emitted from the second light emitting chips toward
the lower incident surface; and a second reflection
unit configured to reflect vertically downward part of
light emitted vertically upward from the second light
emitting chips are provided.

(4) In the configuration of (3), the first reflection unit
reflects light so that an amount of light beams inci-
dent on the lower incident surface, among light
beams emitted directly toward the lower incident sur-
face from the second light emitting chips, is reduced
to 1/3 to 6/7.

(5) In the configuration of any one of (1) to (4), light
diffusion structures are provided which are formed
on the lower incident surface and the upper incident
surface, the light diffusion structures being config-
ured to diffuse light incident on the lens, wherein the
light diffusion structure formed on a horizontal center
side of the upper incident surface is set to diffuse
more light than the light diffusion structure formed
on the lower incident surface.

(6) A vehicle lamp of the present invention includes:
a first light emitting chip for a low beam light distri-
bution; a plurality of second light emitting chips for a
high beam light distribution, the second light emitting
chips being aligned in a horizontal direction; a lens
configured to illuminate forward light from the first
light emitting chip and the second light emitting chips;
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a reflector configured to reflect the light from the first
light emitting chip toward the lens; and a shade con-
figured to block part of the light reflected by the re-
flector, wherein the lens includes: an upper incident
surface vertically above a basic optical axis passing
through a rear basic focal point of the lens; and a
lower incident surface vertically below the basic op-
tical axis, and in a vertical cross section along a basic
optical axis passing through a rear basic focal point
of the lens, an upper end of the upper incident sur-
face is located forward of a lower end of the lower
incident surface.

EFFECT OF THE INVENTION

[0007] According to the present invention, it is possible
to provide a vehicle lamp which is provided with a lamp
unit capable of forming both a low beam light distribution
pattern and a high beam light distribution pattern, and in
which a collapsed light distribution is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a plan view of a vehicle provided with a
vehicle lamp according to an embodiment of the
present invention.
FIG. 2 is a plan view of a lamp unit according to the
embodiment of the present invention as viewed from
a front side.
FIG. 3 is a cross-sectional view of the lamp unit ac-
cording to the embodiment of the present invention.
FIGS. 4(a) and 4(b) are views each explaining a
shape of an incident surface of a lens according to
the embodiment of the present invention, where FIG.
4(a) is a vertical cross-sectional view along a basic
optical axis passing through a rear basic focal point
of the les, and FIG. 4(b) is a horizontal cross-sec-
tional view along the basic optical axis passing
through the rear basic focal point of the les.
FIG. 5 is a view for explaining a method of designing
the incident surface used for suppressing a col-
lapsed light distribution due to an off-axis aberration.
FIG. 6 is a view illustrating a case where a light dis-
tribution pattern on a screen is vertically separated.
FIGS. 7(a) and 7(b) are views each explaining a
shape of an exit surface of the lens according to the
embodiment of the present invention, where FIG.
7(a) is a view where the lens is seen from a rear side,
and FIG. 7(b) is a vertical cross-sectional view along
the basic optical axis passing through the rear basic
focal point of the lens.
FIGS. 8(a), 8(b), and 8(c) are views each illustrating
a light distribution pattern on a screen formed before
a first reflection unit and a second reflection unit ac-
cording to the embodiment of the present invention
are arranged, where FIG. 8(a) is a view illustrating

a light distribution pattern formed by light irradiated
from an upper exit surface, FIG. 8(b) is a view illus-
trating a light distribution pattern formed by light ir-
radiated from a lower exit surface, and FIG. 8(c) is
a view illustrating a light distribution pattern formed
by light from second light emitting chip, the light dis-
tribution pattern being multiplexed with the light dis-
tribution patterns in FIG. 8(a) and FIG. 8(b).
FIG. 9 is a view for explaining a light diffusion struc-
ture formed on the incident surface according to the
embodiment of the present invention.
FIGS. 10(a), 10(b), and 10(c) are views each illus-
trating a light distribution pattern on the screen of the
vehicle lamp according to the embodiment of the
present invention, where FIG. 10(a) illustrates a light
distribution pattern formed by light irradiated from an
upper exit surface, FIG. 10(b) illustrates a light dis-
tribution pattern formed by light irradiated from a low-
er exit surface, and FIG. 10(c) is a view illustrating
a light distribution pattern formed by light from the
second light emitting chip, the light distribution pat-
tern being multiplexed with the light distribution pat-
terns in FIG. 10(a) and FIG. 10(b).
FIG. 11 is a view illustrating a light distribution pattern
formed by light from a second light emitting chip ar-
ranged at a position farthest to the left (inner side of
the vehicle) from a vertical axis (Y axis) passing
through the rear basic focal point of the lens in FIG. 2.

MODE FOR CARRYING OUT THE INVENTION

[0009] With reference to the accompanying drawings,
a mode for carrying out the present invention (hereinafter,
referred to as an "embodiment") will be described in detail
below.
[0010] It is noted that the same numeral is attached to
the same element throughout the description of the em-
bodiment.
[0011] Further, in the embodiment and the drawings,
unless otherwise noted, "front" and "rear" respectively
indicate a "forward direction" and "rearward direction" of
a vehicle, and "upper", "lower", "left", and "right" respec-
tively indicate a direction viewed from a driver on the
vehicle.
[0012] A vehicle lamp according to the embodiment of
the present invention is a vehicle head lamp (101R, 101L)
provided on each of the left and right of the front of a
vehicle 102 illustrated in FIG. 1, and hereinafter, will be
simply referred to as "vehicle lamp".
[0013] The vehicle lamp of the present embodiment
includes a housing (not illustrated) opened forward of the
vehicle and an outer lens (not illustrated) attached to the
housing to cover the opening, where a lamp unit 10 (see
FIG. 2) and the like are arranged in a lamp chamber
formed by the housing and the outer lens.
[0014] It is noted that in the following description of the
lamp unit 10, the vehicle lamp on the right side of the
vehicle will be mainly described as an example, but the
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description applies commonly to the left and right vehicle
lamps unless otherwise particularly mentioned.

(Lamp unit 10)

[0015] FIG. 2 is a plan view of the lamp unit 10 as
viewed from the front side, and FIG. 3 is a cross-sectional
view of the lamp unit 10.
[0016] It is noted that in FIG. 2, a lens 50 is omitted to
easily understand the inside and FIG. 3 is a vertical cross-
sectional view along a basic optical axis (see Z axis)
passing through a rear basic focal point O of the lens 50.
[0017] As illustrated in FIG. 3, the lamp unit 10 mainly
includes a heat sink 20, a first light source 25, a reflector
30, a shade 31, an attachment member 40, a second
light source 43, a power feeding connector 44, the lens
50, a first reflection unit 61, and a second reflection unit
62.

(Heat sink 20)

[0018] The heat sink 20 includes a base unit 21 and a
plurality of radiation fins 22 extending vertically down-
ward, the plurality of radiation fins 22 being integrally
formed vertically beneath the base unit 21.
[0019] Further, a mounting unit 26 configured to mount
the first light source 25 is formed on a vertically upper
surface of the base unit 21, where the first light source
25 is to be attached by a holder 27.
[0020] It is preferable that the heat sink 20 is formed
of a metal or a resin having a high thermal conductivity
to efficiently dissipate a heat generated by the first light
source 25, and in the present embodiment, the heat sink
20 made of aluminum by die casting is used.

(First light source 25)

[0021] The first light source 25 is a light source for emit-
ting light to form a low beam light distribution pattern, and
includes a first substrate 23 arranged on the mounting
unit 26 and a first light emitting chip 24 arranged on the
first substrate 23 to emit light vertically upward.
[0022] In the present embodiment, although an LED
chip which is a semiconductor type light emitting element
is employed for the first light emitting chip 24, the first
light emitting chip 24 is not necessarily limited to an LED
chip, for example, and may be an LD chip (laser diode
chip) which is a semiconductor type light emitting ele-
ment.

(Reflector 30)

[0023] The reflector 30 is a member for reflecting light
emitted vertically upward from the first light emitting chip
24 toward the lens 50, and a reflecting surface 30a of the
reflector 30 is attached to the base unit 21 of the heat
sink 20 to cover above the first light emitting chip 24 in a
semi-dome form to open forward.

(Shade 31)

[0024] The shade 31 is arranged between the first light
source 25 and the lens 50, as illustrated in FIG. 3, and
is a member for shielding part of light reflected by the
reflector 30 toward the lens 50 to form a cutoff line of the
low beam light distribution pattern.
[0025] More specifically, as illustrated in FIG. 2, the
shade 31 is arranged so that an edge 31a on the front
side of the shade 31 has a shape matching the cutoff
line, and the rear basic focal point O of the lens 50 is
located in the vicinity of a portion forming an upper end
of the oblique cutoff line of the edge 31a on the front side
of the shade 31.
[0026] Specifically, as illustrated in FIG. 3, the shade
31 is arranged so that the rear basic focal point O of the
lens 50 is located about 1.0 mm behind the edge 31a on
the front side of the shade 31.

(Attachment Member 40)

[0027] The attachment member 40 is a member to
which the shade 31, the second light source 43 described
later, the power feeding connector 44, the first reflection
unit 61, and the second reflection unit 62 are attached.
[0028] In the present embodiment, although the at-
tachment member 40 is formed as a separate member
from the heat sink 20 and the attachment member 40 is
fixed to the heat sink 20, the attachment member 40 may
not be formed as a separate member from the heat sink
20, and it is possible to design a structure where the
attachment member 40 is integrally formed with the heat
sink 20.
[0029] As illustrated in FIG. 3, in the attachment mem-
ber 40, a first surface 40a located on the front side is a
surface on which the second light source 43 is arranged,
and although a reason is explained later, the first surface
40a is formed to be directed obliquely vertically upward
at an angle θ1 with respect to the vertical axis (see Y
axis) passing through the rear basic focal point O of the
lens 50.
[0030] It is noted that in the present embodiment, the
first surface 40a is inclined obliquely vertically upward
such that the angle θ1 is about 25°.

(Second light source 43)

[0031] The second light source 43 is a light source for
emitting light to form a high beam light distribution pattern,
and as illustrated in FIG. 3, includes a second substrate
41 arranged on the first surface 40a of the attachment
member 40 and a plurality of second light emitting chips
42 (see FIG. 2) provided on the second substrate 41 to
be aligned in the horizontal direction.
[0032] In the present embodiment, similarly to the first
light emitting chip 24, the second light emitting chip 42
also employs an LED chip which is a semiconductor type
light emitting element, but the second light emitting chip
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42 is not necessarily limited to an LED chip and may be
an LD chip (laser diode chip) which is a semiconductor
type light emitting element.
[0033] In the present embodiment, as illustrated in FIG.
2, in a front view seen from the vehicle front side, the four
second light emitting chips 42 are provided at the outer
side (on the left side in FIG. 2) of the vehicle on the basis
of the vertical axis (see Y axis) passing through the rear
basic focal point O of the lens 50 and the seven second
light emitting chips 42 are provided at the inner side (on
the right side in FIG. 2) of the vehicle, that is, a total of
eleven second light emitting chips 42 are aligned in the
horizontal direction; however, the number of the second
light emitting chips 42 may be increased or decreased
according to a horizontal light distribution range required
for the high beam light distribution pattern to be formed.
[0034] In a case of the vehicle lamp on the left side of
the vehicle, in a front view seen from the front side of the
vehicle illustrated in FIG. 2, the arrangement of the sec-
ond light emitting chips 42 on the left and right sides in
the horizontal direction may be reversed on the basis of
the vertical axis (see Y axis) passing through the rear
basic focal point O of the lens 50.
[0035] However, a relationship between the inner side
and the outer side of the vehicle is reversed when a re-
lationship between the left side and the right side of the
vehicle is reversed, and thus, if the arrangement state of
the second light emitting chips 42 is described on the
basis of the inner side and the outer side of the vehicle,
as described above, the four second light emitting chips
42 are provided at the outer side (on the left side in FIG.
2) of the vehicle on the basis of the vertical axis (see Y
axis) passing through the rear basic focal point O of the
lens 50, and the seven second light emitting chips 42 are
provided at the inner side of the vehicle (on the right side
in FIG. 2).
[0036] Further, in the present embodiment, the two
second light emitting chips 42 on the innermost side (on
the right side in FIG. 2) of the vehicle are arranged to
differ in arrangement pitch in the horizontal direction from
the remaining nine second light emitting chips 42, spe-
cifically, to slightly widen in pitch; however, the arrange-
ment pitch in the horizontal direction among the second
light emitting chips 42 may be set so that the light distri-
bution patterns formed by the light from the adjacent sec-
ond light emitting chips 42 appropriately overlap on the
screen.
[0037] Further, in the present embodiment, the second
light source 43 is illustrated as an example where the
plurality of second light emitting chips 42 are arranged
on the second substrate 41 which is one common sub-
strate; however, a configuration may be adopted where
a substrate is arranged for each of the second light emit-
ting chips 42 to form a second light source unit provided
with a plurality of light sources.
[0038] In the lamp unit 10 of the present embodiment,
a variable high beam (Adaptive Driving Beam) control to
change the high beam light distribution pattern can be

performed by controlling turning on/off of the second light
emitting chip 42 according to a location of a preceding
vehicle or an oncoming vehicle to suppress generation
of glare light to the preceding vehicle or the oncoming
vehicle.

(Power feeding connector 44)

[0039] The power feeding connector 44 is a connector
to which an external connector for feeding power is con-
nected, is arranged on the second substrate 41, and is
electrically connected to a conductive pattern to the sec-
ond light emitting chip 42 formed on the second substrate
41, as illustrated in FIG. 3.

(Lens 50)

[0040] The lens 50 is a member which is made of glass,
resin, or the like, and which performs light distribution
control to illuminate the light beams from the first light
emitting chip 24 and the second light emitting chip 42 so
that a predetermined light distribution pattern is formed
forward, and is attached with the heat sink 20 via a lens
holder 50a.
[0041] It is noted that a specific configuration for the
light distribution control in the lens 50 will be mentioned
later.
[0042] Although a material to form the lens 50 is not
particularly limited, but the lens 50 is preferably made of
resin from a viewpoint that the resin has a good molda-
bility.
[0043] For example, from a viewpoint of easily sup-
pressing generation of blue spectral color, an acrylic-
based resin having a small wavelength dependency of a
refractive index is preferable.
[0044] On the other hand, if the ADB control is per-
formed, the number of the second light emitting chips 42
increases, and therefore, the lens 50 may be required to
have heat resistance.
[0045] In such a case, a polycarbonate-based resin
excellent in heat resistance may be employed.

(First reflection unit 61)

[0046] The first reflection unit 61 is a member for re-
flecting part of the light emitted vertically downward from
each of the second light emitting chips 42, and is attached
to the attachment member 40.
[0047] In the present embodiment, although a reason
will be described later, the first reflection unit 61 reflects
the light emitted vertically downward at an angle θ2 larger
than about 17° with respect to the basic optical axis (see
Z axis) passing through the rear basic focal point O of
the lens 50.

(Second reflection unit 62)

[0048] The second reflection unit 62 is a member for
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reflecting part of light emitted vertically upward from each
of the second light emitting chips 42.
[0049] The second reflection unit 62 is provided verti-
cally below the shade 31, and is attached, together with
the shade 31, to the attachment member 40.
[0050] It is noted that in the present embodiment, the
second reflection unit 62 is arranged such that the re-
flecting surface of the second reflection unit 62 is sub-
stantially parallel to a light emission optical axis OZ pass-
ing through a light emission center of the second light
emitting chips 42.
[0051] Next, the embodiment will be described in more
detail while describing a configuration related to the light
distribution control.
[0052] FIGS. 4(a) and 4(b) are views each explaining
a shape of an incident surface 51 of the lens 50, where
FIG. 4(a) is a vertical cross-sectional view along the basic
optical axis (see Z axis) passing through the rear basic
focal point O of the lens 50 and FIG. 4(b) is a horizontal
cross-sectional view along the basic optical axis (see Z
axis) passing through the rear basic focal point O of the
lens 50.
[0053] Moreover, FIG. 5 is a view for explaining a meth-
od of designing the incident surface used for suppressing
a collapsed light distribution due to an off-axis aberration.
[0054] It is noted that a lens L illustrated in FIG. 5 illus-
trates a horizontal cross-sectional view of a lens having
a basic shape for forming the lens 50.
[0055] FIG. 5 illustrates an example of a state where
a beam of light parallel to an optical axis P of the lens L
enters the lens L from one surface S1 and exits from the
other surface S2. It is noted that an extended line of the
beam of light before entering the one surface S1 and an
extended line of the beam of light after exiting from the
other surface S2 are indicated with a dashed line, and a
point D is a point at which these extended lines intersect
(see a point at which the dashed lines intersect).
[0056] If an incident position of the beam of light en-
tering the one surface S1 is changed along the one sur-
face S1 to evaluate the point D as in the above, a trajec-
tory of the point D is as indicated with a dotted line, and
the trajectory indicated with the dotted line is a principal
surface SML of the lens L.
[0057] Further, a point at which the optical axis P of
the lens L and the principal surface SML intersect is a
principal point SP of the lens L.
[0058] When the principal surface SML is a true circle
(circle of Apollon) around a basic focal point BF, the off-
axis aberration is not present, and thus, to suppress the
off-axis aberration of the lens L, the other surface S2 may
be formed so that a distance K between the basic focal
point BF of the lens L and the point D is constant at a
focal length F.
[0059] Here, if an offense against the sine condition
OSC = K - F is defined as an evaluation amount repre-
senting a degree of off-axis aberration, when the offense
against the sine condition OSC is evaluated along the
principal surface SML, more off-axis aberration is sup-

pressed as values of the offense against the sine condi-
tion are closer to zero.
[0060] It is noted that since it is possible to express K
= W/sin θ’, the offense against the sine condition OSC
can be described as an offense against the sine condition
OSC = W/sin θ’ - F.
[0061] If the shape of the incident surface is evaluated
so that the offense against the sine condition OSC is
small, the shape obtained will have a radius of curvature
continuously larger toward a radial direction (that is, an
outer peripheral edge direction of the lens 50) with re-
spect to a point M (see FIG. 4) at which the basic optical
axis (see Z axis) passing through the rear basic focal
point O (see FIG. 3) of the lens 50 intersects the incident
surface 51.
[0062] On the other hand, the lens 50 of the present
embodiment is obtained by partially modifying a basic
shape being the shape evaluated based on the offense
against the sine condition OSC, considering performing
light distribution control for a low beam light distribution
pattern and light distribution control for a high beam light
distribution pattern.
[0063] Specifically, as illustrated in FIG. 4(a), the lens
50 includes the incident surface 51 on which the light is
incident, the incident surface 51 includes an upper inci-
dent surface 52 vertically above the basic optical axis
(see Z axis) passing through the rear basic focal point O
(see FIG. 3) of the lens 50 and a lower incident surface
53 vertically below the basic optical axis (see Z axis), and
as described above, and the upper incident surface 52
has a shape with the radius of curvature increasing from
the basic optical axis (see Z axis) side toward the outer
edge of the upper incident surface 52.
[0064] Therefore, when viewed in the cross section il-
lustrated in FIG. 4(a), in the upper incident surface 52
having a curved surface shape projecting rearward, the
radius of curvature Rvc is about 150 mm on the point M
(see FIG. 4) side where the basic optical axis (see Z axis)
and the incident surface 51 intersect, the radius of cur-
vature continuously increases as the upper incident sur-
face 52 moves vertically upward, and the radius of cur-
vature Rvt is about 300 mm on the outer edge side of the
upper incident surface 52.
[0065] On the other hand, when viewed in the cross
section (vertical cross section) illustrated in FIG. 4(a), the
lower incident surface 53 is linear from the point M to a
lower end (lower end Rvb) of the lower incident surface
53 to suppress an influence on the low beam light distri-
bution pattern.
[0066] It is needless to say that a curve having a suf-
ficiently large radius of curvature is linear, as is clear from
the fact that as the radius of curvature approaches infinity,
the curve is as linear as possible.
[0067] For example, in the present embodiment, a di-
ameter of the lens 50 is about 68 mm, and thus, when
viewed in the vertical cross section along the basic optical
axis (see Z axis) passing through the rear basic focal
point O (see FIG. 3) of the lens 50, a vertical width of the
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lower incident surface 53 is about 34 mm, and even if
the lower incident surface 53 is a curved surface project-
ing rearward, when the radius of curvature of the lower
incident surface 53 is sufficiently large with respect to the
width of the lower incident surface 53 of the vertical cross
section along the basic optical axis (see Z axis) (for ex-
ample, in a case of having a radius of curvature equal to
or greater than 20 times the vertical width of the lower
incident surface 53), that is, when the lower incident sur-
face 53 is a sufficiently gentle curved surface having a
constant radius of curvature of about 1000 mm, the lower
incident surface 53 can be said to be sufficiently linear.
[0068] The upper incident surface 52 and the lower
incident surface 53 have the shapes as described above,
and thus, as illustrated in FIG. 4(a), in the vertical cross
section of the basic optical axis (see Z axis) passing
through the rear basic focal point O of the lens (see FIG.
3), an upper end UE of the upper incident surface 52 is
located forward of the lower end Rvb of the lower incident
surface 53.
[0069] On the other hand, in the cross section (hori-
zontal cross section) illustrated in FIG. 4(b), in the upper
incident surface 52, a radius of curvature Rhc is about
250 mm at the point M (see FIG. 4) side where the basic
optical axis (see Z axis) and the incident surface 51 in-
tersect and the radius of curvature continuously increas-
es as the upper incident surface 52 moves horizontally
outward, and at the outer edge side of the upper incident
surface 52, the radii of curvature Rhl and Rhr are both
about 450 mm.
[0070] For the lower incident surface 53, in the hori-
zontal cross section, the radius of curvature similarly be-
comes large continuously toward the outer peripheral
edge side.
[0071] That is, the upper incident surface 52 has a
shape in which the radius of curvature increases from
the side of the basic optical axis (see Z axis) toward the
outer edge of the upper incident surface 52 (a shape in
which the radius of curvature increases radially).
[0072] On the other hand, in consideration of influence
on the low beam light distribution pattern and suppres-
sion of collapsed light distribution, the lower incident sur-
face 53 has a radius of curvature increasing from a hor-
izontal center (Z axis) side toward the horizontal outer
side, and has a shape in which the vertical cross section
is linear.
[0073] When the incident surface 51 on an adjustable
surface in a convex shape is formed on the rear side
provided with the upper incident surface 52 and the lower
incident surface 53 having such a shape, it is possible to
suppress collapsed light distribution due to an off-axis
aberration.
[0074] Incidentally, as illustrated in FIG. 3, behind the
rear basic focal point O of the lens 50 (in this example,
about 2.1 mm behind the rear basic focal point O), the
second light emitting chips 42 are aligned on a horizontal
line passing through a point at a position vertically below
the rear basic focal point O of the lens 50 (in this example,

about 1.8 mm below the rear basic focal point O), and
assuming that light emitted from each of the second light
emitting chips 42 is not disturbed by any object, and each
of the second light emitting chips 42 is not inclined ver-
tically upward as in the present embodiment, if the light
is illuminated toward the lens 50, the light distribution
pattern formed by the light emitted from each of the sec-
ond light emitting chips 42 may be vertically separated.
[0075] Specifically, as in a light distribution pattern on
a screen illustrated in FIG. 6, the light distribution pattern
may be vertically separated.
[0076] It is noted that FIG. 6 simulates a case where
the light from the second light emitting chip 42 arranged
in close proximity to the left side (inner side of the vehicle)
of the vertical axis (see Y axis) passing through the rear
basic focal point O of the lens 50 in FIG. 2 is not reflected
by the first reflection unit 61 nor the second reflection unit
62, and further, the second light emitting chip 42 are ar-
ranged without being inclined obliquely vertically upward,
and the light is illuminated toward the incident surface
51. It is noted that a VU-VL line in FIG. 6 indicates a
vertical reference line on the screen, and an HL-HR line
indicates a horizontal reference line on the screen.
[0077] Further, in FIG. 6, the light distribution pattern
on the screen is indicated by an isophotal contour.
[0078] In the following figures illustrating the light dis-
tribution pattern on the screen, the vertical reference line
on the screen is indicated by the VU-VL line, and the
horizontal reference line on the screen is indicated by
the HL-HR line, and the light distribution pattern is indi-
cated by an isophotal contour.
[0079] That is, a light distribution pattern formed by the
light illuminated forward after being incident on the lens
50 from the upper incident surface 52 appears on the
vertical lower side on the screen, and a light distribution
pattern formed by the light illuminated forward after being
incident on the lens 50 from the lower incident surface
53 appears on the vertical upper side on the screen, pos-
sibly resulting in formation of a vertically separated light
distribution pattern.
[0080] Therefore, in the present embodiment, as de-
scribed below, when a direction in which the light of the
second light emitting chips 42 is emitted is adjusted, and
further, a light amount is adjusted by the first reflection
unit 61 to adjust a shape of an exit surface 54 from which
the light of the lens 50 is illuminated forward, a better
light distribution pattern generally in a rectangular shape
is formed, which will be specifically described below.
[0081] FIGS. 7(a) and 7(b) are views each explaining
the shape of the exit surface 54 of the lens 50, where
FIG. 7(a) is a view where the lens 50 is seen from a rear
side (view where the incident surface 51 is seen from the
front side), and FIG. 7(b) is a vertical cross-sectional view
along the basic optical axis (see Z axis) passing through
the rear basic focal point O of the lens 50.
[0082] As illustrated in FIG. 7(b), the lens 50 includes
the exit surface 54 including an upper exit surface 55
vertically above the basic optical axis (see Z axis) passing
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through the rear basic focal point O (see FIG. 3) of the
lens 50 and a lower exit surface 56 vertically below the
basic optical axis (see Z axis).
[0083] Further, as illustrated in FIG. 7(a), the lower exit
surface 56 includes, as viewed from the incident surface
51 side, a first lower exit surface 56a on a horizontal
center side, an exit surface 56b on a left outside in the
horizontal direction (inner side of the vehicle), and an exit
surface 56c on a right outside (outer side of the vehicle)
in the horizontal direction.
[0084] It is noted that hereinafter, if the exit surface 56b
and the exit surface 56c are collectively referred to, the
second lower exit surfaces 56b and 56c may be men-
tioned.
[0085] That is, the lower exit surface 56 includes the
first lower exit surface 56a on the horizontal center side,
and the two second lower exit surfaces 56b and 56c lo-
cated at the horizontal outer side of the first lower exit
surface 56a.
[0086] The first lower exit surface 56a is a region from
which light from the first light emitting chip 24 (see FIG.
3) configured to emit light for forming the low beam light
distribution pattern is mainly illuminated forward, the sec-
ond lower exit surfaces 56b and 56c located horizontally
outside the first lower exit surface 56a are regions where
light from the first light emitting chip 24 (see FIG. 3) is
hardly illuminated forward, that is, regions not greatly
contributing to the formation of the low beam light distri-
bution pattern.
[0087] Specifically, assuming that a point light source
exists at the rear basic focal point O (see FIG. 7(b)) of
the lens 50, a region where the light whose angle widened
to the left and right in the horizontal direction of the light
emitted from the point light source (the angle to the basic
optical axis (see Z axis) passing through the rear basic
focal point O of the lens 50) is within 28 degrees is incident
from the incident surface 51 and illuminated forward is
defined as the first lower exit surface 56a, and regions
horizontally outside the above region are defined as the
second lower exit surfaces 56b and 56c.
[0088] When the shapes of the second lower exit sur-
faces 56b and 56c having a low degree of contribution
to the low beam light distribution pattern are adjusted,
the separation as illustrated in FIG. 6 in the high beam
light distribution pattern is suppressed and the light dis-
tribution pattern is brought closer to a rectangular light
distribution pattern while not affecting the low beam light
distribution pattern.
[0089] Although described later, a similar operation is
performed also on the upper exit surface 55.
[0090] That is, as illustrated in FIG. 7(a), as it is closer
to the outer peripheral edge side from a position Q1 on
the side of the first lower exit surface 56a on the vertical
upper side, assuming that the point light source is present
at the rear basic focal point O of the lens 50 (see FIG.
7(b)), the second lower exit surfaces 56b and 56c are
formed in a shape allowing the light from the point light
source to be illuminated vertically downward on the

screen.
[0091] To be more specifically described, a position of
the outer peripheral edge at the horizontal outer side from
the position Q1 is defined as a position Q2, a position of
the peripheral edge vertically below the position Q1 is
defined as a position Q3, and a position which is a vertex
of a right angled triangle other than the position Q2 and
the position Q3 obtained when a right angled triangle
formed by connecting the position Q1, the position Q2,
and the position Q3 is symmetrical with a straight line
connecting the position Q2 and the position Q3, is defined
as a position Q4.
[0092] Assuming a rectangular shape obtained by con-
necting these four positions (the position Q1, the position
Q2, the position Q3, and the position Q4), the more light
is illuminated vertically downward on the screen as ap-
proaching from the position Q1 to the position Q2, and
at the position Q2, the second lower exit surfaces 56b
and 56c are shaped to illuminate the light at 1.5 degrees
downward of a horizontal reference line on the screen
(in FIG. 7, the downward direction is indicated by a minus
sign).
[0093] Similarly, the more light is illuminated vertically
downward on the screen as approaching from the posi-
tion Q1 to the position Q3, and at the position Q3, the
second lower exit surfaces 56b and 56c are shaped to
illuminate the light at 1.5 degrees downward of a hori-
zontal reference line on the screen (in FIG. 7, the down-
ward direction is indicated by a minus sign).
[0094] In addition, the more light is illuminated vertical-
ly downward on the screen as approaching from the po-
sition Q1 to the position Q4, and if the lens 50 is virtually
present to the position Q4, then at the position Q4, the
second lower exit surfaces 56b and 56c are shaped to
illuminate the light 1.5 degrees downward of a horizontal
reference line on the screen (in FIG. 7, the downward
direction is indicated by a minus sign).
[0095] However, in reality, the lens 50 does not exist
up to the position Q4, so the illuminated light does not
reach 1.5 degrees downward of the horizontal reference
line at the outer peripheral edge which is an end of the
actual lens 50.
[0096] In the above, the portions from the position Q1
toward the position Q2, the position Q3, and the position
Q4 are described, and the same applies to from the Q1
to each point on the line connecting the position Q2 and
the position Q4 and to each point on the line connecting
the position Q4 and the position Q3.
[0097] Therefore, as illustrated in FIG. 7(a), toward the
outer peripheral edge radially from the position Q1 on
the side of the first lower exit surface 56a on the vertical
upper side (that is, the position on the basic optical axis
Z side (point M side)), assuming that the point light source
is present at the rear basic focal point O of the lens 50
(see FIG. 7(b)), the second lower exit surfaces 56b and
56c are formed in a shape allowing the light from the
point light source to be illuminated vertically downward
on the screen.
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[0098] Further, the light illuminated forward from the
lower exit surface 56 forms a light distribution pattern
appearing on the vertical upper side on the screen, and
as described above, when the shapes of the second low-
er exit surfaces 56b and 56c are adjusted, the light is
distributed so that the upper side of the upper light dis-
tribution pattern illustrated in FIG. 6 is located on the low-
er side and horizontally widened slightly, and thus, the
upper light distribution pattern is closer to a rectangular
light distribution pattern and expanded toward the lower
light distribution pattern appearing on the screen, and a
light is distributed to be controlled in a direction in which
the two separate light distribution patterns are integrated.
[0099] On the other hand, the light illuminated forward
from the upper exit surface 55 forms a light distribution
pattern appearing on the vertical lower side on the
screen, and when the shape of the upper exit surface 55
is adjusted to expand upward the lower light distribution
pattern illustrated in FIG. 6 to obtain a shape closer to a
rectangular shape, the lower light distribution pattern can
be integrated with the light distribution pattern appearing
on the vertical upper side on the screen formed by the
light form the lower exit surface 56, and the light distri-
bution pattern obtained when the two light distribution
patterns are multiplexed can be brought closer to a rec-
tangular shape.
[0100] The upper exit surface 55 will be described be-
low.
[0101] As illustrated in FIG. 7(b), assuming that the
point light source is present at the rear basic focal point
O, if the light from the point light source is illuminated
toward the front of the lens 50, as the upper exit surface
55 moves vertically upward, the upper exit surface 55 is
formed in a shape to distribute the light downward on the
center side of the lens 50 and distribute the light upward
on the upper side of the lens 50.
[0102] More specifically, on the vertical lower side of
the upper exit surface 55 (boundary side with the lower
exit surface 56), as illustrated by a beam of light L1 (over-
lapping with the Z axis) illustrated in FIG. 7(b), although
the light from the point light source is illuminated in the
substantially horizontal direction, the upper exit surface
55 is formed in a shape to continuously illuminate the
light from the point light source vertically downward as
the upper exit surface 55 moves vertically upward, and
at the lowest illumination position, as indicated by a beam
of light L2, the upper exit surface 55 is designed to illu-
minate the light at 1.2 degrees vertically downward of the
horizontal reference line on the screen (in FIG. 7, the
downward direction is indicated by a minus sign).
[0103] Thereafter, the upper exit surface 55 is formed
in a shape to continuously illuminate the light from the
point light source vertically upward as the upper exit sur-
face 55 moves further vertically upward, and at the ver-
tically uppermost position of the upper exit surface 55,
as indicated by a beam of light L3, the upper exit surface
55 is designed to illuminate the light at 0.7 degree verti-
cally upward of the horizontal reference line on the

screen.
[0104] As described above, assuming that the point
light source is present at the rear basic focal point O, as
the upper exit surface 55 moves vertically upward, when
the upper exit surface 55 is shaped to illuminate the light
from the point light source vertically upward after illumi-
nating the light vertically downward, the light can be dis-
tributed so that a vertically lower rounded portion in the
lower light distribution pattern illustrated in FIG. 6 is
placed in the upper side to widen a light distribution range
vertically upward while bringing the light distribution pat-
tern on the vertical lower side close to a rectangular
shape.
[0105] Further, if such a light distribution pattern can
be formed where the light illuminated from the upper exit
surface 55 is distributed vertically upward after continu-
ously distributing the light vertically downward as the up-
per exit surface 55 moves vertically upward, the influence
of a spectrum of the lens 50 can be suppressed, and a
spectral color appearing at a lower end of the light distri-
bution pattern formed by the light illuminated from the
upper exit surface 55 can also be suppressed.
[0106] Further, if the exit surface 54 on an adjustable
surface in a convex shape is formed on the front side
provided with the lower exit surface 56 and the upper exit
surface 55 having the shapes as described above, and
as illustrated in FIG. 3, the second light emitting chip 42
is arranged so that the light emitting surface thereof is
inclined vertically upward so that the light emission opti-
cal axis OZ passing through a light emission center of
the second light emitting chip 42 intersects with an inter-
mediate portion in the vertical direction of the upper in-
cident surface 52 to increase an amount of light illumi-
nated from the upper exit surface 55, light distribution
patterns as illustrated in FIGS. 8(a), 8(b), and 8(c) are
formed.
[0107] FIGS. 8(a), 8(b), and 8(c) are views each illus-
trating a light distribution pattern on a screen formed be-
fore the first reflection unit 61 and the second reflection
unit 62 according to the present embodiment are provid-
ed, where FIG. 8(a) is a view illustrating a light distribution
pattern formed by the light illuminated from the upper exit
surface 55, FIG. 8(b) is a view illustrating a light distribu-
tion pattern formed by the light illuminated from the lower
exit surface 56, and FIG. 8(c) is a view illustrating a light
distribution pattern formed by the light from the second
light emitting chip 42, the light distribution pattern being
multiplexed with the light distribution patterns in FIG. 8(a)
and FIG. 8(b).
[0108] As can be seen from FIGS. 8(a), 8(b), and 8(c),
the light distribution pattern formed by the light illuminat-
ed from the upper exit surface 55 (see FIG. 8(a)) and the
light distribution pattern formed by the light illuminated
from the lower exit surface 56 (see FIG. 8(b)) are shaped
to be generally highly close to a rectangular shape, and
can be sufficiently overlapped in the vertical direction if
these light distribution patterns are multiplexed.
[0109] Therefore, as illustrated in FIG. 8(c), the light
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distribution pattern formed by multiplexing the light dis-
tribution patterns illustrated in FIGS. 8(a) and 8(b) will
not generate a crack as illustrated in FIG. 6, and is formed
to be generally highly close to a rectangular shape.
[0110] On the other hand, as seen in the light distribu-
tion pattern of FIG. 8(b), there is a high intensity band on
the vertical upper side, and therefore, even in the light
distribution pattern of FIG. 8(c), there is a small high in-
tensity band on the vertical upper side.
[0111] Therefore, in the present embodiment, as illus-
trated in FIG. 3, the separation of the high intensity band
is further suppressed by mainly providing the first reflec-
tion unit 61.
[0112] Specifically, as described above with reference
to FIG. 3, among the light beams emitted vertically down-
ward from each of the second light emitting chips 42, the
light beams emitted vertically downward at an angle θ2
larger than about 17° with respect to the basic optical
axis (see Z axis) passing through the rear basic focal
point O of the lens 50 is reflected toward the upper inci-
dent surface 52 to limit the light incident on the lens 50
from the lower incident surface 53.
[0113] That is, the first reflection unit 61 reflects verti-
cally upward some of the light beams toward the lower
incident surface 53, among the light beams illuminated
from each of the second light emitting chips 42 to the
lens 50, to increase an amount of light incident on the
upper incident surface 52 compared to an amount of light
incident on the lower incident surface 53.
[0114] In the present embodiment, the first reflection
unit 61 reflects the light beams toward the upper incident
surface 52, among the light beams emitted directly to-
ward the lower incident surface 53 from the second light
emitting chips 42, so that the amount of light incident on
the lower incident surface 53 is half or less (in the present
example, substantially reduced to half) of that.
[0115] It is noted that the amount of light is not reduced
necessarily to half or less, and for example, the amount
of light is preferably reduced to about 1/3 to 6/7.
[0116] In this way, the amount of light in the light dis-
tribution pattern formed by the light illuminated from the
lower exit surface 56 after being incident on the lens 50
from the lower incident surface 53, that is, the light dis-
tribution pattern appearing on the upper side on the
screen, can be reduced to half.
[0117] It is noted that as illustrated in FIG. 3, the light
reflected by the first reflection unit 61 is to be illuminated
from the upper exit surface 55 upward by about 5 degrees
than the horizontal reference line on the screen, and is
distributed to a vertically upper outer periphery of the light
distribution pattern illustrated in FIG. 8(a).
[0118] Further, in the embodiment, a light diffusion
structure configured to diffuse the light is provided on the
incident surface 51 to obtain uniform light distribution.
[0119] FIG. 9 is a view for explaining the light diffusion
structure formed on the light incident surface 51.
[0120] In FIG. 9, a view illustrating a shape of the light
diffusion structure is also illustrated as an enlarged view.

[0121] As illustrated in FIG. 9, the light diffusion struc-
ture divides the incident surface 51 into four regions (a
first region 57a, a second region 57b, a third region 57c,
and a fourth region 57d) to adjust a light diffusion amount.
[0122] The light diffusion structure formed in each of
the regions (the first region 57a, the second region 57b,
the third region 57c, and the fourth region 57d) has a
structure formed with a plurality of recesses and projec-
tions, as illustrated in the enlarged view, where an
amount of recesses and projections (height of recesses
and projections) is set according to each region to adjust
the light diffusion amount.
[0123] It is noted that in the present embodiment, the
light diffusion structure formed with rounded recesses
and projections is illustrated, but the light diffusion struc-
ture may have a ridge line having a rectangular shape or
a diamond shape, and may have a concave or convex
structure of a square pyramid.
[0124] In addition, a basic shape of the incident surface
51 may be retained between the projections and between
the recesses and the projections, and the light diffusion
amount may be adjusted by adjusting a density of the
projections and that of the recesses and the projections.
[0125] Specifically, in the first region 57a correspond-
ing to the lower incident surface 53, the amount of re-
cesses and projections is set to 5 mm in consideration of
an influence on the low beam light distribution pattern,
and gradation is added to the light distribution pattern
illustrated in FIG. 8(b) to make less noticeable the high
intensity band seen in FIG. 8(b).
[0126] On the other hand, as regions corresponding to
the upper incident surface 52, the three regions, that is,
the second region 57b on the horizontal center side, the
third region 57c on the right side (outer side of the vehicle)
in the horizontal direction of the second region 57b, and
the fourth region 57d on the left side (inner side of the
vehicle) in the horizontal direction of the second region
57b, are set, and the amount of recesses and projections
of the second region 57b is set to 6 mm, which means
that the light diffusion amount is set larger than that of
the light diffusion structure formed on the lower incident
surface 53.
[0127] The gradation is strongly added by increasing
the light diffusion amount of the second region 57b, and
the inner side in the light distribution pattern of FIG. 8(a)
is expanded outward to bring the light distribution shape
much closer to a rectangular shape and to realize uniform
light amount.
[0128] On the other hand, in the third region 57c and
the fourth region 57d located at the horizontal outer side
of the second region 57b, the amount of recesses and
projections is kept to 4 mm and the amount of gradation
is kept small to retain the rectangular shape of the light
distribution pattern and to increase the uniformity of the
light distribution when the amount of gradation matches
with the gradation in the second region 57b.
[0129] FIGS. 10(a), 10(b), and 10(c) are views each
illustrating a light distribution pattern on the screen of the

17 18 



EP 3 537 030 A1

11

5

10

15

20

25

30

35

40

45

50

55

vehicle lamp according to the present embodiment,
where FIG. 10(a) illustrates a light distribution pattern
formed by light illuminated from the upper exit surface
55, FIG. 10(b) illustrates a light distribution pattern
formed by light illuminated from the lower exit surface
56, and FIG. 10(c) is a view illustrating a light distribution
pattern formed by the light from the second light emitting
chip 42, the light distribution pattern being multiplexed
with the light distribution patterns in FIG. 10(a) and FIG.
10(b).
[0130] As illustrated in FIGS. 10(a), 10(b), and 10(c),
when the first reflection unit 61 and the light diffusion
structure are provided, the light diffusion pattern of FIG.
10(a) is closer to a rectangular shape than that of FIG.
8(a), and likewise, the light distribution pattern of FIG.
10(b) is closer to a rectangular shape than that of FIG.
8(b).
[0131] Further, as can be seen from FIG. 10(c), the
light distribution pattern multiplexed with these light dis-
tribution patterns is a good pattern in that it has one high
intensity band and a generally fine rectangular shape.
[0132] The aforementioned light distribution patterns
are all formed by the light from the second light emitting
chip 42 arranged in proximity to the left side (inner side
of the vehicle) of the vertical axis (see Y axis) passing
through the rear basic focal point O of the lens 50, in a
front view seen from the vehicle front side in FIG. 2, but
the influence of the collapsed light distribution due to the
off-axis aberration tends to appear in the light distribution
pattern formed by the light from the second light emitting
chip 42 farthest from the vertical axis (see Y axis) passing
through the rear basic focal point O of the lens 50.
[0133] Therefore, FIG. 11 illustrates a light distribution
pattern formed by the light from the second light emitting
chip 42 arranged at a position farthest to the left side
(inner side of the vehicle) from the vertical axis (see Y
axis) passing through the rear basic focal point O of the
lens 50, in a front view seen from the vehicle front side
in FIG. 2.
[0134] As can be seen from FIG. 11, in the present
embodiment, the incident surface 51 is formed according
to the shape as described above to suppress the off-axis
aberration, and thus, the light distribution pattern has a
fine rectangular shape, and the collapsed light distribu-
tion due to the off-axis aberration is greatly suppressed.
[0135] Thus, the present invention has been described
above based on the specific embodiment; however, the
present invention is not limited to the above embodiment.
[0136] For example, in the above embodiment, as de-
scribed with reference to FIG. 4(a), in the upper incident
surface 52, the radius of curvature Rvc is about 150 mm
on the point M (see FIG. 4) side, and the radius of cur-
vature continuously increases as the upper incident sur-
face 52 moves vertically upward, and the radius of cur-
vature Rvt on the outer edge side is about 300 mm, and
therefore, the upper incident surface 52 has a gradually
changing curved surface where an average radius of cur-
vature obtained by averaging the radii of curvature from

the point M to the outer edge is relatively small.
[0137] On the other hand, the lower incident surface
53 is linear from the point M to the lower end Rvb to
suppress the influence on the low beam light distribution
pattern, and the average radius of curvature obtained by
averaging the radii of curvature from point M to the lower
end Rvb (including a complete straight line (having the
infinite radius of curvature) from point M to the lower end
Rvb) is larger than the average curvature radius of the
upper incident surface 52.
[0138] The lower incident surface 53 may have an av-
erage curvature radius which is larger than that of the
upper incident surface 52 and which can suppress the
influence on the low beam light distribution pattern, and
the lower incident surface 53 may have a radius of cur-
vature gradually changed in radius of curvature from the
point M toward the lower end Rvb.
[0139] For example, the lower incident surface 53 may
be a curved surface where the radius of curvature is grad-
ually changed in that the radius of curvature Rvc of the
lower incident surface 53 on the point M (see FIG. 4) side
is about 150 mm, the radius of curvature increases con-
tinuously as the lower incident surface 53 moves verti-
cally downward, and the radius of curvature at the lower
end Rvb is about 1000 mm.
[0140] In this case also, similarly to the above embod-
iment, the lower incident surface 53 has a larger average
radius of curvature than the upper incident surface 52,
and thus, in the vertical cross section of the basic optical
axis (see Z axis) passing through the rear basic focal
point O of the lens (see FIG. 3), the upper end UE (see
FIG. 4) of the upper incident surface 52 is located forward
of the lower end Rvb (see FIG. 4) of the lower incident
surface 53.
[0141] Further, as described above, when the lower
incident surface 53 is a gradually changed curved sur-
face, the influence of the off-axis aberration can be further
suppressed, and the light distribution pattern can be
formed closer to a rectangular shape than the light dis-
tribution pattern illustrated in FIG. 11.
[0142] As described above, in the present invention, a
modification and an improvement without departing from
a technical idea are also included in the technical scope
of the invention, which is apparent to the person skilled
in the art from the description of the claims.
[0143] In the following, the invention described in the
claims initially attached to the request for prior-priority
application is appended. The claim numbers described
in the appendices are as in the claims initially attached
to the request for the prior-priority application.

<Claim 1>

[0144] A vehicle lamp, comprising:

a first light emitting chip for a low beam light distri-
bution;

19 20 



EP 3 537 030 A1

12

5

10

15

20

25

30

35

40

45

50

55

a plurality of second light emitting chips for a
high beam light distribution, the second light
emitting chips being aligned in a horizontal di-
rection;
a lens configured to illuminate forward light from
the first light emitting chip and the second light
emitting chips;
a reflector configured to reflect the light from the
first light emitting chip toward the lens; and
a shade configured to block part of the light re-
flected by the reflector,

wherein
the lens includes:

an upper incident surface vertically above a ba-
sic optical axis passing through a rear basic focal
point of the lens; and
a lower incident surface vertically below the ba-
sic optical axis,
the upper incident surface has a shape with a
radius of curvature increasing from a side of the
basic optical axis toward an outer edge of the
upper incident surface, and
the lower incident surface has a shape with a
radius of curvature increasing from a center side
in the horizontal direction toward an outer side
in the horizontal direction, and with a linear ver-
tical cross section.

<Claim 2>

[0145] The vehicle lamp according to claim 1, wherein
the lens includes:

an upper exit surface vertically above the basic op-
tical axis; and
a lower exit surface vertically below the basic optical
axis,
the upper exit surface is shaped to distribute verti-
cally downward light illuminated forward from the
lens on a vertical center side of the lens, and to dis-
tribute vertically upward the light on a vertical upper
side of the lens,
the lower exit surface includes:

a first lower exit surface on a horizontal center
side; and
two second lower exit surfaces located horizon-
tally outward of the first lower exit surface, and
the second lower exit surfaces are each shaped
to illuminate vertically downward light from the
rear basic focal point, as a side of an outer pe-
ripheral edge of the second lower exit surface
is approached, from a position on a side of the
basic optical axis toward the outer peripheral
edge of the second lower exit surface.

<Claim 3>

[0146] The vehicle lamp according to claim 1 or 2,
wherein the second light emitting chips are arranged be-
hind and vertically below the rear basic focal point of the
lens, and
each of the second light emitting chips is arranged such
that a light emitting surface thereof is inclined vertically
upward so that a light-emitting optical axis passing
through a light emitting center intersects the upper inci-
dent surface.

<Claim 4>

[0147] The vehicle lamp according to any one of claims
1 to 3, comprising:

a first reflection unit configured to reflect vertically
upward part of light emitted from the second light
emitting chips toward the lower incident surface; and
a second reflection unit configured to reflect vertically
downward part of light emitted vertically upward from
the second light emitting chips.

<Claim 5>

[0148] The vehicle lamp according to claim 4, wherein
the first reflection unit reflects light so that an amount of
light beams incident on the lower incident surface, among
light beams emitted directly toward the lower incident sur-
face from the second light emitting chips, is reduced to
1/3 to 2/3.

<Claim 6>

[0149] The vehicle lamp according to any one of claims
1 to 5, comprising: light diffusion structures formed on
the lower incident surface and the upper incident surface,
the light diffusion structures being configured to diffuse
light incident on the lens, wherein
the light diffusion structure formed on a horizontal center
side of the upper incident surface is set to diffuse more
light than the light diffusion structure formed on the lower
incident surface.

REFERENCE SIGNS LIST

[0150]

10 Lamp unit
20 Heat sink
21 Base unit
22 Radiation fin
23 First substrate
24 First light emitting chip
25 First light source
26 Mounting unit
27 Holder
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30 Reflector
30a Reflecting surface
31 Shade
31a Edge
40 Attachment member
40a First surface
41 Second substrate
42 Second light emitting chip
43 Second light source
44 Power feeding connector
50 Lens
50a Lens holder
51 Incident surface
52 Upper incident surface
53 Lower incident surface
54 Exit surface
55 Upper exit surface
56 Lower exit surface
56a First lower exit surface
56b, 56c Second lower exit surface (exit sur-

face)
57a First region
57b Second region
57c Third region
57d Fourth region
61 First reflection unit
62 Second reflection unit
101L, 101R Vehicle head lamp
102 Vehicle
BF Basic focal point
D Point
F Focal length
K Distance
L Lens
M Point
O Rear basic focal point
OSC Offense against sine condition
OZ Light-emitting optical axis
P Optical axis
Q1, Q2, Q3, Q4 Position
S1 One surface
S2 Other surface
SML Primary surface
SP Principal point
θ1, θ2 Angle

Claims

1. A vehicle lamp, comprising:

a first light emitting chip for a low beam light dis-
tribution;
a plurality of second light emitting chips for a
high beam light distribution, the second light
emitting chips being aligned in a horizontal di-
rection;
a lens configured to illuminate forward light from

the first light emitting chip and the second light
emitting chips;
a reflector configured to reflect the light from the
first light emitting chip toward the lens; and
a shade configured to block part of the light re-
flected by the reflector, wherein
the lens includes:

an upper incident surface vertically above
a basic optical axis passing through a rear
basic focal point of the lens; and
a lower incident surface vertically below the
basic optical axis,

the upper incident surface has a shape with a
radius of curvature increasing from a side of the
basic optical axis toward an outer edge of the
upper incident surface, and
the lower incident surface has a shape with a
radius of curvature increasing from a center side
in the horizontal direction toward an outer side
in the horizontal direction, and with a linear ver-
tical cross section.

2. The vehicle lamp according to claim 1, wherein the
second light emitting chips are arranged behind and
vertically below the rear basic focal point of the lens,
and
each of the second light emitting chips is arranged
such that a light emitting surface thereof is inclined
vertically upward so that a light-emitting optical axis
passing through a light emitting center intersects the
upper incident surface.

3. The vehicle lamp according to claim 1, comprising:

a first reflection unit configured to reflect verti-
cally upward part of light emitted from the sec-
ond light emitting chips toward the lower incident
surface; and
a second reflection unit configured to reflect ver-
tically downward part of light emitted vertically
upward from the second light emitting chips.

4. The vehicle lamp according to claim 3, wherein the
first reflection unit reflects light so that an amount of
light beams incident on the lower incident surface,
among light beams emitted directly toward the lower
incident surface from the second light emitting chips,
is reduced to 1/3 to 6/7.

5. The vehicle lamp according to claim 1, comprising:
light diffusion structures formed on the lower incident
surface and the upper incident surface, the light dif-
fusion structures being configured to diffuse light in-
cident on the lens, wherein
the light diffusion structure formed on a horizontal
center side of the upper incident surface is set to
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diffuse more light than the light diffusion structure
formed on the lower incident surface.

6. A vehicle lamp, comprising:

a first light emitting chip for a low beam light dis-
tribution;
a plurality of second light emitting chips for a
high beam light distribution, the second light
emitting chips being aligned in a horizontal di-
rection;
a lens configured to illuminate forward light from
the first light emitting chip and the second light
emitting chips;
a reflector configured to reflect the light from the
first light emitting chip toward the lens; and
a shade configured to block part of the light re-
flected by the reflector, wherein
the lens includes:

an upper incident surface vertically above
a basic optical axis passing through a rear
basic focal point of the lens; and
a lower incident surface vertically below the
basic optical axis, and

in a vertical cross section along a basic optical
axis passing through a rear basic focal point of
the lens, an upper end of the upper incident sur-
face is located forward of a lower end of the lower
incident surface.
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