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(57) Abstract: The present invention relates to a lens (100) for an illumination device (200), the lens comprising a bottom wall (1), a
top wall (2), and a circumferential wall (3), the circumferential wall connecting the bottom wall and the top wall, wherein a plurality
of regions of the bottom wall respectively arch towards the top wall to define at least one first accommodation cavity (R1) having an
inner wall as a first incident surtace (4), and at least one second accommodation cavity (R2) having an inner wall as a second incid -
ent surface (5), the first and second incident surfaces being designed as different curved surfaces for receiving first incident light and
second incident light, respectively. The lens according to the present invention can be manufactured with a low cost, and is particu -
larly applicable to an illumination device having multi-color light sources. The lens can achieve fine adjustment to the color of the
mixed light of the multi-color light sources, improve the light mixing effect of the illumination device to obtain uniform light distri -
bution, and improve the light efficiency. In addition, the present invention also relates to an illumination device comprising the lens.
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Description

Lens and Illumination Device Comprising the Lens

Technical Field

The present invention relates to a lens and an illumination

device comprising the lens.

Background Art

With the development of LED illumination techniques, more and
more people use an LED illumination device as a light source
for applications to various environments. As for an illumina-
tion device with a fixed light source, the characteristics of
light emitted by the light source are generally set, for ex-
ample, spectral power distribution, color temperature (CCT)
and color rendering index (CRI), and so on. However, in many
specific application environments such as hotels, malls, or
residential buildings, it is often required to adjust the hue
of the output light of the illumination device, especially
the CCT, to change the lighting atmosphere according to the
need or the mood of people, for example, the illumination de-
vice emits warm white light when a user spends his leisure
time, and emits cool white light when a user studies and

works.

In the existing illumination devices, the lens mounted in the
illumination device only has an incident surface in a single
shape, for receiving incident light emitted from light
sources with different colors. These light sources with dif-
ferent colors have different color temperatures, and most of
the incident light directly goes through the lens to emit
scatteredly, which makes it impossible to deflect the optical
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path of the light emitted to the lens via the same incident
surface in a desired direction, wviz. it is impossible to make
fine adjustment to the optical path. Thus, the color mixing
effect cannot be improved via the lens, the system efficiency
of the illumination device mounted with the lens is thereby
limited, and more energy consumption is required for light
adjustment and light mixing. For example, as shown in Fig. 1,
when the illumination device 200 has a first light source in
the center and two second light sources on both sides, re-
spectively, first and second incident light respectively
emitted from the first and second light sources enters the
lens 100 via incident surfaces, as the incident surfaces have
the same curved surface profile, it is impossible to make
fine adjustment to the optical path of the incident light
through the lens, and it is also difficult to mix light by
means of the lens. The light emitted through the lens does
not have an ideal color, and the obtained light distribution
pattern has, for example, merely an elongated shape, rather

than an ideal circular shape.

Summary of the Invention

One object of the present invention lies in providing a lens.
The lens according to the present invention can be manufac-
tured with a low cost, and is particularly applicable to an
illumination device having multi-color light sources. The
lens can achieve fine adjustment to the color of the mixed
light of the multi-color light sources, improve the light
mixing effect of the illumination device to obtain uniform

light distribution, and improve the light efficiency.

The object of the present invention is realized by a lens for
an illumination device, the lens comprising a bottom wall, a

top wall, and a circumferential wall, the circumferential
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wall connecting the bottom wall and the top wall, wherein, a
plurality of regions of the bottom wall respectively arch to-
wards the top wall to define at least one first accommodation
cavity having an inner wall configured as a first incident
surface, and at least one second accommodation cavity having
an inner wall configured as a second incident surface, the
first incident surface and the second incident surface being
designed as different curved surfaces for receiving first in-
cident light and second incident light, respectively. In a
preferred embodiment, “first and second incident light” indi-
cates two or more kinds of incident light having different
color temperatures, for example, multiple kinds of incident
light having different colors that can be mixed into natural
white light. By configuring the first and second incident
surfaces for respectively receiving first and second incident
light as curved surfaces having different profile, fine ad-
justment can be made to the color of the light obtained after
primary mixing of the first incident light and the second in-
cident light. In addition, the first and second incident
light are mixed, which lays a good foundation for the final
mixing of the first and second incident light through the
lens, and light efficiency is further improved by adjusting
the optical paths of the first and second incident light in

the lens.

In a preferred design solution of the present invention, the
first incident surface is a symmetrical curved surface, and
the second incident surface is an asymmetrical curved sur-
face. The first incident surface configured as a symmetrical
curved surface corresponds to the first incident light, and
the second incident surface configured as an asymmetrical
curved surface provides great design flexibility, so as to
adjust different designs of the second incident surface ac-

cording to the expected color of the light obtained by mixing
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the first and second incident light.

In a preferred design solution of the present invention, the
top wall is an emergent surface consisting of a micro-lens
array. The first and second incident light adjusted wvia the
first and second incident surfaces can be adjusted for a sec-
ond time via the micro-lens array, which thereby further en-
sures the light mixing effect of the first and second inci-

dent light, and further improves the light distribution.

In a preferred design solution of the present invention, the
accommodation cavities are arranged to be separated from each
other. That is, the bottom wall comprises a connecting sur-
face capable of connecting the first and second accommodation
cavities or connecting two first accommodation cavities or
two second accommodation cavities. The smaller the interval
between the accommodation cavities is and the more the accom-
modation cavities are, the higher the possibility of fine ad-
justment is, the more uniform the pattern is, and the better

the light mixing effect is.

According to a preferred embodiment of the present invention,
the first incident surface is a rotationally symmetrical
curved surface. Preferably, the first incident surface is a
spherical surface. In this way, the first incident light can
go through the first incident surface and emit uniformly and
symmetrically towards, for example, the emergent surface con-

figured as a micro-lens array.

In a preferred design solution of the present invention, the
second incident surface is a non-rotationally symmetrical

curved surface, a vertex of the non-rotationally symmetrical
curved surface, in a cross section, being located on a side,

away from the first incident surface, of a midline of a pro-
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jection of the second incident surface on a horizontal plane.
The second incident light entering the lens through the sec-
ond incident surface needs to be adjusted, and based on the
design of non-rotational symmetry of the send incident sur-
face, it is feasible to make the second incident light de-
flection towards the first incident surface as much as possi-
ble, so as to make fine adjustment to the second incident
light. Thus, the first and second incident light having dif-
ferent colors can be well mixed within the lens, and the
emergent light after mixing is made to concentratively emit
towards the same region through the emergent surface of the
lens, so as to enable the emergent light to have the desired
color and obtain favorable light distribution. Preferably,
the second incident surface is a free curved surface. Par-
ticularly preferably, the second incident surface has, in a
cross section, a curve profile defined by the formula y = -
1E-08x"6 + 2E-06x"5 - 0.0001x"4+ 0.0032x"3 - 0.0633x"2 +
1.4584x + 1E-06.

According to a design solution of the present invention, the
circumferential wall is configured as a total internal re-
flection surface having a free curved surface profile. The
circumferential wall can receive incident light refracted via
the incident surfaces, for example, the second incident sur-
face, and reflect the incident light, so as to make further
fine adjustment to the optical path of the incident light in
the lens. The free curved surface of the circumferential wall
can be defined by, for example, an appropriate higher-order

egquation.

According to a design solution of the present invention, the
number of the second accommodation cavity is more than one,
and the second accommodation cavities are uniformly arranged

around the first accommodation cavity. For example, the lens
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comprises one first accommodation cavity and two second ac-
commodation cavities, the two second accommodation cavities
are preferably symmetrically arranged on both sides of the
first accommodation cavity, respectively; when the lens com-
prises three or more second accommodation cavities, these
second accommodation cavities can be arranged to uniformly
surround the first accommodation cavity with the first accom-
modation cavity as the center. This design of symmetric ar-
rangement of the first and second accommodation cavities

helps to obtain uniform light distribution.

In a preferred design solution of the present invention, the
number of the first accommodation cavity is more than one,
and the first accommodation cavities are arranged in an array
in a central region of the bottom wall. When the lens com-
prises a plurality of first accommodation cavities, these
first accommodation cavities constitute an accommodation cav-
ity array in the center to ensure that the first incident
light can centrally and uniformly go through the lens and
emit towards the object to be illuminated. The plurality of
second accommodation cavities arranged to surround these
first accommodation cavities cause the optical path of the
second incident light in the lens to deflect towards the cen-
ter, which thereby makes fine adjustment to the optical path
of the second incident light, such that the optical path of
the second incident light and the optical path of the first
incident light converge in the lens, and ideal light mixing
effect is thereby obtained, to finely adjust the color of the
emergent light, to obtain, for example, cool white color or

warm white color.

The other object of the present invention lies in providing
an illumination device comprising the above lens. The illumi-

nation device has high light efficiency and uniform light
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distribution, and is capable of achieving superior light mix-

ing effect with low energy consumption.

In a preferred design solution of the present invention, the
illumination device comprises at least one first light source
and at least one second light source, and is characterized by
further comprising a lens as described above. The first and
second light sources can provide first and second incident
light having different colors, respectively. The incident
light is preferably sufficiently mixed after being converged
via the lens, and thereby, the emergent light which uniformly
emits towards the object to be illuminated has the desired

color.

In a preferred design solution of the present invention,
light emitted from the at least one first light source and
light emitted from the at least one second light source have
different color temperatures. The first and second light
sources can provide the first incident light and the second
incident light having different colors. The color temperature
of the first incident light is, for example, 2700K, the color
temperature of the second incident light is, for example,

6500K, and they can be mixed into natural white light.

In a preferred design solution of the present invention, the
illumination device further comprises a circuit board carry-
ing the first and second light sources, and a heat sink,
wherein the first light source is accommodated in the first
accommodation cavity of the lens, and the second light source
is accommodated in the second accommodation cavity of the
lens. For example, the lens and the circuit board can be di-
rectly fixed together using, for example, a fixing member, or
mechanical connecting structures, with matched shapes, of the

lens and the circuit board. In this preferred case, the first
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accommodation cavity is enclosed by the circuit board, and
the first light source is correspondingly accommodated
therein; and the second accommodation cavity is also enclosed
by the circuit board, and the second light source is corre-

spondingly accommodated therein.

According to the present invention, the heat sink comprises
an accommodation portion for placing the lens and the circuit
board. For the sake of compactness of the illumination de-
vice, the lens and the circuit board can be combined into one
piece and placed in the heat sink. The heat sink can be de-
signed, for example, into a cup shape or a ring shape, so as
to surround or contact, in an area as large as possible, the
member on the circuit board which generates heat at work,
which thereby not only supports the circuit board, but also
achieves superior heat transfer. When, for example, the light
source is an LED chip, the illumination device is a retrofit

lamp which can replace the conventional incandescent lamp.

According to the present invention, the heat sink is config-
ured as a circular structure having heat dissipating ribs on
a circumferential wall, and the accommodation portion is ar-
ranged in the center of the heat sink. The cooling effect of
the illumination device can be further improved by means of
the heat dissipating ribs, to ensure the normal operation of

the i1illumination device.

According to the present invention, the circuit board com-
prises control circuits controlling a working state of the
first and second light sources, respectively. The person
skilled in the art can design the control circuit based on
the principle of switching circuit or PWM circuit. The on and
off of the first and second light sources are controlled

through the control circuit, and the intensity of the driving
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currents thereof is preferably controlled, which thereby can
change the colors of the first and second light sources and

achieve light adjusting effect.

The illumination device according to the present invention
has a simple structure and superior light adjusting effect,

and can achieve uniform light distribution.

Brief Description of the Drawings

The accompanying drawings constitute a part of the present
Description and are used to provide further understanding of
the present invention. Such accompanying drawings illustrate
the embodiments of the present invention and are used to de-
scribe the principles of the present invention together with
the Description. In the accompanying drawings, the same com-
ponents are represented by the same reference numbers. As

shown in the drawings:

Fig. 1 is a sectional view of an illumination device accord-

ing to an embodiment in the prior art;

Fig. 2 is a sectional view of a lens according to an embodi-

ment of the present invention;

Fig. 3 is a first detailed view of the embodiment in Fig. 2;

Fig. 4 is a second detailed view of the embodiment in Fig. 2;

and

Fig. 5 is a sectional view of an illumination device accord-

ing to an embodiment of the present invention.
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Detailed Description of the Embodiments

Fig. 2 is a sectional view of a lens according to an embodi-
ment of the present invention. The lens 100 for an illumina-
tion device 200 (see Fig. 3) comprises a bottom wall 1, a top
wall 2, and a circumferential wall 3. A plurality of regions
of the bottom wall 1 respectively arch towards the top wall 2
to define at least one first accommodation cavity R1 and at
least one second accommodation cavity R2, wherein an inner
wall of the first accommodation cavity R1 is a first incident
surface 4, and an inner wall of the second accommodation cav-
ity R2 is a second incident surface 5. The first accommoda-
tion cavity R1 and the second accommodation cavity R2 can be
either configured to be adjacent to each other, or configured
to be separated from each other as shown in the present em-
bodiment. A connecting surface 6 on the bottom wall 1 con-
nects the first accommodation cavities R1 and the second ac-
commodation cavities R2. In the present embodiment, the first
and second incident surfaces 4, 5 receive first and second
incident light having different colors, viz. having different
color temperatures, respectively, for example, in order to
make the emergent light through the lens become natural white
light, the first incident light can be warm white light hav-
ing the color temperature of 2700K, and the second incident
light can be cool white light having the color temperature of
6500K. For the sake of clarity, the at least one first light
source 201 and the at least one second light source 202 pro-
viding the first and second incident light, and the circuit
board 203 carrying the light sources are shown in hatching

lines.

Different from the embodiment in the prior art shown in Fig.
1, the first incident surface 4 and the second incident sur-

face 5 shown in Fig. 2 are different curved surfaces, in this
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way, the optical paths of the first and second incident light
can be adjusted, and thereby, the incident light having dif-
ferent colors can be mixed as sufficiently as possible in the
lens after the primary refraction via the first incident sur-
face 4 and the second incident surface 5, such that the emer-
gent light emitted from the top surface 2 has ideal color and
uniform light distribution, for example, can form round light
spots. In the embodiment shown in Fig. 2, one first accommo-
dation cavity R1 is in the center of the bottom wall 1, and
the inner wall of the first accommodation cavity Rl is a sym-
metrical curved surface, such that it serves as the first in-
cident surface 4 for receiving the first incident light from
the first light source 201; and two second accommodation
cavities R2 are symmetrically arranged on the two sides of
the first accommodation cavity R1l, and their inner walls are
both configured as an asymmetrical curved surface, such that
they serve as the second incident surfaces 5 for receiving
the second incident light from the second light source 202.
In addition, in order to further ensure superior light mixing
effect and uniformity of light distribution, the top wall 2
is an emergent surface consisting of a micro-lens array. The
first and second incident light is refracted for two times by
the bottom wall 1 and the top wall 2 of the lens 100, which
can ensure superior light mixing effect, and uniform light

distribution on the object to be illuminated.

In the embodiment shown in the figure, the first incident
light uniformly emits towards the top wall 2 of the lens 100
through, for example, the first incident surface 4 configured
as a spherical surface. The vertex of the second incident
surface 5 is, in a cross section, located on a side, away
from the first incident surface 4, of a midline of a projec-
tion of the second incident surface 5 on a horizontal plane,

that is, the angle between the second incident surface 5 and
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the horizontal plane is smaller on the side towards the first
incident surface 4, and is greater on the side away from the
first incident surface 4. The second incident light on the
two sides is refracted by the second incident surface 4, and
the refracted optical path deflects towards the optical axis
of the first incident light in the center, and the first in-
cident light and the second incident light are mixed suffi-
ciently. The different designs of the first and second inci-
dent surfaces 4, 5 lay a good foundation for the fine adjust-
ment of the color of different light obtained after the
multi-color incident light is mixed in the lens 100, and by
adjusting the optical paths of the first and second incident

light in the lens, the light efficiency is further improved.

In an embodiment which is not shown, there can be only one
first accommodation cavity R1 and one second accommodation

cavity R2 on the bottom wall 1.

In another embodiment which is not shown, there can be a plu-
rality of second accommodation cavities R2, for example,
three or more, on the bottom wall 1. These second accommoda-
tion cavities R2 are arranged to uniformly surround the first

accommodation cavity R1 in a circumferential direction.

In another embodiment which is not shown, when there are a
plurality of first accommodation cavities R1 and a plurality
of second accommodation cavities R2 on the bottom wall 1, the
plurality of first accommodation cavities R1 are concentra-
tively arranged in the center of the bottom wall 1, and the
second accommodation cavities R2 are arranged to uniformly
surround the first accommodation cavities Rl in a circumfer-
ential direction. In this case, the more concentrative the
first and second accommodation cavities R1, R2 are arranged,

the better the light mixing effect is.
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Fig. 3 is a first detailed view of the embodiment in Fig. 2,
which clearly shows the second incident surface 5 and the
circumferential wall 3 of the lens 100, and the optical path
of the second incident light in the lens 100. In the present
embodiment, the second incident surface 5 can be configured
as a free curved surface, and particularly preferably, the
second incident surface 5 has, in a cross section, a curve

profile defined by the formula:

y = -1E-08x"6 + 2E-06x"b - 0.0001x"4+ 0.0032x"3 - 0.0633x"2 +
1.4584x + 1E-06.

Similar to the second incident surface 5, the circumferential
wall 3 configured as a total internal reflection surface can
further be a free curved surface defined by, for example, a
higher-order equation, so as to carry out total internal re-
flection which is beneficial to light mixing. In the present
embodiment, the circumferential wall 3 can reflect the second
incident light refracted by the second incident surface 5, so
as to make fine adjustment to the optical path thereof, which

is beneficial to sufficient light mixing.

Fig. 4 is a second detailed view of the embodiment in Fig. 2,
which clearly shows the top wall 2 of the lens 100 and the
optical path going through the top wall 2. The top wall 2
serving as the emergent surface is configured as a micro-lens
array, and in this way, a further fine adjustment and mixing
can be made to the light that has been finely adjusted and
mixed in the lens 100, wherein the light includes light di-
rectly emitting towards the top wall 2 through the first and
second incident surfaces 4, 5, and a small amount of light
reflected by the circumferential wall 3. Thus, the lens 100
provides the way for multi-times of light mixing for the

first and second incident light having different colors.
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Fig. 5 is a sectional view of an illumination device accord-
ing to an embodiment of the present invention. The illumina-
tion device 200 with adjustable color temperature comprises
at least one first light source 201, at least one second
light source 202, and the lens 100 as shown in Fig. 2. The at
least one first light source 201 and the at least one second
light source 202 are fixed on the circuit board 203, and are
respectively arranged in the first accommodation cavity R1
and the second accommodation cavity R2 of the lens 100. The
illumination device 200 further comprises a heat sink 204,
and the lens 100 and the circuit board 203 can be integrat-
edly arranged in an accommodation portion R of the heat sink,
S0 as to minimize the structural space of the illumination
device 200. It is feasible to preferably configure the heat
sink 204 as a circular structure having heat dissipating ribs
on a circumferential wall, and the accommodation portion R is
located in the center of the heat sink 204. The heat sink 204
can further have other suitable structures. In this way, the
heat sink can be in thermal conduct with the heat generating
member on the circuit board in a large area, so as to improve
the cooling effect of the illumination device 200. In the
present embodiment, the first and second light sources 201,
202 can be LED chips, and in this case, the illumination de-

vice 200 can be designed as a retrofit lamp.

The circuit board 203 comprises control circuits controlling
a working state of the first and second light sources 201,
202, respectively. The person skilled in the art can design
the control circuit based on the principle of switching cir-
cuit or PWM circuit. The on and off of the first and second
light sources are controlled through the control circuit, and
the intensity of the driving currents thereof is preferably
controlled, which thereby can change the colors of the first

and second light sources and achieve light adjusting and
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light mixing.

For example, when the first light source 201 emits warm white
light having a color temperature of 2700K, and the second
light source 202 emit cool white light having a color tem-
perature of 6500K, the illumination device 200 in the present
embodiment can emit mixed natural white light having a color
temperature of 4000K, and the light sources 201, 202 can be
respectively controlled such that the illumination device 200
emits, for example, warm white light of 2700K, or cool white
light of 6500K. Thus, the color temperature of the white
light emitted from the illumination device 200 in the present
embodiment is adjustable in the range of 2700-6500K. The il-
lumination device 200 shown in Fig. 5 and other illumination
devices 200 according to the present invention are applicable
to, for example, AR111 type lamp (LED) or MR16 type lamp
(LED) .

When the first and second light sources 201, 202 are mono-
chromatic light sources, the embodiment shown in Fig. 5 is

further applicable.

The above is merely preferred embodiments of the present in-
vention but not to limit the present invention. For the per-
son skilled in the art, the present invention may have vari-
ous alterations and changes. Any alterations, equivalent sub-
stitutions, improvements, within the spirit and principle of
the present invention, should be covered in the protection

scope of the present invention.
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List of reference signs

100

200

201

202

203

204

R1

R2

bottom wall

top wall

circumferential wall

first incident surface

second incident surface

connecting surface

lens

illumination device

first light source

second light source

circuit board

heat sink

accommodation portion

first accommodation cavity

second accommodation cavity
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Claims

1. A lens for an illumination device (200), the lens (100)
comprising a bottom wall (1), a top wall (2), and a circum-
ferential wall (3), the circumferential wall (3) connecting
the bottom wall (1) and the top wall (2), characterized in
that, a plurality of regions of the bottom wall (1) respec-
tively arch towards the top wall (2) to define at least one
first accommodation cavity (R1) having an inner wall config-
ured as a first incident surface (4), and at least one second
accommodation cavity (R2) having an inner wall configured as
a second incident surface (5), the first incident surface (4)
and the second incident surface (5) being configured as dif-
ferent curved surfaces for receiving first incident light and

second incident light, respectively.

2. The lens according to Claim 1, characterized in that,
the first incident surface (4) is a symmetrical curved sur-
face, and the second incident surface (5) is an asymmetrical

curved surface.

3. The lens according to Claim 1 or 2, characterized in
that, the top wall (2) is configured as an emergent surface

consisting of a micro-lens array.

4. The lens according to Claim 1 or 2, characterized in
that, the accommodation cavities are arranged to be separated

from each other.

5. The lens according to Claim 2, characterized in that,
the first incident surface (4) is a rotationally symmetrical

curved surface.

6. The lens according to Claim 5, characterized in that,
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the first incident surface (4) is a spherical surface.

7. The lens according to Claim 2, characterized in that,
the second incident surface (5) is a non-rotationally symmet-
rical curved surface, a vertex of the non-rotationally sym-
metrical curved surface, in a cross section, being located on
a side, away from the first incident surface (4), of a mid-
line of a projection of the second incident surface (5) on a

horizontal plane.

8. The lens according to Claim 7, characterized in that,

the second incident surface (5) 1is a free curved surface.

9. The lens according to Claim 8, characterized in that,
the second incident surface (5) has, in a cross section, a

curve profile defined by the formula:

y = -1E-08x"6 + 2E-06x"b - 0.0001x"4+ 0.0032x"3 - 0.0633x"2 +
1.4584x + 1E-06.

10. The lens according to Claim 1, characterized in that,
the circumferential wall (3) is configured as a total inter-

nal reflection surface having a free curved surface profile.

11. The lens according to Claim 1 or 2, characterized in
that, the number of the second accommodation cavity (R2) is
more than one, and the second accommodation cavities (R2) are
uniformly arranged around the first accommodation cavity

(R1).

12. The lens according to Claim 11, characterized in that,
the number of the first accommodation cavity (R1) is more
than one, and the first accommodation cavities (R1l) are ar-

ranged in an array in a central region of the bottom wall (1l).
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13. An illumination device comprising at least one first
light source (201) and at least one second light source
(202), characterized by further comprising a lens (100) ac-

cording to any of Claims 1-12.

14. The illumination device according to Claim 13, charac-
terized in that, light emitted from the at least one first
light source (201) and light emitted from the at least one

second light source (202) have different color temperatures.

15. The illumination device according to Claim 13 or 14,
characterized by further comprising a circuit board (203)
carrying the first and second light sources (201, 202), and a
heat sink (204), wherein the first light source (201) is ac-
commodated in the first accommodation cavity (R1) of the lens
(100), and the second light source (202) is accommodated in

the second accommodation cavity (R2) of the lens (100).

16. The illumination device according to Claim 15, charac-
terized in that, the heat sink (204) comprises an accommoda-
tion portion (R) accommodating the lens (100) and the circuit

board (203).

17. The illumination device according to Claim 15, charac-
terized in that, the heat sink (204) is configured as a cir-
cular structure having heat dissipating ribs on a circumfer-
ential wall, and the accommodation portion (R) is arranged in

the center of the heat sink (204).

18. The illumination device according to Claim 15, charac-
terized in that, the circuit board (203) comprises control
circuits controlling a working state of the first and second

light sources (201, 202), respectively.
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