wo 2022/038122 A1 |0 00 KO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '
Organization
International Bureau

=

(43) International Publication Date
24 February 2022 (24.02.2022)

(10) International Publication Number

WO 2022/038122 Al

WIPO I PCT

(51) International Patent Classification:
G02B 3/00 (2006.01) G02B 5/18 (2006.01)
F21V 5/00 (2018.01) G02B 27/09 (2006.01)

(21) International Application Number:
PCT/EP2021/072811

(22) International Filing Date:
17 August 2021 (17.08.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
PCT/CN2020/110567
21 August 2020 (21.08.2020) CN
20202021.0 15 October 2020 (15.10.2020)  EP

(71) Applicant: SIGNIFY HOLDING B.V. [NL/NL]; High
Tech Campus 48, 5656 AE Eindhoven (NL).

(72) Inventors: DENG, Lan; c/o High Tech Campus 7, 5656
AFE Eindhoven (NL). WANG, Li; c/o High Tech Campus
7, 5656 AE Eindhoven (NL).

(74) Agent: VAN EEUWIJK, Alexander, Henricus, Walterus
et al.; High Tech Campus 7, 5656 AE Eindhoven (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
with international search report (Art. 21(3))

(54) Title: A LENS PLATE AND A LIGHTING DEVICE HAVING THE LENS PLATE

T hnlono ! v [H
Ill I\\ \\ h \ !
| ! 1 1 | :
S e A TR RN B
Y ST A S R T |
77 7 N N
// /7 \ \ \\
44b P A N T

(57) Abstract: A lens plate has an array of convex lenses each having a top portion which forms a light input surface for facing a light
source and a base which forms a light exit surface. Each convex lens has a height H and a diameter D at the base, wherein H/D>0.85.
The lens plate for example has a height from the base of the convex lenses to the top portions in the range 1.5mm to Smm.



10

15

20

25

WO 2022/038122 PCT/EP2021/072811

1

A lens plate and a lighting device having the lens plate

FIELD OF THE INVENTION
This invention relates to a lens plate, for example for shaping the light output

from an array of LEDs, as part of a luminaire.

BACKGROUND OF THE INVENTION

There is a desire for some types of luminaire to create uniform lighting,
namely with a relatively constant light intensity over an area in a (horizontal) plane beneath
the luminaire.

This requires a light output intensity which has a function with respect to
emission angle such that light from large emission angles has a larger light intensity (since it
has further to travel to the illumination plane. An example of a desirable light output intensity
distribution is a so-called batwing intensity distribution.

It is known to use lenses, or a lens plate, to convert the output light intensity
distribution from a light source, such as a Lambertian light intensity distribution of a LED
light source, to the desired batwing intensity distribution.

Currently, concavo-convex lenses have been used to create large beam angles
for such uniform lighting.

A typical concavo-convex lens and its ray tracing diagram is shown in Figure

Figure 1 shows a LED source 10 with a lens 20 over the light output surface.
The lens 20 has a concave light entry surface 22 and a convex light exit surface 24. This type
of lens is usually employed with a one-to-one correspondence between an LED chip and the
lens, or there may be a set of LED chips beneath the lens. If this correspondence between the
lens and the LEDs is not provided, the desired optical performance is difficult to achieve.

Figure 2 shows an alternative design of a lens plate 30, formed as an array of
convex spherical microlenses 32. This type of lens design is able to tolerate different
alignments between the lens plate and the light source, by virtue of the small size of the
microlenses. It also achieves better color uniformity, but the output beam angle is not

significantly different to the native light source.
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Figure 2 shows the light traces for three LED light sources 10. It can be seen
that the desired wide beam light output is not achieved, and the output beam width matches
the input beam width. The focal point FP1 of the microlenses is on the opposite side of the
lens plate to the LED light source, at approximately the same distance from the lens surface
as the LED light source.

There remains a need for a lens structure which is suitable for multiple types
of LED light source, is not sensitive to the relative position of the light source to the lens
structure, and which achieves the desired wide beam output, e.g. a batwing light intensity

distribution.

SUMMARY OF THE INVENTION

The invention is defined by the claims.

According to examples in accordance with an aspect of the invention, there is
provided a lens plate comprising:

an array of convex lenses, each convex lens having a top portion which forms
a light input surface for facing a light source and a base which forms a light exit surface,
wherein the base is positioned on or defines a substrate common to the array,

wherein each convex lens has a height H and a diameter D at the base, wherein
H/D>0.85. The lens plate for example has a height from the base of the convex lenses to the
top portions in the range 1.5mm to Smm. It’s preferable that the height H of the convex
lenses is in the range of 1 mm to 4 mm.

The convex lenses of this lens plate have a tall and thin bullet shape as a result
of the height to diameter ratio. The convex lenses are thus aspheric and they have a very short
focal length. For alens plate with spherical lenses, i.e. with H/D = 0.5, the output beam
angle is not significantly different to the light source beam (near axial rays remain near
axial). The bullet-shaped lenses, with H/D>0.85, result in a focus point located inside of the
lens body, and this means the divergence of near-axial rays is very significant. Off-axial rays
also remain off-axial, with the result that a batwing light output intensity may be obtained
from the Lambertian output of a LED light source.

The lens plate enables the light output characteristics to be insensitive to the
position of the lens plate over the light source, e.g. an LED array. The same lens structure is

also suitable for different light source designs.
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Each convex lens preferably has a focal point between the top portion and the
base. The top portion of each lens thus focuses to a focal point with a very short focal
distance, such that the focal point is within the lens body. A large angle of convergence, and
hence divergence after the focal point, is thus provided, and this means off-axial rays are
emitted from the base with a large angle.

The lens plate may further comprise a microstructure formed at a central
region of each top portion.

The convex lenses of the array and the microstructures each make the light
emitted from the light source more disperse. The central microstructure on the convex top
part of each convex lens diffuses small angle rays from the light source.

Each microstructure is preferably diffusive or scattering. This provides the
desired dispersion of the small angle rays from the light source.

Each microstructure may comprise:

an array of microlenses; or

an embossed pattern; or

an arrangement of embedded particles.

Thus, there are various possible designs for the microstructure.

The base of each convex lens and the common substrate are preferably flat.
Thus, the optical function is in this case defined entirely by the top side facing the light
source, and the lens plate is simple to manufacture with no alignment requirements between
the top and bottom faces.

The top portion of each convex lens for example forms a projection which is
rotationally symmetric about an optical axis.

The lenses of the array of convex lenses preferably fully occupy an active area
of the lens plate. By filling the active area of the lens plate, all light to be processed passes
through the lenses. The active area is the area of the lens plate intended for beam shaping the
light output from a light source.

The lenses for example have a pitch in the range 0.5mm to Smm. This
provides a small lens pitch which assists in making the the light output insensitive to the
alignment between the lens plate and the light source.

The bases of the convex lenses preferably merge together. The merged lens
bases enable the active area of the lens plate to be fully covered as mentioned above and

enable a small pitch array of the top portions.
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Each convex lens may have a section curve which comprises:

an oval line;

a Bezier curve;

a parabola; or

a polynomial aspherical curve.

The lens plate preferably comprises a molded component.

The invention also provides a lighting device comprising;

an array of LEDs; and

the lens plate defined above, wherein a light output surface of each LED of the
array of LEDs faces the top portions of the convex lenses of the lens plate.

The LED array for example has a pitch between the LEDs in the range 0.5mm
to 3mm.

A distance along the optical axis between the light output surface of the LEDs
and the top portion of the convex lenses is for example in the range 3mm to 7mm. This
spacing allows thermal conditions to be met.

When the lens plate comprises a microstructure formed at a central region of
each top portion (as explained above), the microstructure may extend over an area which
subtends a half angle in the range 10 to 15 degrees from a point on a plane of the output
surfaces of the LEDs, along the optical axis of the associated convex lens.

When the incident subtended angle is more than this half angle (e.g. 12
degrees), the angle of the departure ray will increase sharply. An incident ray from a
neighboring LED will hit the side of the convex lens away from the microstructure (again
with incident angle more than this half angle) and this will lead for example to a 60 to 80
degree angle of departure.

The lighting device may satisfy:

less than 15% of the light from the LED array exit with an angle in the range 0
to 30 degrees;

more than 70% of the light from the LED array exit with an angle in the range
30 to 70 degrees; and

5% to 20% of the light from the LED exit with an angle in the range 70 to 90
degrees.

Thus, the light output distribution adopts a batwing shape with the maximum

light intensity in the range 30 to 60 degrees.
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These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and to show more clearly how it
may be carried into effect, reference will now be made, by way of example only, to the
accompanying drawings, in which:

Figure 1 shows a typical concavo-convex lens and a ray tracing diagram;

Figure 2 shows an alternative design of a lens plate, formed as an array of
convex spherical microlenses;

Figure 3 shows a lens plate in accordance with an example of the invention;

Figure 4 shows the same lens plate as Figure 3 but shows rays which pass
through other parts of the convex lenses;

Figure 5 shows the optical performance for a convex lens design without the
microstructures, for small angle incident beams;

Figure 6 shows the optical performance for a convex lens design without the
microstructures, for large angle incident beams;

Figure 7 shows how input light from a light source with an even larger angle
of incidence to the lens plate is again converted to output light with a larger beam angle;

Figure 8 is used to explain a possible design for the convex lenses;

Figure 9 shows an example of an LED array comprising concentric rings of
LEDs;

Figure 10 shows an example of a convex lens array comprising a square grid
of lenses;

Figure 11 shows a perspective view of the top surface of the lens plate; and

Figure 12 shows a simulation of the performance of the lens plate provided

over an array of mid power LEDs, as a polar intensity diagram.

DETAILED DESCRIPTION OF THE EMBODIMENTS
The invention will be described with reference to the Figures.
It should be understood that the detailed description and specific examples,

while indicating exemplary embodiments of the apparatus, systems and methods, are
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intended for purposes of illustration only and are not intended to limit the scope of the
invention. These and other features, aspects, and advantages of the apparatus, systems and
methods of the present invention will become better understood from the following
description, appended claims, and accompanying drawings. It should be understood that the
Figures are merely schematic and are not drawn to scale. It should also be understood that the
same reference numerals are used throughout the Figures to indicate the same or similar
parts.

The invention provides a lens plate having an array of convex lenses each
having a top portion which forms a light input surface for facing a light source and a base
which forms a light exit surface. Each convex lens has a height H and a diameter D at the
base, wherein H/D>0.85.

Figure 3 shows a lens plate 40 in accordance with an example of the invention.
The lens plate comprises an array 42 of convex lenses 44. Each convex lens 44 has a top
portion 44a which forms a light input surface for facing a light source and a base 44b which
forms a light exit surface. The bases are flat and are mounted over, or formed integrally with,
a common flat substrate 48. The light source is an array of LEDs 10, and a light output
surface of each LED of the LED array faces the top portions 44a of the convex lenses of the
lens plate.

The convex lenses thus have a beam shaping surface only on one side (the side
facing the light source 10) making them easy to manufacture, for example by injection
molding. The convex lenses have aspherical surfaces. In particular, the curvature of the top
portions 44a corresponds to a shape having a height H and a diameter D at the base, wherein
H/D>0.85.

As shown in Figure 3, and as discussed in more detail below, the convex
lenses may merge together at their bases. In such a case, the diameter D will be defined by
the extrapolation of the remaining convex lens surface area. The convex lenses may instead
be separate from each other (either spaced apart or tangentially in contact), in which case the
diameter is the actual diameter at the base. When the individual lenses are separate, they
preferably have a spacing of less than 0.1mm to minimize the size of the flat voids between
the lenses.

The extrapolation will comprise a smooth extension to the remaining convex
lens surface area, i.e. the top portion 44a of alens. Curve extrapolation methods are well
known to derive a general overall shape of the convex lens from the top portion 44a. From

this extrapolation, the diameter D can be defined.
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The extrapolation takes account of the type of lens shape. By way of example,
the section curve of the convex lenses for example comprises:

an oval line;

a Bezier curve;

a parabola; or

a polynomial aspherical curve.

For these lens shapes, the generatrix is a parabola, Bezier curve, arc,
hyperbola, or a combination of these.

When the bases of the lenses do merge together, the convex lenses of the array
of convex lenses then fully occupy an active area of the lens plate. In particular, the bases of
the lenses merge together to define a solid plate with no gaps. This avoids voids between the
lenses which function a a flat plate. Furthermore, the merged bases mean that there are no
vertical cylindrical sidewalls of the lenses, and these vertical sidewalls are not desired for the
intended ray deflection. The convex lenses for example form a square grid. The top portion
of each convex lens forms a projection which is rotationally symmetric about an optical axis
of the lens, and this projection extends towards the light source from the merged bases.

The lenses may instead be formed as a hexagonal grid.

The convex lenses of are thus tall and thin as a result of the height to diameter
ratio. The convex lenses thereby have a very short focal length in particular with a focal point
located inside of the lens body. This means the divergence of near-axial rays is very
significant as shown by the rays in Figure 3.

Off-axial rays remain off-axial, with the result that a batwing output intensity
may be obtained from the Lambertian output of a LED light source.

Figure 3 shows an optional additional design feature, of a microstructure 46
formed at a central region of each top portion 44a. Each microstructure 46 is diffusive or
scattering. Any suitable structure may be used such as an array of microlenses, or an
embossed pattern, or an arrangement of embedded particles.

Both the convex lens design and the microstructure make the light emitted
from the light source more diffuse. The microstructure diffuses the small angle rays from the
light source 10, and the other part of the convex surface of the convex lenses is used to
control the large angle rays to achieve a desired target wide angle. The structure thus
enhances the large angle rays and diminishes the central small angle light from the light

source 10.
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The total height of the whole lens plate (H and the thickness of the substrate
48) is for example in the range 1.5mm to Smm, for example around 3mm. It’s preferable that
the height H of the convex lenses is in the range of 1 mm to 4 mm. The perpendicular
distance d between the LED light source 10 and the top of the convex lenses 44 is for
example in the range 3mm to 7mm, for example around Smm. This is favorable for meeting
thermal conditions of the lenses.

Figure 3 shows schematically that the pitch of the LEDs does not need to be
the same as the pitch of the convex lenses. Indeed, the lens plate may be used with different
light source arrangements, with different LED pitch, and the relative alignment between the
lens plate and the light source is not critical.

Figure 3 shows rays which pass through the microstructured areas. It shows
that they are focused within the body of the convex lenses (regardless of whether or not there
is a microstructure) so that the light exits the lens with a wide beam angle. Thus, the small
angle rays are refracted to form large angle rays.

Figure 4 shows the same lens plate but shows rays which pass through other
parts of the convex lenses. This applies to light from the light source already with large ray
angles (relative to the normal, optical axis direction). These large angle rays are also refracted
to form larger beam angles.

Thus, the structure achieves a wide beam angle light distribution suitable for
uniform lighting.

Figures 5 to 7 show the optical performance for a convex lens design without
the microstructures.

Figure 5 shows how input light from a light source with three different
incident beam angles, but centered on the optical axis, is in each case converted to output
light with a larger beam angle, in the same way as explained above.

Figure 5 shows that the design of the convex lens is such that the focal point
FP2 is within the lens body, i.e. it is at a distance from the lens surface along the optical axis
which is less than the lens height. Thus, the focal point is within the lens plate. The focal
point of a lens is defined based on incident parallel beams, but the relatively large spacing to
the display panel means the light from each LED 10, treated as a point source, is also brought
into a focus at a focal point within the lens body. This contrasts with the conventional lens
design of Figure 2, in which the focal point FP1 is beneath the lens plate and outside the body
of the lenses. The lens design of the invention provides the large divergence of near axial

rays as explained above. Light is convergent before the focal point and then divergent after
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the focal point. The short focal length provided by the convex lenses of the invention results
in a greater deflection of the near axial rays.

Figure 6 shows how input light from a light source with a large angle of
incidence to the lens plate is again converted to output light with a larger beam angle, in the
same way as explained above.

Figure 7 shows how input light from a light source with an even larger angle
of incidence to the lens plate is again converted to output light with a larger beam angle, and
this may then result in some total internal reflection from the bottom surface of the substrate
as shown.

Figure 8 is used to explain a possible design for the convex lenses, and shows
more clearly the dimensions D, H and d discussed above.

In addition, the optical axis of the light output from the light output surface
10a of the light source 10 is shown.

The microstructure extends over an area which subtends a half angle (6) in the
range 10 to 15 degrees about the optical axis, from the plane of the output surfaces 10a of the
LEDs 10.

When the incident light is at an angle greater than this half angle, e.g. 12
degrees, the angle of the light ray exiting the base of the lens will increase sharply, for
example leading to an exit ray with an angle in the range 60 to 80 degrees to the optical axis.

The resulting optical performance, for illumination by the Lambertian light
intensity distribution of an LED array, is for example such that:

less than 15% of the light from the LED array exit with an angle in the range 0
to 30 degrees;

more than 70% of the light from the LED array exit with an angle in the range
30 to 70 degrees; and

5% to 20% of the light from the LED exit with an angle in the range 70 to 90
degrees.

Figure 9 shows an example of an LED array comprising concentric rings of
LEDs 10. The spacing between LEDs is for example around 1mm in both the width and
height directions to provide thermal separation.

Figure 10 shows an example of an array of convex lenses comprising a square
grid of lenses 40. Thus, the lens array of the lens plate does not need to be designed to match

the design of the LED array, and a same lens plate may be used with different light sources.
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The pitch of the LED array and the lens plate does not need to match and the
alignment between the two is not critical.

The lenses of the array of convex lenses for example have a pitch in the range
0.5mm to Smm and a base diameter D in the range 0.5mm to Smm. The LED array for
example has a pitch in the range 0.5mm to 3mm.

The lens plate is thus suitable for a large number of possible LED
configurations. There are many convex lenses due to the small pitch and the way they merge
at their bases to fill the active area.

Figure 11 shows a perspective view of the top surface of the lens plate 40. It
shows the square grid structure with microstructures 46 on the top portions of the convex
lenses.

Figure 12 shows a simulation of the performance of the lens plate provided
over an array of mid power LEDs, and shows a polar intensity diagram. It shows that the
desired batwing intensity distribution can be achieved.

The microstructure is optional. In the example above, it is provided on the top
surface of each convex lenses. However, there may instead be a microstructure on the
common substrate, or there may be microstructures on both surfaces.

Variations to the disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure and the appended claims. In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality.

The mere fact that certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measures cannot be used to advantage.

If the term "adapted to" is used in the claims or description, it is noted the term
"adapted to" is intended to be equivalent to the term "configured to".

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS

1. A lens plate (10) comprising:

an array (42) of convex lenses (44), each convex lens (44) having a top portion
(44a) which forms a light input surface for facing a light source and a base (44b) which forms
a light exit surface, wherein the base is positioned on or defines a substrate common to the
array,

wherein each convex lens has a height H and a diameter D at the base, wherein
H/D>0.85; wherein the lens plate has a height (H) from the base of the convex lenses to the

top portions in the range 1.5mm-5mm.

2. The lens plate of claim 1, wherein each convex lens has a focal point between

the top portion and the base.

3 The lens plate of claim 1 or 2, further comprising a microstructure (46) formed

at a central region of each top portion (44a).

4, The lens plate of claim 3, wherein each microstructure is diffusive or
scattering.
5. The lens plate of claim 4, wherein each microstructure comprises:

an array of microlenses; or
an embossed pattern; or

an arrangement of embedded particles.

6. The lens plate of any one of claims 1 to 5, wherein the base of each convex

lens and the common substrate are flat.

7. The lens plate of any one of claims 1 to 6, wherein the top portion of each

each convex lens forms a projection which is rotationally symmetric about an optical axis.

8. The lens plate of any one of claims 1 to 7, wherein the lenses of the array of

convex lenses fully occupy an active area of the lens plate, and the lenses have a pitch in the
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range 0.5mm to Smm; wherein the active area is the area of the lens plate intended for beam

shaping the light output from a light source.

9. The lens plate of any one of claims 1 to 8, wherein the bases (44b) of the

convex lenses merge together.

10. The lens plate of any one of claims 1 to 9, wherein each convex lens has a
section curve which comprises:

an oval line;

a Bezier curve;

a parabola; or

a polynomial aspherical curve.

11. A lighting device comprising:

an array of LEDs (10); and

the lens plate (40) of any one of claims 1 to 10, wherein a light output surface
(10a) of each LED (10) of the array of LEDs faces the top portions (44a) of the convex lenses
of the lens plate.

12. The lighting device of claim 10, wherein:

the LED array has a pitch between the LEDs (10) in the range 0.5mm to 3mm;
and/or

a distance (d) along the optical axis (12) between the light output surface (10a)

of the LEDs (10) and the top portion of the convex lenses is in the range 3mm to 7mm.

13. The lighting device of claim 11 or 12, wherein the lens plate comprises a
microstructure (46) formed at a central region of each top portion (44a), wherein the
microstructure (46) extends over an area which subtends a half angle (0) in the range 10 to 15
degrees from a point on a plane of the output surfaces (10a) of the LEDs (30), along the

optical axis (12) of the associated convex lens (44).

14. The lighting device of any one of claims 11 to 13, wherein:
less than 15% of the light from the LED array exit with an angle in the range 0
to 30 degrees;



WO 2022/038122 PCT/EP2021/072811

13

more than 70% of the light from the LED array exit with an angle in the range
30 to 70 degrees; and
5% to 20% of the light from the LED exit with an angle in the range 70 to 90

degrees.
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