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Optical cover for a light emitting module

FIELD OF THE INVENTION
The present invention relates to a bowl-shaped optical cover for a light-
emitting module. Additionally, the present invention relates to a light-emitting module

having a bowl-shaped optical cover.

BACKGROUND OF THE INVENTION

Solid state light-sources, such as light-emitting diodes (LEDs), are
increasingly used as illumination devices for a wide variety of lighting and signaling
applications. One type of illumination devices suitable for outdoor application is a high flux
light-emitting module. At least for some outdoor applications, such as illumination of roads,
it is desirable to deliver a uniform light output and meet the requirement of optical
distribution. Moreover, in cases where an outdoor LED module is used in combination with a
reflector, the emitting area should be as small as possible. Typically, this means that the
LEDs are positioned close to each other. However, the above condition is no guarantee that
the requirements for uniformity and light distribution are automatically fulfilled. These
requirements are particularly important for illumination of roads, since a less uniform light
distribution may create darker spots on the road which can be detrimental for drivers and
pedestrians. In addition, a less uniform light distribution at the light source may further
require a use of a more complex optical system to meet recommendations relating to
uniformity and light distribution at the road.

Several attempts have been made to meet the requirements for optical
distribution and uniformity. For instance, W02012/040414, discloses a shell integrator lens
to erase or mitigate color and brightness artifacts from the optical system. The system
includes two sets of micro lenses; one of them is located on the inner surface of the main
optical element while the second set of micro lenses is located on the outer surface of the
optical element. In particular, a micro lens on the inner surface is operatively coupled to a
corresponding micro lens on the outer surface. Moreover, the light of all chips is mixed by

the micro lenses in order to obtain a single light source.
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Despite the activity in the field, there remains a need for an improved LED
module which meets the requirements for uniformity and light distribution. In particular, it is
desirable that a balance is kept between the size and number of components making up the

LED module such that the cost are minimised in view of the production of the LED module.

SUMMARY OF THE INVENTION

In view of the above-mentioned and other drawbacks of the prior art, a general
object of the present invention is to provide a bowl-shaped optical cover for an improved
light-emitting module.

According to a first aspect of the present invention there is provided a bowl-
shaped optical cover for a light-emitting module. The bowl-shaped optical cover has an inner
concave surface for facing a light source, and an outer convex surface for facing away from a
light source. The bowl-shaped optical cover comprises a micro lenses array structure
arranged on the inner surface of the optical cover for refracting light emitted from a light
source. Moreover, the bowl-shaped optical cover comprises a macro lens structure formed
between the micro lenses array structure and the outer convex surface of the optical cover.
The macro lens structure has a thickness Z;, wherein the thickness Z, is varied along the
optical cover such that light is refracted from a thinner part towards a thicker part of the
macro lens structure.

The term “micro lens” refers to a small lens, generally with a diameter less
than a few millimeter, and often as small as 10 micrometers. This type of lens is commonly
known within the industry, and generally makes use of a concave-convex surface to transmit
lights with a certain wavelength. Micro lenses can be provided in form of an array, and may
be arranged in either a one-dimensional or two-dimensional array. In the context of the
present invention, micro lenses are arranged on the inner concave surface of the optical cover
by a suitable method. For instance, the optical cover with the micro lenses array structure can
be made by injection molding, where the micro-lens structure is created (inversed) in the
mold.

The term ““ macro lens” refers to any other lens which is bigger than a micro
lens, and most typically a lens corresponding to the entire cover. A macro lens may also be
denoted a “normal” lens, and has dimensions typical in the order of 10 — 100 mm. One
suitable material for a macro lens is glass. It is also envisaged that other materials may be
used, e.g. transparent plastics. In this manner, the present invention proposes an optical cover

which improves the luminous intensity distribution. In addition, the present invention is
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considered to have a positive impact on the luminance uniformity of a light source such as an
array of solid state light-sources, e¢.g. LEDs.

In contrast to available prior art systems, which use one set of micro lenses on
the inner suracce of the main optical element, and one set of micro lenses on the outer surface
of the main optical element, the present invention provides a less complex technical solution
with an array of micro lenses arranged solely on the inner concave surface of the optical
cover. To this end, by the principle of the invention, it becomes possible not only to increase
the luminance uniformity, but also to improve the luminous intensity distribution.
Accordingly, there is provided a bowl-shaped optical cover for a light-emitting module which
combines two functions.

Since the macro lens structure has a variation in thickness along the optical
cover such that light is refracted from a thinner part towards a thicker part of the macro lens
structure, lights from a solid state light-source is diffracted towards the thicker part of the
optical cover. As such, the luminous intensity distribution is further improved compared to
available prior art.

Moreover, since the present invention improves the luminous intensity
distribution, it becomes possible to better cope with various technical specifications. As such,
by the optical cover according to the present invention, a LED module can be provided which
is compliant with different types of luminaire, while still ensuring that the overall
performance of the luminaire is maintained. Accordingly, it is another object of the present
invention to provide an optical cover for a light-emitting module which is more flexible.

Thereby, the present invention increases the number of options for suitable
LEDs and, as a result, extends the design freedom for additional parts, such as protective
covers to provide for electrical shielding.

Due to the enhanced technical effects, as mentioned above, it becomes
possible to make use of a smaller sized light-emitting module inside the luminaire as well as
to reduce the number of LEDs in the light-emitting module while maintaining a high
uniformity. Accordingly, by the present invention, there is provided a light-emitting module
which is relatively inexpensive to manufacture.

Uniformity of luminance is regarded as an important quality issue which
addresses how evenly light is spread over an area. Luminance uniformity is especially
important in outdoor applications, such as lighting for roadways, streets, parking facilities,
parks, landscapes, footpaths, and bicycle paths. In other words, changes of contrasting high-

and low-lit roadways segments may cause enormous discomfort for the eyes, leading to stress
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and tiredness and therefore jeopardizing road safety. Without being bound by any theory, it is
appreciated that an improved light uniformity may allow people to perceive the environment
continuously and without sudden breaks caused by dark spots. Further, a less uniform
luminance distribution at the source requires a more complex optical system to achieve a
uniform light distribution at the road. In this manner, luminance uniformity contributes to
carly anticipation when driving, smoother traffic flow and more relaxed drivers. Accordingly,
as briefly mentioend above, it is yet another object of the present invention to provide a
bowl-shaped optical cover for a light-emitting module which improves the luminance
uniformity.

In various embodiments, the optical cover may be formed by a base part and
an apex part. In this context, the thickness Z; is smaller in the base part than in the apex part.

Preferably, the micro lenses array structure may comprise curved micro lenses.
By the provision that the micro lens has a curved shape, the uniformity is further improved.
This is achieved since the micro lens has the function of mixing light by refraction on the
inner surface of the micro lens. The curved shape can for instance be part of a sphere, ellipse
or any other cuved shape which is capable of providing the required refraction of light.

As mentioned above, for various embodiments when the micro lenses array
structure comprises a plurality of micro lenses, each micro lens may be arranged by a centre
point distance P from any of the other micro lenses. Thereby, an angle o is formed between a
tangent plane T, which is formed at an intersection of two adjacent micro lenses, and the
outer convex surface. Hence, the angle corresponds to the deviation between the tangent
plane and the outer convex surface.

Typically, a ligth-emitting module requires different light mixing requirements
along a longitudinal direction X and a transverse direction Y because of a difference in
distance between the LEDs.

In order to fulfill this requirement, the light mixing must be independently
adjusted in both dimenstions. Hence, in various embodiments, a centre point distance P,
between two micro lenses in the longitudinal direction X of the optical cover is different than
a centre point distance P2 between two micro lenses in the transverse direction Y of the
optical cover. In this manner, it becomes possible to separate the amount of mixing in the X-
direction and the Y-direction to further improve the uniformity. As such, the light mixing in
both dimensions can be adjusted independently.

According to a second aspect of the invention, there is provided a light-

emitting module comprises a bowl-shaped optical cover according to any of the aspects as
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mentioned above. The light-emitting module further comprises a plurality of solid state light-
sources arranged to emit lights towards the inner concave surface of the optical cover.

Solid state light-sources are light-sources in which light is generated through
recombination of electrons and holes. Examples of solid state light-sources include light-
emitting diodes (LEDs) and semiconductor lasers. The solid state light-source may
advantageously be attached to a surface of a base structure. In one embodiment, the LEDs are
placed in four rows, wherein each row contains 10 LEDs. However, the light-emitting
module may have a different amount of LEDs, a different number of rows of LEDs, or
different arrangement of LEDs as is apparent to the skilled person.

The present invention can be implemented in various luminaires. The
luminaires may have other features, such as reflectors directing the light, an outer shell or
housing for alignment and protection, and an electrical ballast or power supply. Depending
on the characteristics of the luminaires and on the particular illumination needs, the
luminaires may be mounted on a suitable support member, ¢.g a lamp-post.

It is noted that the invention relates to all possible combinations of features recited in the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
This and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing embodiment(s) of the invention.
Fig. 1 schematically shows an exemplary application of the bowl-shaped
optical cover according to various embodiments of the present invention, in the form of an
optical cover arranged in a light-emitting module, the light-emitting module comprising a
plurality of solid state light-sources;

Fig. 2a is a schematic perspective view of the bowl-shaped optical cover in fig.

Fig. 2b shows a cut-out view of a part of the bowl-shaped optical cover in fig.

Fig. 3a shows a view of two adjacent micro lenses of the bowl-shaped optical
cover, including the radius R, the centre point distance P, the tangent plane T and the angle a;

Fig. 3b shows a view of the micro lenses array structure of the bowl-shaped
optical cover, extending in the longitudinal direction X and the transverse direction Y;

Fig. 3¢ shows another view of two adjacent micro lenses of the bowl-shaped

optical cover;
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Fig. 3d shows yet another view of two adjacent micro lenses of the bowl-
shaped optical cover;

Fig. 4 shows a cut-out view of the diffraction of a few light rays through a part
of the bowl-shaped optical cover in order to illustrate the effect of the macro lens;

Fig. 5 shows a graph of the relative luminous intensity for the light-emitting
module comprising the bowl-shaped optical cover according to the present invention.

As illustrated in the figures, the sizes of components and regions are
exaggerated for illustrative purposes and, thus, are provided to illustrate the general structures
of embodiments of the present invention. Like reference numerals refer to like elements

throughout.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which currently preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided for thoroughness and completeness, and fully convey the scope of
the invention to the skilled person.

In the following description, the present invention is mainly described with
reference to a light-emitting module comprising a plurality of solid state light-sources. It
should, however, be noted that this by no means limits the scope of the invention, which is
equally applicable to, for example, light-emitting modules with various types of light-sources
and other configurations of the solid state light-sources.

Fig. 1 schematically illustrates an exemplary application for embodiments of
the bowl-shaped optical cover to be used in a light-emitting module according to the present
invention, in the form of a light-emitting module arranged in a lamp-post 104 along a road.
The light-emitting module may also be intended as daylight replacement and should then
emit uniform white light. Within the light-emitting module 100, there is provided a bowl-
shaped optical cover 110 according to one embodiment of the present invention. The light-
emitting module 100 is preferably covered by an additional protective shell or housing 140 in
order to protect the bowl-shaped optical cover 110 and the light-emitting module 100 from
damage and/or heavy weather. The protective shell or housing 140 is preferably made of a

transparent material and may be made of any suitable material, e.g. glass or plastic.
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With reference to fig. 2a, which is a schematic view of the light emitting
module 100 and the bowl-shaped optical cover 110 in fig. 1, the light-emitting module 100
here comprises a base structure 150 configured for attachment to a lamp-post, ensuring that
the light-emitting module 100 is securely attached so as to avoid any malfunction of the light-
emitting module 100. As such, the base structure 150 provides the necessary stability to the
light-emitting module 100. The base structure 150 may therefore comprise mounting means
for mounting the light-emitting module 100 on a lamp-post. For instance, the base structure
150 including the light-emitting module 100 can be mounted to the lamp-post 104 by means
of screws or bolts, and may therefore be provided with attachment holes, as is illustrated in
fig. 2.

It should be noted that fig. 2a is a simplified illustration of the light-emitting
module 100 in fig 1, and that various structures, such as electrical connections to the light-
emitting module and structures for mounting the light-emitting module are not explicitly
indicated. Such structures can, however, be provided in many different ways apparent to one
skilled in the art.

In addition, the light-emitting module 100 comprises a plurality of solid state
light-sources 120. The solid state light-sources 120 may be arranged on the base structure
150 and may advantageously be arranged in a two-dimensional array. In one embodiment,
the solid state light-sources are provided in the form of LEDs. A diffusing sheet (or remote
phosphor film) may be arranged in front of the solid state light-sources to diffuse light
emitted by the light-emitting module. In addition, or alternatively, the solid state light-
sources may be arranged on a printed circuit board (PCB), which is typically an integrated
part of the base structure 150. In another embodiment, the PCB is a separate part of the light-
emitting module, which is attached to the base structure by any suitable means, ¢.g. by an
adhesive.

The light-emitting module 100 and the bowl-shaped optical cover 110 will
now be described in greater detail with reference to figs. 2a and 2b. As is schematically
indicated in fig. 2a, the light-emitting module 100 comprises a bowl-shaped optical cover
110. The bowl-shaped optical cover 110 is attached to the base structure 150, enclosing the
solid state light-sources 120. The bowl-shaped optical cover 110 has an inner concave surface
112 for facing a light source, and an outer convex surface 114 for facing away from the light
source, i.¢. the solid state light-sources 120. As illustrated in fig. 2, which is a cross-sectional
view of the shape of the optical cover in the longitudinal direction X and the thickness

direction Z, the shape resembles half of a circle. In other words, the shape of the optical cover
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has an extension in the longitudinal direction X, an extension in the transverse direction Y
and an extension in the thickness direction Z such that the outer surface of the optical cover
forms a convex surface. For example, the extension in the longitudinal direction X is between
50 to 80 mm, the extension in the transverse direction Y is between 15 — 30 mm, and the
extension in the thickness direction Z is between 5 — 25 mm. It is to be noted that the final
shape of the optical cover should be adapted to the arrangement of the solid state light-
sources 120 and/or the shape of the light-emitting module 100 it is placed on. Preferably, the
optical cover is formed of a single material layer. It is also contemplated that the optical
cover can be made of several layers of the same material.

In all of the embodiments of the present invention, the bowl-shaped optical
cover 110 comprises a micro lenses array structure 122 arranged on the inner surface 112 of
the optical cover 110 for refracting light emitted from a light source. In various embodiments,
the micro lenses array structure comprises micro lenses. Typically, the micro lenses array
structure comprises a plurality of micro lenses. As can been seen from the embodiment
shown in figures 2a and 2b, and as explained above, the micro lenses array structure here
comprises spherical micro lenses. By the provision that the optical cover 110 comprises a
micro lens having a spherical shape, the uniformity is improved. This is achieved since the
micro lens has the function of mixing light by refraction on the inner surface of the micro
lens.

In this context, the amount of refraction is determined by the maximum angle
a of each micro lens. With reference to fig. 3a — 3d, the angle a is determined by a radius R
of each spherical lens and a centre point distance P of each lens. Hence, in this context, the
radius R refers to the radius of the curvature of the micro lens surface. That is, the surface of
cach micro lens is part of a sphere, as is illustrated in e.g. fig. 2b, wherein the sphere has the
radius R. Hence, each micro lens is here spherical and defined by the radius R. Although a
reference is made to the radius R of the micro lens, it is also envisaged that the micro lens can
be defined by any other suitable parameter describing the curvature of the micro lens.
Typically, the radius R and the size of the micro lens determine the strength of the micro
lens. In this respect, it is apparent to the skilled in the art that the range of the radius R is
determined by the chosen size of the micro lenses and the required effect.

In some embodiments, as illustrated in fig. 3a, the length of the radius R of
cach micro lens is constant, i.e. the length of the radius is the same for all micro lenses.
However, in other embodiments, the length of the radius R of a first micro lens may be

different from the length of the radius R of a second micro lens. In yet another embodiment,
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the radius R of each micro lens in the micro lenses array structure 122 is less than 10 mm. In
one specific embodiment, the length of the radius R is 2.6 mm. Although not visible from the
figures, it can also be readily understood that for a given centre point distance P, due to the
geometry of the micro lenses, a small radius R corresponds to a large angle a.
Correspondingly, a large radius R corresponds to a small angle a.

The angle o refers to the angle between a tangent plane T, which is formed at
an intersection of two adjacent micro lenses, and the outer convex surface 114. As can be
seen from figure 3b, a small centre point distance P corresponds to a small angle . As can be
seen from figure 3¢, a large centre point distance P corresponds to a large angle a.
Accordingly, the angle o corresponds to the deviation between the tangent plane T and the
outer convex surface 114. It is to be noted that in this particular point of intersection, between
the tangent plane T and the outer convex surface 114, the outer convex surface 114 is
regarded as a flat surface.

In one embodiment according to the present invention, as illustrated in fig. 3d,
a centre point distance Py, which is the distance between two micro lenses in a longitudinal
direction X of the bowl-shaped optical cover 110, is different than a centre point distance P,
which is the distance between two micro lenses in a transverse direction Y of the bowl-
shaped optical cover 110. In this manner, it becomes possible to separate the amount of
mixing in the X-direction and the Y-direction to further improve the uniformity. For instance,
the centre point distance P; is between 3 to 10 mm and the centre point distance P, is between
3 to 15 mm. It is to be noted that fig. 3d depicts a simplified view of the centre point distance
P between two micro lenses. Hence, in reality, the micro lenses are typically arranged much
closer to each other in the X-direction and the Y-direction, and often in a pattern as is shown
in fig. 2b .

Without being bound by any theory, at shallow angles, the light-emitting
surface becomes smaller and therefore less mixing is required. As such, the center point
distance P is varied with the angular position of the micro lens along the surface of the
optical cover.

Referring again to fig. 2a and 2b, the bowl-shaped optical cover 110 further
comprises a macro lens structure 124 formed between the micro lenses array structure 122
and the outer convex surface 114 of the bowl-shaped optical cover 110. As illustrated more
clearly in figs. 2b, the macro lens structure 124 has a thickness Z;. The thickness Z; is varied
along the optical cover 110 such that light is refracted from a thinner part towards a thicker

part of the macro lens structure 124. That is to say, the thickness varies from thickness Z; to
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Z,.In this context, and as illustrated in fig. 2b, the thickness Z, is varied along an angle .
From fig. 2b, it is also evident that the angle v is defined as the angle between the surface
normal of the surface containing the solid state light-sources 120, that is the surface of the
base structure 150. The angle y has an extension from 0° to £90°. Hence, 0° is perpendicular
to the base structure 150, and 90° is parallel to the base structure 150. In one embodiment, the
thickness Z; is smaller in a base part 132 of the optical cover 110 than in an apex part 134 of
the optical cover 110. This is illustrated in fig. 2b, i.c. the base part 132 of the optical cover
110 has a thickness Z; which is smaller than the thickness Z, of the apex part 134 of the
optical cover 110. The technical effect of the macro lens strucutre 124 is also illustated in fig.
4, which shows how light is refracted towards a thicker part of the optical cover 110. As
such, light from a solid state light-source is diffracted towards the thicker part of the optical
cover 110. Accordingly, it becomes possible to further improve the luminous intensity
distribution. In other embodiments, the thickness Z, is varied along the angle y. Regarding
fig. 4, it is to be noted that the refraction of the light rays at the inner surface is exaggerated.
Moreover, in practise, there would also be refraction at the outer surface.

To this end, the thickness variation of the macro lens 124 mainly influences
the luminous intensity distribution, while the micro lenses array structure 122 mainly
influences the luminance uniformity. It is to be noted that since the present invention
provides two functions, it is not possible to completely decouple the above-mentioned
technical effects.

As mentioned above, the uniformity is significantly improved over all solid
state light-sources by the bowl-shaped optical cover 110. Yet, it may be possible that a few
LEDs arranged on the outer regions of the base structure can be easily distinguished since the
optical cover is closer to the LEDs in outer regions due to the fact that the optical cover is
bowl-shaped. That is to say, due to the curvature of the optical cover, a distance between the
optical cover and the LEDs arranged on the base structure is smaller at a point S, at the apex
part of the optical cover, compared to a distance at a point Q, at the base part of the optical
COVEr.

Referring to fig. 5, the relative luminous intensity for the light-emitting
module 100 comprising the bowl-shaped optical cover 110 is shown. In this context, the term
“relative” refers to the luminous intensity relative to the maximum value of the Lambertian
luminous distribution. In this figure, the relative luminous intensity is depicted both for a
light-emitting module including the optical cover and for a light-emitting module without any

optical cover. These two examples are depicted in view of the lambertian luminous
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distribution. The angle refers to the angle v, as illustrated in fig. 2b. The relative luminous
intensity for a light-emitting module without an optical cover is shown by the dotted line, the
relative luminous intensity for a light-emitting module including an optical cover is shown by
the white line, and the lambertian relative luminous intensity is shown by the continuous line.
The lambertian luminous distribution has maximum luminous intensity at 0°, which drops to
0 at -90° and +90°. For all examples, the relative luminous intensity exhibits a large spread,
with a peak relative luminous intensity at an angle 0°, and minimal relative luminous
intensity at angles - 90° and 90°. As is shown in the flow-chart in fig. 5, when a light-
emitting module is used without an optical cover, there is an excessive amount of light in the
first zone, i.e. 0° - 41.4°, and an insufficient amount of light in the fourth zone, i.e. 75.5° -
90°. However, when a light-emitting module including a bowl-shaped optical cover is used,
the measured relative luminous intensity is improved for all zones, and a more even luminous
intensity distribution is obtained which is closer to the lambertian relative luminous intensity.
In particular, by the present invention, it is appreciated that in all zones, the relative luminous
intensity is within 4% of the lambertian relative luminous intensity. The above-mentioned
diagram is illustrated for exemplary purposes, and it is to be noted that some variations may
exist depending on the final shape and thickness of the bowl-shaped optical cover.

It is noted that by means of providing a light-emitting module with a bowl-
shaped optical cover, it may become impractical to reduce the amount of LEDs by removing
a random LED without creating a gap. In practice, a LED is removed at a corner position of
the LED base structure, or redistributed across the surface. Nevertheless, by the present
invention it is still possible to provide an improved uniformity compared to an original
luminance distribution without the optical cover. This is due to the fact that with the optical
cover, the luminance area of each LED is increased to about the size of the LED pitch.
Additionally, variations to the disclosed embodiments can be understood and effected by the
skilled person 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 measured cannot be used to advantage.
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CLAIMS:

1. A bowl-shaped optical cover (110) for a light-emitting module, said optical
cover (110) having an inner concave surface (112) for facing a light source, and an outer
convex surface (114) for facing away from a light source, said optical cover (110)
comprising:

- a micro lenses array structure (122) arranged on the inner surface (112) of the
optical cover (110) for refracting light emitted from a light source; and

- a macro lens structure (124) formed between the micro lenses array structure
(122) and the outer convex surface (114) of the optical cover (110), said macro lens structure
(124) having a thickness (Z1), wherein the thickness (Z1) is varied along the optical cover
(110) such that light is refracted from a thinner part towards a thicker part of the macro lens
structure (124).

2. The bowl-shaped optical cover (110) according to claim 1, wherein the optical
cover (110) is formed by a base part (132) and an apex part (134), the thickness (Z1) is
smaller in the base part (132) than in the apex part (134).

3. The bowl-shaped optical cover (110) according to any of the previous claims,

wherein the optical cover (110) is formed of a single material layer.

4. The bowl-shaped optical cover (110) according to any of the previous claims,

wherein the micro lenses array strucutre (122) comprises micro lenses.

5. The bowl-shaped optical cover (110) according to claim 4, wherein each micro

lens is spherical and defined by a radius (R).

6. The bowl-shaped optical cover (110) according to claim 5, wherein the length

of the radius (R) of each micro lens is the same for all micro lenses.
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7. The bowl-shaped optical cover (110) according to claim 5 or 6, wherein the
length of the radius (R) of each micro lens in the micro lenses array structure (122) is less

than 10 mm.

8. The bowl-shaped optical cover (110) according to claims 4 to 7, wherein the
micro lenses array structure (122) comprises a plurality of micro lenses, and wherein each
micro lens is arranged by a centre point distance (P) from any of the other micro lenses,
whereby an angle o is formed between a tangent plane (T), at an intersection of two adjacent

micro lenses, and the outer convex surface (114).

9. The bowl-shaped optical cover (110) according to claims 4 to 8, wherein a
centre point distance (P1) between two micro lenses in a longitudinal direction (X) of said
optical cover (110) is different than a centre point distance (P2) between two micro lenses in

a transverse direction (Y) of said optical cover (110).

10. A light-emitting module (100) comprising:

- a bowl-shaped optical cover (110) according to any of the claims 1 to 9;

- a base structure 150; and

- a plurality of solid state light-sources (120) attached to the base structure (150)
and arranged to emit lights towards the inner concave surface (112) of the optical cover

(110).
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