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(54) Vehicle lamp

(57) A vehicle lamp (10) includes a light source (14,
14’) having a light emitting-surface (14a, 14’A), a first
lens (12) configured to deflect a first part of direct light

from the light source (14, 14’) to form a first light distri-

bution pattern (PC) having a horizontal and oblique cutoff
lines (CL1, CL2) on an upper side of the first light distri-
bution pattern (PC), and a second lens (22) configured

to horizontally diffuse a second part of the direct light
from the light source (14, 14’) to form a second light dis-
tribution pattern (PB1, PB2) that overlaps the first light
distribution pattern (PC). The first lens (12) is a convex

lens, and is disposed on an optical axis (Ax) extending
in a front-rear direction of the vehicle lamp (10). The light

source (14, 14’) is arranged such that the light emitting-
surface (14a, 14’A) faces forward in the front-rear direc-
tion, and such that a bottom side (14a1, 14’A1) of the
light emitting-surface (14a, 14’A) is disposed on a plane
including the optical axis (Ax) and has an end point lo-
cated at a rear focal point (F) of the first lens (12). The
second lens (22) has a shape of a portion of a convex
lens other than a central portion of the convex lens. The
first lens (12) and the second lens (22) are formed as a
single unitary piece such that the second lens (22) ex-
tends around the first lens (12). The first lens (12) and
the second lens (22) have substantially the same maxi-
mum thickness in the front-rear direction.
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Description

[0001] The presentinvention relates to a vehicle lamp
having a surface light source such as a light-emitting de-
vice.

[0002] In recent years, light-emitting devices such as
light-emitting diodes are being used as a light source of
a vehicle lamp.

[0003] JP2009-146665A discloses a vehicle lamp in-
cluding a convex lens disposed on an optical axis ex-
tending in the front-rear direction of the vehicle, and a
light-emitting device disposed adjacent to the rear focal
point of the convex lens. The convex lens deflects direct
light from the light-emitting device to form a light distri-
bution pattern having horizontal and oblique cutoff lines
along its upper side. The vehicle lamp further includes
an auxiliary lens disposed around the convex lens. The
auxiliary lens has an annular shape that surrounds the
convex lens. The convex lens and the auxiliary lens are
formed as a single unitary piece. The auxiliary lens has
a cylindrical surface portion having a center axis that is
parallel to the optical axis and extending at the light emis-
sion center of the light-emitting device.

[0004] The auxiliary lens is configured and arranged
such that the light from the light-emitting device directed
toward a region outside the convex lens enters the cy-
lindrical surface portion. The light that has entered aux-
iliary lens is then reflected by a reflecting surface of the
auxiliary lens, and is output is a forward direction from a
light exit surface of the auxiliary lens. The light output
from the auxiliary lens forms an auxiliary light distribution
pattern in addition to a basic light distribution pattern
formed by light that is output from the convex lens. Thus,
a light beam emitted by the light source can be used
effectively.

[0005] However, the auxiliary lens having the cylindri-
cal surface portion increases the entire thickness of the
lens member, and is difficult to mold, thus resulting in
high cost.

[0006] The present invention has been made in view
the above, and an object of the present invention is to
provide a vehicle lamp having a simplified structure of a
single unitary piece including a convex lens and an aux-
iliary lens surrounding the convex lens.

[0007] Accordingtoanillustrative aspectofthe present
invention, a vehicle lamp includes a light source having
a light emitting-surface, a first lens configured to deflect
a first part of direct light from the light source to form a
first light distribution pattern having a horizontal and ob-
lique cutoff lines on an upper side of the first light distri-
bution pattern , and a second lens configured to horizon-
tally diffuse a second part of the direct light from the light
source to form a second light distribution pattern that
overlaps the first light distribution pattern . The first lens
is a convex lens, and is disposed on an optical axis ex-
tending in a front-rear direction of the vehicle lamp. The
light source is arranged such that the light emitting-sur-
face faces forward in the front-rear direction, and such
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that a bottom side of the light emitting-surface is disposed
on a plane including the optical axis and has an end point
located at a rear focal point of the first lens. The second
lens has a shape of a portion of a convex lens other than
a central portion of the convex lens. The first lens and
the second lens are formed as a single unitary piece such
that the second lens extends around the first lens. The
firstlens and the second lens have substantially the same
maximum thickness in the front-rear direction.

[0008] Other aspects and advantages of the invention
will be apparent from the following description, the draw-
ings and the claims.

[0009] Fig. 1isafrontview of a vehicle lamp according
to an exemplary embodiment of the present invention.
[0010] Fig. 2 is a sectional view of the vehicle lamp
taken along the line II-1l of Fig. 1.

[0011] Fig. 3Ais a horizontal sectional view illustrating
optical paths of light output from an auxiliary lens of the
vehicle lamp.

[0012] Fig. 3B is a vertical sectional view illustrating
optical paths of light output from an auxiliary lens of the
vehicle lamp.

[0013] Fig. 4 is an enlarged view of Fig. 1, illustrating
a convex lens and a light-emitting chip of the vehicle
lamp.

[0014] Fig. 5 a diagram illustrating a basic light distri-
bution pattern PC formed on a virtual vertical screen by
light that is projected forward by the vehicle lamp.
[0015] Fig. 6 a diagram illustrating an upper auxiliary
light distribution pattern formed on the virtual vertical
screen.

[0016] Fig. 7 a diagram illustrating a lower auxiliary
light distribution pattern formed on the virtual vertical
screen.

[0017] Fig. 8A illustrates another exemplary embodi-
ment in which the light-emitting device is arranged such
that the bottom side of the light-emitting device extends
horizontally.

[0018] Fig. 8B illustrates a basic light distribution pat-
tern formed on a virtual vertical screen by the light-emit-
ting device of Fig. 8A.

[0019] Fig. 9A illustrates yet another exemplary em-
bodiment in which a laterally elongated pentagonal light-
emitting device is used.

[0020] Fig. 9B illustrates a basic light distribution pat-
tern formed on a virtual vertical screen by the light-emit-
ting device of Fig. 9A.

[0021] Hereinafter, exemplary embodiments of the
present invention will be described with reference to the
drawings.

[0022] Figs. 1 and 2 illustrate a vehicle lamp 10 ac-
cording to an exemplary embodiment of the present in-
vention. As shown in Figs. 1 and 2, the vehicle lamp 10
includes a convex lens 12 (a first lens) disposed on an
optical axis Ax extending in the front-rear direction of the
lamp 10, an auxiliary lens 22 (a second lens) having an
annular shape that extends around the entire circumfer-
ence of the convex lens 12, a light-emitting device 14 (a
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surface light source) and disposed adjacent to the rear
focal point F of the convex lens 12, a metal plate 16 on
which the light-emitting device 14 is supported, and a
metal support member 18 on which the metal plate 16
and the auxiliary lens 22 are supported and positioned.
The convex lens 12 and the auxiliary lens 22 are formed
as a single unitary piece. The vehicle lamp 10 is used as
a lamp unit of a vehicle headlamp, and may be attached
to a lamp body of the vehicle headlamp such that its op-
tical axis is adjustable.

[0023] The optical axis Ax of the vehicle lamp 10 is
adjusted such that the optical axis Ax is directed down-
ward by about 0.5° to 0.6° with respect to the front-rear
direction of the vehicle.

[0024] The convex lens 12 has a shape like a plano-
convex aspherical lens, and has a convex front surface
12a and a flat rear surface 12b. The sectional shape of
the front surface 12a of the convex lens 12 taken along
the vertical plane including the optical axis Ax has a sec-
tional shape of the front surface of the planoconvex as-
pherical lens, but other sectional shapes of the front sur-
face 12a of the convex lens 12 are somewhat deformed
versions of the sectional shape of the front surface of the
planoconvex aspherical lens. The rear focal point F of
the convex lens 12 is the rear focal point of the convex
lens 12 that is within the vertical plane including the op-
tical axis Ax. The details of the front surface 12a of the
convex lens 12 will be described later.

[0025] The light-emitting device 14 is, for example, a
white light-emitting diode including a light-emitting chip
14a having a laterally elongated rectangular light-emit-
ting surface (e.g., 1 mm by 2 mm) and a substrate 14b
on which the light-emitting chip 14a is supported. The
light-emitting chip 14a is sealed by a thin film which is
formed so as to cover the light-emitting surface. The light-
emitting device 14 may be a light source other than a
light-emitting diode as long as it has a flat light-emitting
surface.

[0026] The light-emitting device 14 is arranged to face
forward such that a bottom side 14a1 of the light-emitting
chip 14a is disposed within an inclined plane that is in-
clined upward toward the self-lane side from the horizon-
tal plane including the optical axis Ax by an angle 6 (e.g.,
15°), and that the end point of the bottom side 14a1 is
located at the rear focal point F of the convex lens 12.
[0027] The auxiliary lens 22 has an annular shape ob-
tained by removing a central portion of a convex lens
having a center axis Ax1 that is parallel to the optical axis
Ax and extending at the emission center O of the light-
emitting device 14 (i.e., the center of the light-emitting
chip 14ain a front view of the vehicle lamp 10). The aux-
iliary lens 22 has a light entrance surface 22b which re-
fracts light coming directly from the light-emitting device
14 so that it is directed away from the axis Ax1 and a
light exit surface 22a which outputs forward light coming
from the light entrance surface 22b.

[0028] The maximum thickness of the auxiliary lens 22
in the front-rear direction (i.e., the direction of the optical
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axis Ax) is substantially the same as the maximum thick-
ness of the convex lens 12. The diameter of the front
edge of the light exit surface 22a, i.e., the front end of
the inner circumferential surface 22c, of the auxiliary lens
22 is substantially the same as the diameter of a bound-
ary 12a1 between the front surface 12a of the convex
lens 12 and the auxiliary lens 22.

[0029] The light entrance surface 22b of the auxiliary
lens 22 is flush with the light entrance surface 12b of the
convex lens 12. That s, the surface, opposed to the light-
emitting device 14, of the lens piece is flat as a whole.
[0030] A flange 22¢ is provided to protrude in a direc-
tion perpendicular to the axis Ax1 from the outer circum-
ference of the light exit surface 22a of the auxiliary lens
22.

[0031] The metal plate 16 is positioned and supported
by the support member 18 disposed behind the convex
lens 12 and the auxiliary lens 22. The support member
18 is arranged to surround the convex lens 12 and the
auxiliary lens 22. A front end portion of the support mem-
ber 18 is a ring portion 18a which surround the auxiliary
lens 22 along its entire circumference. The ring portion
18a is formed with a positioning groove 18b in a pre-
scribed angular range with the optical axis Ax as the cent-
er line.

[0032] The flange 22e of the auxiliary lens 22 is fitted
into the positioning groove 18b, whereby the convex lens
12 and the auxiliary lens 22 are positioned with respect
to and supported by the support member 18. The convex
lens 12 and the auxiliary lens 22 are positioned not only
in the front-rear direction but also in the vertical direction,
the horizontal direction, and the rotation direction in a
plane that is perpendicular to the front-rear direction.
[0033] Fig. 2 also illustrates optical paths of light emit-
ted from the emission center O of the light-emitting device
14. Light emitted by the light-emitting device 14 and en-
tered the convex lens 12 exits the convex lens 12 as
parallel light that is directed slightly downward with re-
spect to the vertical direction, and as rightwardly diffused
light and upwardly and leftwardly diffused light with re-
spect to the horizontal direction.

[0034] Figs. 3A and 3B show optical paths of light rays
that are emitted by the light-emitting device 14 and pass-
ing through the auxiliary lens 22.

[0035] The auxiliary lens 22 is configured such that the
portion above the optical axis Ax and the portion below
the optical axis Ax output light in a different manner as
shown in Figs. 3A and 3B. Fig. 3A is a sectional view
taken along the horizontal plane including the optical axis
Ax of the vehicle lamp 10, and Fig. 3B is a sectional view
taken along the vertical plane including the optical axis
Ax of the vehicle lamp 10.

[0036] As shown in Fig. 3A, in the horizontal direction,
the auxiliary lens 22 is configured so as to refract by its
light entrance surface 22b and then again refract result-
ing light by its light exit surface 22a which is shaped like
a peripheral portion of a convex lens. In this manner, the
auxiliary lens 22 outputs light that is diffused on the left
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side and the right side more than light that is output from
the convex lens 12.

[0037] On the other hand, as shown in Fig. 3B, in the
vertical direction, the auxiliary lens 22 outputs light that
is directed a little more downward than light that is output
from the convexlens 12. The auxiliary lens 22 is designed
so that light that is output from a light exit surface 22a1
located over the optical axis Ax is diffused less in the
vertical direction than light that is output from a light exit
surface 22a2 located under the optical axis Ax. Further-
more, a light distribution pattern (an upper auxiliary light
distribution pattern) that is formed on a virtual vertical
screen by the light emitted from the light exit surface 22a1
is concentrated in a region that is closer to the optical
axis than a region where a light distribution pattern (a
lower auxiliary light distribution pattern) that is formed on
the virtual vertical screen by the light emitted from the
light exit surface 22a2 is concentrated.

[0038] The upperauxiliary light distribution pattern and
the lower auxiliary light distribution pattern are superim-
posed on a light distribution pattern of the convexlens 12.
[0039] Fig. 4 is an enlarged view of Fig. 1, illustrating
the convex lens 12 and the light-emitting chip 14a.
[0040] As shown in Fig. 4, the front surface 12a of the
convex lens 12 includes a horizontal diffusion region Z1
on the opposing-lane side of the vertical plane including
the optical axis Ax, and an oblique diffusion region Z2 on
the self-lane side of the vertical plane including the optical
axis Ax.

[0041] The horizontal diffusion region Z1 is divided into
a plurality of cells C1, and light exit directions are set for
the respective cells C1.

[0042] More specifically, as indicated by arrows in Fig.
4, leftward light exit directions having somewhat large
angles are set for cells C1 located close to a boundary
line B. Rightward light exit directions having somewhat
large angles are set for cells C1 located close to the outer
periphery of the convex lens 12. Intermediate light exit
directions are set for middle cells C1. In each horizontal
row, the light exit direction is varied gradually in the hor-
izontal plane from the cell C1 adjacent to the boundary
line B to the cell C1 adjacent to the outer periphery of the
convex lens 12.

[0043] The oblique diffusion region Z2 is divided into
a plurality of cells C2, and light exit directions are set for
the respective cells C2.

[0044] More specifically, as indicated by arrows in Fig.
4, leftward light exit directions that are parallel with curves
L2c and have small angles are set for cells C2 located
close to the boundary line B. Leftward light exit directions
that are parallel with the curves L2c and have somewhat
large angles are set for cells C2 located close to the outer
periphery of the convex lens 12. Intermediate light exit
directions are set for middle cells C2. In the exemplary
embodiment, leftward light exit directions that are parallel
with curves L2c and have small angles are set also for
cells C2 located in a fan-shaped region enclosed by the
boundary line B and a curve L2m that extends obliquely

10

15

20

25

30

35

40

45

50

55

downward from the optical axis Ax. In each row, the light
exit direction is varied gradually within the plane inclined
from the horizontal plane by an angle 6 from the cell C2
adjacent to the boundary line B to the cell C2 adjacent
to the outer periphery of the convex lens 12.

[0045] The oblique diffusion region Z2 has a top region
Z2a and a bottom region Z2b, illustrated as hatched re-
gions in Fig. 4. These regions Z2a, Z2b are configured
such that the light from the light-emitting device 14 that
has reached the regions Z2a, Z2b is output as down-
wardly diffused light, more specifically, downwardly dif-
fused with respect to the inclined plane described above.
The downward deflection amount of the output light is
increased as the cell C2 becomes closer to the top end
of the boundary line B or the bottom end of the curve
L2m that extends obliquely downward from the optical
axis Ax.

[0046] In Fig. 4, the arrow extending from the center
of each cell C1 or C2 indicates an exit direction of light
that originates from the opposing-lane side end point of
the bottom side 14a1 of the light-emitting chip 14a (i.e.,
the rear focal point F of the convex lens 12), shines on
the convex lens 12, and exits from the cell C1 or C2.
[0047] The front surface 12a of the convex lens 12 is
discontinuous at the boundary line B between the hori-
zontal diffusion region Z1 and the oblique diffusion region
Z2 such that the boundary line B is formed as aridge line.
[0048] Figs. 5 to 7 illustrate a basic light distribution
pattern PC, an upper auxiliary light distribution pattern
PB1, and a lower auxiliary light distribution pattern PB2,
respectively, that are formed on a virtual vertical screen
disposed 25 m ahead of the vehicle lamp 10 by light that
is projected forward by the vehicle lamp 10.

[0049] The basic light distribution pattern PC is formed
by light that is output from the convex lens 12 (see Fig.
5). The upper auxiliary light distribution pattern PB1 is
formed by light that is output from the upper light exit
surface 22a1 of the auxiliary lens 22 (see Fig. 6). The
lower auxiliary light distribution pattern PB2 is formed by
light that is output from the lower light exit surface 22a2
of the auxiliary lens 22 (see Fig. 7). A low-beam light
distribution pattern PL2 is a combined light distribution
pattern of the basic light distribution pattern PC, the upper
auxiliary light distribution pattern PB1, the lower auxiliary
light distribution pattern PB2, and one or more light dis-
tribution patterns that is formed by light that is projected
forward by one or more other lamp units (not shown).
[0050] This low-beam light distribution pattern PL2 is
a left-hand traffic low-beam light distribution pattern, and
has a horizontal cutoff line CL1 and an oblique cutoff line
CL2 on its upper side. The horizontal cutoff line CL1 is
formed on the opposing-lane side of a vertical line V-V
which passes a forward vanishing point H-V, and the ob-
lique cutoff line CL2 is formed on the self-lane side of the
vertical line V-V. An elbow point E which is the intersect-
ing point of the cutoff lines CL1, CL2 is located below the
forward vanishing point H-V by about 0.5° to 0.6°. In this
low-beam light distribution pattern PL2, a hot zone HZ
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(high luminance region) is formed so as to surround the
elbow point E with its center deviated leftward from the
elbow point E.

[0051] The basic light distribution pattern PC is a com-
bined light distribution pattern of a light distribution pat-
tern PC1 and a light distribution pattern PC2. The light
distribution pattern PC1 is formed by light that is output
from the horizontal diffusion region Z1 such that its upper
side forms a portion of the horizontal cutoff line CL1. The
light distribution pattern PC2 is formed by light that is
output from the oblique diffusion region Z2 such that its
upper side forms a portion of the oblique cutoff line CL2.
The hot zone HZ of the low-beam light distribution pattern
PL2 is mainly formed by an overlap portion of the light
distribution patterns PC1, PC2.

[0052] The upper auxiliary light distribution pattern
PB1 is laterally diffused such that its upper side approx-
imately coincides with the horizontal cutoff line CL1. The
lower auxiliary light distribution pattern PB2 is laterally
diffused so as to irradiate a lower region than the upper
auxiliary light distribution pattern PB1.

[0053] As described above, according to the vehicle
lamp 10, the basic light distribution pattern PC (a first
light distribution pattern) having the horizontal cutoff line
CL1 and the oblique cutoff line CL2 on its upper side is
formed as a combined light distribution pattern of the light
distribution patterns PC1, PC2.

[0054] Further, the auxiliary lens 22 surrounding the
convex lens 12 and formed as a single unitary piece with
the convex lens 12 forms the auxiliary light distribution
patterns PB1, PB2 (a second light distribution pattern)
that are laterally diffused below the horizontal cutoff line
CL1 and the oblique cutoff line CL2.

[0055] Inthe exemplary embodiment, the convex lens
12 and the auxiliary lens 22 have substantially the same
maximum thickness in the front-rear direction of the ve-
hicle. Therefore, the lens can be made thinner as a whole
than the vehicle lamp disclosed in JP2009-146665A. Fur-
ther, in the exemplary embodiment, since the rear sur-
faces of the convex lens 12 and the auxiliary lens 22, that
is, the light entrance surfaces 12b, 22b, are flush with
each other, the lens piece can be molded easily, reduced
in manufacturing cost, and stored and handled easily.
[0056] Inthe exemplary embodiment, the auxiliary lens
22 outputs forward light from the light-emitting device 14
merely by refracting the light. That is, the light can be
controlled easily without using total reflection.

[0057] While the presentinvention has been described
with reference to a certain exemplary embodiment there-
of, the scope of the present invention is not limited to the
embodiment described above, and it will be understood
by those skilled in the art that various changes and mod-
ifications may be made therein without departing from
the scope of the present invention as defined by the ap-
pended claims.

[0058] For example, while the light-emitting device 14
is inclined so as to be high on the self-lane side, as show
in Fig. 8A the light-emitting device 14 may be disposed
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such that its bottom surface lies horizontally. More spe-
cifically, the light-emitting device 14 may be arranged
such that the bottom side 14a1 of the light-emitting chip
14a is disposed within the horizontal plane including the
optical axis Ax and such that the end point of the bottom
side 14a1 on the self-lane-side (i.e., the left end point, or
the right end point in the front view) is located at the rear
focal point F of the convex lens 12.

[0059] Fig. 8B shows a basic light distribution pattern
PC which is formed on a virtual vertical screen when the
light-emitting device 14 is disposed as shown in Fig. 8A.
This basic light distribution pattern PC is different from
the one shown in Fig. 5 in that an oblique cutoff line CL2
is formed by an upper right corner of the light distribution
pattern PC2, rather than the upper side of the light dis-
tribution pattern PC2.

[0060] The light-emitting surface of the light-emitting
device need not be rectangular. For example, according
to yet another exemplary embodiment shown in Fig. 9A,
a light-emitting device 14’ having a laterally elongated
pentagonal light-emitting surface 14’A may be used. The
light-emitting device 14’ is arranged to face forward such
that a first side 14°’A1 of the bottom side of the light-emit-
ting surface 14’A is disposed within the horizontal plane
including the optical axis Ax and such that the intersecting
point of the first side 14°’A1 and a second side 14'A2 is
located at the rear focal point F of the convex lens 12.
The second side 14’A2 extends in an oblique direction
that is inclined by a prescribed angle 6 so as to be high
on the self-lane side (left-hand side (as viewed from the
rear side)).

[0061] Fig. 9B illustrates a basic light distribution pat-
tern PC formed on a virtual vertical screen when the light-
emitting device 14’ is arranged as shown in Fig. 9A. In
this case, light distribution patterns PC1, PC2 that form
the basic light distribution pattern PC have trapezoidal
shapes. A is formed by the top side of the trapezoidal
pattern PC1 forms a horizontal cutoff line CL21, and an
oblique side of the trapezoidal pattern PC2 forms an ob-
lique cutoff line CL2.

Claims
1. A vehicle lamp (10) comprising:

a light source (14, 14’) having a light emitting-
surface (14a,14’A);

a first lens (12) configured to deflect a first part
of direct light from the light source (14, 14’) to
form a first light distribution pattern (PC) having
a horizontal and oblique cutoff lines (CL1, CL2)
on an upper side of the first light distribution pat-
tern (PC); and

a second lens (22) configured to horizontally dif-
fuse a second part of the direct light from the
light source (14, 14’) to form a second light dis-
tribution pattern (PB1, PB2) that overlaps the



9 EP 2 492 581 A1

first light distribution pattern (PC),

wherein the first lens (12) is a convex lens, and
is disposed on an optical axis (Ax) extending in
a front-rear direction of the vehicle lamp (10),
the light source (14, 14’) is arranged such that
the light emitting-surface (14a, 14’A) faces for-
ward in the front-rear direction, and such that a
bottom side (14a1, 14’A1) of the light emitting-
surface (14a, 14’A) is disposed on a plane in-
cluding the optical axis (Ax) and has an end point
located at a rear focal point (F) of the first lens
(12),

the second lens (22) has a shape of a portion of
a convex lens other than a central portion of the
convex lens,

the first lens (12) and the second lens (22) are
formed as a single unitary piece such that the
second lens (22) extends around the first lens
(12), and

the first lens (12) and the second lens (22) have
substantially the same maximum thickness in
the front-rear direction.

The vehicle lamp (10) according to claim 1, wherein
a rear surface (12b) of the first lens (12) and a rear
surface (22b) of the second lens (22) are flush with
each other.

The vehicle lamp (10) according to claim 1 or 2,
wherein the rear surface (22b) of the second lens
(22) refracts the second part of the direct light, that
has entered the second lens (22) from the rear sur-
face (22b), toward a convex light exit surface (22a)
of the second lens (22), and

the convex light exit surface (22a) further refracts
the second part of the direct light in a horizontally
diffusing manner.

The vehicle lamp (1D) according to any one of the
preceding claims, wherein the second lens (22) is
configured such that an upper portion of the second
part of the direct light that is output from an upper
portion (22a1) of the second lens (22) above the op-
tical axis (Ax) is more concentrated near the optical
axis (Ax) than a lower portion of the second part of
the direct light that is output from a lower portion
(22a2) of the second lens (22) below the optical axis
(AXx).

The vehicle lamp (10) according to any one of the
preceding claims, wherein the diameter of the front
edge of the light exit surface (22a) of the second lens
(22) is substantially the same as the diameter of a
boundary (12a1) between the front surface (12a) of
the first lens (12) and the light exit surface (22a) of
the second lens (22).
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