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(57) Abstract: According to an aspect of the
present invention, a lighting device (2) is
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curved shape and a light source (22) arranged
to emit light towards the wavelength convert-
ing layer (21). The wavelength converting lay-
er (21) intersects a plane extending through
the light source (22) and being parallel with
the optical axis of the light source (22), at a
curve given, in a polar coordinate system
centered at the light source (22), by the equa-
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stant, 0 is an angle with respect to said optical
axis, /(¢) is a function defining a luminous in-
tensity profile of the light source and D is a
deviation ranging from zero to 20% of the
maximum value of said curve, R .. The
present invention is advantageous in that the
lighting device (2) has a more uniform color
distribution of emitted light across the
wavelength converting layer (21) and the risk
of color gradients and artifacts is reduced.
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Lighting device having a remote wavelength converting layer

FIELD OF THE INVENTION
The present invention generally relates to the field of lighting devices having

remote wavelength converting layers.

BACKGROUND OF THE INVENTION

Wavelength converting materials, such as phosphors, are used for tuning the
color of light emitting diode (LED) based light sources. Phosphors in combination with blue
LEDs are used to produce white light. Depending on the type of phosphors and the amount of
conversion, the color can be tuned to achieve a desired color such as cool white or warm
white. The white light is produced by a combination of transmitted (unconverted) blue light
and converted, often yellowish, light.

When the phosphor is arranged in a substrate or layer separate, i.c. at a certain
distance, from the LED, it is referred to as a remote phosphor layer. Such a remote phosphor
layer may be provided directly in an outer envelope of the lighting device or as a separate
layer inside the envelope. Examples of such lighting devices are shown in CN201606695 and
EP2293355.

A problem with remote phosphor layers is that the color distribution of light
emitted from the exit surface, i.e. the surface of the remote phosphor layer from which light
is emitted, may be non-uniform. This is in particular the case in LED-based tube lamps
having e.g. blue LEDs and a phosphor mixture in the curved envelope, wherein yellow lines
are visible at the edges of the envelope at angles close to £ 90° with respect to an optical axis

of the lamp.

SUMMARY OF THE INVENTION
It is an object of the present invention to overcome this problem and to
provide a lighting device with a more uniform color distribution of emitted light across the

wavelength converting layer.
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According to an aspect of the present invention, this and other objects are
achieved by a lighting device as defined in the independent claim. Embodiments of the
invention are defined in the dependent claims.

According to an aspect of the present invention, a lighting device is provided.
The lighting device comprises a wavelength converting layer having a curved shape and a
light source arranged to emit light towards the wavelength converting layer. The wavelength
converting layer intersects a plane extending through the light source and being parallel with
the optical axis of the light source, at a curve given, in a polar coordinate system centered at

the light source, by the equation:

R@O)=k-10)"*£D (Equation 1)

wherein £ 1s a constant, ¢ is an angle with respect to the optical axis, /(¢) is a function

defining a luminous intensity profile of the light source and D is a deviation ranging from
zero to 20% of the maximum value of said curve, R«

Another way of defining the wavelength converting layer is that the outline of
the shape of the wavelength converting layer is defined by a curve whose radius R is, in a
polar coordinate system centered at the light source, expressed by Equation 1, wherein 4 is a

constant, ¢ is an angle with respect to the optical axis, /(¢) is a function defining a light

intensity profile of the light source and D is a deviation ranging from zero to 20% of the
maximum value of said curve, Rax.

The inventors have realized that the non-uniform color distribution obtained in
prior art lighting devices is caused by the non-uniform illumination of the wavelength
converting layer by the light source. Light sources such as LEDs often have a Lambertian-
like light distribution pattern, which means that the light intensity is higher in the main
forward emission direction, which is right above or in front of the light source, i.e. at a point
opposite to a base at which the light source is mounted, than in the lateral directions. When
using a conventional semi-circle-shaped wavelength converting layer as typically used in
linear lighting devices, the less illuminated edges or near edge regions of the wavelength
converting layer have a slightly different color compared to the more illuminated regions,
which correspond to the mid, or upper relative to a lower base at which the light source may
be arranged, portion of the wavelength converting layer. The less illuminated edges have a
color closer to the color of the wavelength converting material while the more illuminated

regions have a color more towards the color of the LEDs. For example, if one or more blue
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LEDs and a yellow phosphor are used, the edges of the wavelength converting layer will
appear to be closer to yellow than the upper portion of the curved wavelength converting
layer, which will be appear to be closer to blue.

The illuminance £ of the wavelength converting layer depends on the distance
Rbetween the light source and the wavelength converting layer and the luminous intensity

profile /(¢ ) of the light source, which profile depends on the angle ¢ of a light path with

respect to the optical axis of the light source, according to the equation:

1(0)
R2

E@)= (Equation 2)

If instead the illuminance E is held constant and the distance R is allowed to
vary as a function of the angle, an equation is obtained defining a curve shape of the
wavelength converting layer, which will be more uniformly illuminated compared to a
conventional wavelength converting layer not adapted to the luminous intensity distribution

profile of the light source. The distance may thus be defined as:

R(9) = (% j/z (Equation 3)

Equation 3 defines a curve on which the shape of the wavelength converting
layer preferably may be based in order to obtain a more uniform illuminance, and thereby a
more uniform, or more out leveled, color gradient at the wavelength converting layer.

The present invention uses the concept of adapting the curve shape of the
wavelength converting layer to the luminous intensity distribution of the light source such
that the distance from the light source to the wavelength converting layer is shorter at angles

¢ where the luminous intensity is lower and longer at angles ¢ where the luminous intensity

is higher. A curve shape of the wavelength converting layer as defined by Equation 1 is
adapted to the luminous intensity distribution pattern of the light source, whereby the
wavelength converting layer is more uniformly illuminated.

The present invention is thus advantageous in that the lighting device provides
a more uniform color distribution of emitted light across the wavelength converting layer and
the risk for color gradients and artifacts is reduced. In addition, the far field luminous
intensity of the lighting device is more uniform due to the more uniformly illuminated

wavelength converting layer.
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A deviation, as defined by £ D in Equation 1, from the luminous intensity

1/2

profile based curve shape, k- 71(¢)'~, may be envisaged while still providing a more uniform

illuminance of the wavelength converting layer compared to prior art. It will be appreciated
that the deviation D ranging from zero to 20% of the maximum value of the curve R, may

be constant or vary with the angle ¢ . Preferably, the deviation D may range from zero to

10%, even more preferably to 5%, of the maximum value of the curve R,,.. Alternatively, the

deviation D may range from zero to 20% of R(¢) .

It will be appreciated that the plane, which the wavelength converting layer
intersects, is an imaginary, i.c. fictitious, plane extending through the light source and being
substantially parallel with the optical axis of the light source. Further, in the present
disclosure the optical axis may be an axis extending through the light source and being
parallel with the main forward emission direction of the light source which typically, in
particular for LEDs, is the direction at which the emitted light intensity is highest.

According to an embodiment, the wavelength converting layer may intersect
the plane with a curve given in a polar coordinate system centered at the light source by the

equation:
R(®)=k-cos@®)">+D (Equation 4)

In case of a Lambertian-type light source the luminous intensity profile can be

defined as:
1) =1, -cos(®) (Equation 5)

wherein I is the luminous intensity of the light source at ¢ = 0. Incorporating Equation 5
into Equation 2 shows that the maximum illuminance £, of a conventional semi-circle-
shaped wavelength converting layer is located opposite to or in front of the light source, close
to ¢ =0, while the illuminance at the edges, close to ¢ ==+ 90°, is negligible and virtually
zero. With the present embodiment, the curve shape of the wavelength converting layer is
adapted to the luminous intensity distribution profile of a Lambertian-type light source.
Incorporating Equation 5 into Equation 3 gives a definition of a distance according to

Equation 6:
R(9)= (%Oj - (cos(9)) (Equation 6)
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Equation 6 defines a cosine based curve on which the shape of the wavelength
converting layer preferably may be based for use in combination with Lambertian-type light

sources in order to obtain a more uniform illuminance, and thereby a more uniform, i.e. more
out leveled, color gradient at the wavelength converting layer. The term (7, /E )'* can be

expressed as a constant &, whereby Equation 4 is provided for defining a preferable curve
shape of the wavelength converting layer.
According to an embodiment of the present invention, the wavelength

converting layer may intersect the curve as defined by Equation 1 or Equation 4 at least

from¢ =—-30"to ¢ =30°, preferably at least from ¢ =—60°to ¢ =60°, and even more

preferably at least from ¢ =—75"to ¢ =75°. Hence, a considerable, and preferably a major,

part of the wavelength converting layer follows the curve given by Equation 1 or Equation 4,
and the wavelength converting layer is therefore more uniformly illuminated as compared to
prior art wavelength converting layers.

According to an embodiment of the present invention, the wavelength

converting layer may intersect the curve at most from ¢ =—-80"to ¢ =80°. The present

embodiment is advantageous in that the closest distance from the wavelength converting
layer to the light source is increased, whereby a higher chemical stability of the wavelength
converting material is obtained. Hence, the wavelength converting layer may not extend all
the way to the light source, leaving a space between the light source and the edges of
wavelength converting layer. This is advantageous since wavelength converting material
located in the very proximity of a light source tends to gradually deteriorate due to the heat
generated by the light source and high energy light from the light source.

In an embodiment, the constant £ may have a value comprised within the
interval 0.005 to 0.02 meter, which results in an appropriate shape of the wavelength
converting layer, defined in meter, when using an LED having a luminous intensity of around

5 Im to 200 Im at ¢ = 0 as a light source. Preferably, the constant £ may be higher when using

a light source with higher luminous intensity and lower when using a light source with lower
light intensity. For example, the value of the constant £ may be determined based on the

desired illuminance £ and the luminous intensity /; of the light source at¢p = 0 according to

the following equation:

1/2
k= (EJ (Equation 7)
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As an example, when using T8 LEDs having a luminous intensity of around
50 Im/LED, the constant £ may be preferably around 0.0127 meter.

According to an embodiment of the present invention, the light source may be
configured to emit light with a Lambertian-like distribution, which implies a higher light
intensity in the forward emission direction than in the lateral directions. The light source may
¢.g. be a Lambertian-type light source. The present embodiment is advantageous in that the
shape of the wavelength converting layer and the light distribution of the light source are
better adapted to each other, i.e. match each other, whereby the illuminance of the
wavelength converting layer becomes even more uniform. For example, the light source may
be a solid state light source, such as an LED, which typically provides a Lambertian-like light
intensity distribution pattern.

According to an embodiment, the wavelength converting layer may comprise
diffusing means whereby light from the light source is scattered into a wider intensity
distribution by the wavelength converting layer. The diffusing means may be scattering
particles, a scattering surface structure, e.g. a rough surface, and/or air voids in the
wavelength converting layer. Alternatively, or as a complement, a separate diffusing layer
may be arranged outside the wavelength converting layer, i.e. on the side of the wavelength
converting layer not facing the light source. Such diffusing layer may e.g. be a
holographically made diffuser surface or simply an optical layer comprising scattering
particles or a scattering surface structure. In the present embodiments, the diffusing means
may be anisotropic, which is advantageous for linear light sources, wherein the diffusing
means may be adapted to scatter light in the length direction of the tube.

For shaping the light distribution, the lighting device may comprise optical
structures, such as prisms, preferably arranged outside the wavelength converting layer. Such
optical structures may be adapted to refracting light in any desired directions.

According to an embodiment of the present invention, the lighting device may
further comprise an envelope enclosing the light source and the wavelength converting layer,
whereby the wavelength converting layer is better protected from damage. The envelope may
have any desired shape and may not necessarily follow the curve shape of the wavelength
converting layer. Hence, the envelope may have e.g. a conventional semi-circular shape in
case of a linear-type lighting device, whereby the lighting device will have the appearance of
a conventional lighting device. Optionally, the envelope may comprise diffusing means as

those described in the preceding embodiment.
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According to an embodiment of the present invention, a gap, such as an air
gap, is defined between the wavelength converting layer and the envelope, whereby the
wavelength converting layer and the envelope may be physically separated for disabling
optical contact there between. Hence, the outer surface of the wavelength converting layer
and the inner surface of the envelope may be physically separated for providing an air gap or
a gap with any gas or vacuum. Alternatively, or as a complement, the surface of the
wavelength converting layer facing the envelope may have an uneven surface structure, such
as being rough, thereby reducing the optical contact between the wavelength converting layer
and the envelope even if they about each other. In the present disclosure, the term “optical
contact” means the physical contact between two optical bodies having similar refractive
indices implying just a slight, i.e. negligible, or no refraction of light traveling across the
boundary between the two optical bodies. The optical contact between the wavelength
converting layer and the envelope may preferably be reduced, or even avoided, as it may
influence the light distribution in terms of both intensity and color.

According to an embodiment, the lighting device may be a linear-type lighting
device. The lighting device may hence have an elongated shape and the light sources may be
arranged in a row. Looking into a cross section of such a linear-type lighting device, taken
along a plane perpendicular to the longitudinal direction of the lighting device, the light
source is similar to a point-like light source, whereby the illuminance across the wavelength
converting layer in the direction perpendicular to the longitudinal direction of the lighting
device is more uniform. Further, the wavelength converting layer may be elongated and the
plane, which the wavelength converting layer intersects, may be perpendicular to the
longitudinal direction of the wavelength converting layer, thereby making illuminance of the
wavelength converting layer even more uniform. It will be appreciated that the linear-type
lighting device may have any desired shape as long as the light sources are arranged in a row,

such as elongated and curved, or torus shaped.

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 embodiments of the invention.

Fig. 1 is a cross sectional view of a lighting device according to prior art.

Fig. 2 is a cross sectional view of a lighting device according to an

embodiment of the present invention.
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Fig. 3 shows a polar coordinate system in which a curve shape according to an
embodiment of the present invention is represented.

Fig. 4 is a cross sectional view of a lighting device according to another
embodiment of the present invention.

Fig. 5 is a cross sectional view of a lighting device according to yet another
embodiment of the present invention.

All the figures are schematic, not necessarily to scale, and generally only show
parts which are necessary in order to elucidate the invention, wherein other parts may be

omitted or merely suggested.

DETAILED DESCRIPTION

With reference to Figure 1, a lighting device according to prior art will be
described. Figure 1 is a cross sectional view taken along a plane perpendicular to the
longitudinal direction of a linear-type lighting device 1. The lighting device 1 comprises a
blue LED 12, i.e. an LED emitting blue light, a heat sink 13 with a cavity 14 for driving
electronics (not shown) and a wavelength converting layer 11, which also functions as an
envelope enclosing the LED 12. The wavelength converting layer 11 comprises wavelength
converting material, such as yellow phosphor, i.e. a phosphor emitting yellow light upon
absorption of photons, preferably from the blue light of the LED 12, for providing a certain
color of the light output from the lighting device 1. The distance from the LED 12 to the
wavelength converting layer 11 is denoted R and the angle with respect to the optical axis 10

of the LED 12 is denoted ¢ . The cross section of the wavelength converting layer 11 is semi-
circular and the distance R is the same irrespective of the angle ¢ and, hence, constant across

the wavelength converting layer 11. As LEDs typically have a Lambertian-type light
intensity distribution, the wavelength converting layer 11 will be non-uniformly illuminated
when the LED 12 is turned on, whereby a color gradient across the envelope will be visible.
Typically, the portion of the wavelength converting layer opposite to or in front of the LED
12 will be more blue than the near edge portions, which will be more yellow, due to the
higher light intensity of the LED 12 in the forward direction than in the lateral directions.
With reference to Figure 2, a lighting device according to an embodiment of
the present invention will be described. Figure 2 is a cross sectional view taken along a plane
perpendicular to the longitudinal direction of a linear-type lighting device 2 such as a tube
lamp. Light sources 22 are arranged in a row or line in the lighting device 2, preferably with a

pitch, i.c. a distance between the light sources 22, sufficiently small to reduce visible spots at
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the surface of the envelope of the lighting device 2. As the cross sectional view in Figure 2 is
taken perpendicular to the longitudinal direction of the linear-type lighting device 2, only one
light source 22 is visible in the figure.

The lighting device 2 further comprises a heat sink 23 defining a cavity 24 in
which the electronics (not shown) for driving the light sources 22 are arranged, a wavelength
converting layer 21 and an envelope 25 enclosing the wavelength converting layer 21 and the
light sources 22. The wavelength converting layer 21 comprises wavelength converting
material, or luminescent material, such as phosphor pigments (e.g. YAG:Ce) and/or
luminescent dye for converting the wavelength of the light from the light sources 22 into a
desired color.

The shape of the wavelength converting layer 21 is advantageously adapted to
the luminous intensity distribution pattern of the light source so as to obtain a more uniform
illuminance of the wavelength converting layer 21 than that obtained in the prior art device
described with reference to Figure 1. In the present embodiment, the wavelength converting
layer 21 intersects a fictitious plane extending through the light source 22 and being parallel
with the optical axis 20 of the light source 22, at a curve given, in a polar coordinate system

centered at the light source 22, by the equation:
R(@®)=k-cos@®)"*+D (Equation 4)

wherein £ 1s a constant, ¢ is an angle with respect to the optical axis 20 and D is a deviation

ranging from zero to 20% of the maximum value of the curve, R,... The plane which the
wavelength converting layer 21 intersects is, in the present example as shown in Figure 2,
perpendicular to the longitudinal direction of the linear lighting device 2 and thus parallel
with the plane at which the cross section is taken in the figure. The constant £ may be set to a
value adapted for obtaining an appropriate size of the wavelength converting layer 22 and/or
an appropriate distance from the light source 22 to the wavelength converting layer 21. For
example, the value of the constant £ may be based on the desired illuminance E at the
wavelength converting layer 22 and the far-field luminous intensity /, of the light source 22

at ¢ =0 according to the equation:

1/2
k= ( Iy j (Equation 7)
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Figure 3 shows the curve 32 as defined by Equation 1 represented in a polar
coordinate system. In the present non-limiting illustrative example, the constant is set to
k =1and the deviation is set to D =0. As can be seen in both Figure 2 and Figure 3, the
maximum distance, represented by the maximum value of the curve Ry, from the light
source 22, positioned at the pole of the polar coordinate system, to the wavelength converting

layer 21 is in front of or above the light source 22 at ¢ =0 where also the light intensity from

the light source 22 is the highest, while the distance from the light source 22 to the

wavelength converting layer 21 is at least near zero at ¢ =90° and ¢ = 270° (also referred to
as ¢ =-90° in the present disclosure), at which angles also the light intensity from the light

source 22 is the lowest.

For comparison, a curve 31 representing the shape of the prior art wavelength
converting layer, as described with reference to Figure 1, is also represented in the polar
coordinate system. As can be seen in both Figure 3 and Figure 1, the distance between the
light source 12 and the wavelength converting layer 11 represented by curve 31 is constant

from ¢ =90° to ¢ =270°. The equal distance at low and high angles implies that the

illuminance of the wavelength converting layer 11 will be relatively high at low angles, i.e.

close to ¢ =0, and relatively low at high angles, i.c. close to ¢ =90° and ¢ =270°.

With reference to Figure 4, an embodiment of the present invention will be
described. Figure 4 shows a lighting device 4 similar to the lighting device 2 described with
reference to Figure 2, with the difference that the heat sink 43 is arranged such that it
shadows less light from the light source 42, wherein the light source 42 is slightly elevated
with respect to the heat sink 43. With the present embodiment, the lateral extension or width
of heat sink 43 is reduced such that more light is emitted backwardly relative to the forward
emission direction parallel with the optical axis 40 of the light source 42. Hence, a more
omni-directional light distribution is obtained. Further, a base at which the light sources 42
are arranged is covered by a reflector 46, which may be diffuse or specular, for increasing the
light output from the lighting device 4. The wavelength converting layer 41 may be
configured as in the embodiment described with reference to Figure 2. The envelope 45 is
arranged to cover the wavelength converting layer 41 and the light source 42.

With reference to Figure 5, another embodiment of the present invention will
be described. Figure 5 shows a lighting device 5 similar to the lighting device 2 described
with reference to Figure 2, with the difference that the wavelength converting layer 51

intersects the curve defined by Equation 1 at a narrower angle interval. Preferably, the
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wavelength converting layer 51 may intersect the curve at least from ¢ = 30" (also referred
to as ¢ =330°) to ¢ =30°, preferably from ¢ =—60° (also referred to as ¢ =300°) to ¢ =60°,
and even more preferably at least from ¢ = 75" (also referred to as ¢ =285")to ¢ =757,

with respect to the optical axis 50 of the light source 52. However, in the present

embodiment, the wavelength converting layer 51 may intersect the curve at most from
¢ =—80" (also referred to as ¢ =280°) to ¢ =80°. The more limited coincidence with the

curve provides a space between the light source 52 and the edges 57 of the wavelength
converting layer 51, i.e. the edges or end points at which the curved shape as defined in
accordance with Equation 1 terminates, and the closest distance from the wavelength
converting layer 51 to the light source 52 is increased compared to the embodiment described
with reference to e.g. Figure 2. As heat generated by the light source 52 may in time
gradually deteriorate the stability of the phosphor composition in the wavelength converting
layer 51, it is advantageous to separate the edges 57 of the wavelength converting layer 51
from the light source 52 and the heat sink 53. Between the edges 57 of the wavelength
converting layer 51 and the base plate at which the light source 52 is arranged, reflectors 56,
e.g. diffuse or specular, or translucent diffusers (not shown) may be arranged for supporting
the wavelength converting layer 51 for increasing the light output from the lighting device 5.
In the following, further embodiments of the invention, which may be
combined with any one of the previously described embodiments, will be described.

Preferably, the ratio between the pitch pand the maximum distance from the

light source to the wavelength converting layer Ry is R, /p =1 for providing a more

uniform color distribution or conversion along the linear lighting device. Further, the light
sources may preferably be equally spaced in the row configuration.

The wavelength converting layer may comprise diffusing means, such as
scattering particles, e.g. TiO; or AL,Os, air voids and/or a scattering surface structure. The
diffusing means may be arranged within the wavelength converting layer or as a separate
layer coated on the wavelength converting layer. Diffusing means may alternatively, or as a
complement be arranged at the envelope for further smoothening any color irregularities or
artifacts present at the wavelength converting layer and thereby in the light intensity
distribution. Further, the wavelength converting layer and/or the envelope may comprise
optical structures, such as prisms, lenticulars or holographically made structures, for
improving the color uniformity and/or spread the light in desired directions to tune the far

field intensity distribution of the lighting device. For reducing the quality of the optical
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contact between the wavelength converting layer and the envelope, the outer surface of the
wavelength converting layer and/or the inner surface of the envelope 25 may be rough, at
least in the region where the two optical parts about each other. Alternatively, an air gap may
be defined between the wavelength converting layer and the envelope for avoiding optical
contact. Furthermore, the wavelength converting layer and/or the envelope may be extruded
optical covers, i.e. manufactured by extruding soft material through an opening having the
desired profile, with a uniform thickness or a variation in thickness dependent on the angle
0.

The person skilled in the art realizes that the present invention by no means is
limited to the preferred embodiments described above. On the contrary, many modifications
and variations are possible within the scope of the appended claims. For example, the
examples of curve shape and size of the wavelength converting layer, as well as other
constituent parts of the lighting device described with reference to Figure 2 is also applicable

in any of the other described embodiments.
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CLAIMS:
1. A lighting device (2) comprising:
- a wavelength converting layer (21) having a curved shape, and
- a light source (22) arranged to emit light towards the wavelength converting
layer,

wherein the wavelength converting layer intersects a plane extending through
the light source and being parallel with the optical axis (20) of the light source, at a curve

given, in a polar coordinate system centered at the light source, by the equation:

R@)=k-1(9)" £D,

wherein £ 1s a constant, ¢ is an angle with respect to said optical axis, 7(¢) is

a function defining a luminous intensity profile of the light source and D is a deviation

ranging from zero to 20% of the maximum value of said curve, R,y.

2. The lighting device as defined in claim 1, wherein the wavelength converting
layer intersects said plane, at a curve given, in a polar coordinate system centered at the light

source, by the equation:

R(@®)=k-cos©®)"*+D.

3. The lighting device as defined in claim 1 or 2, wherein the wavelength

converting layer intersects said curve at least from¢ = -30"to ¢ =30, preferably at least

from ¢ =—60°to ¢ =60°, and even more preferably at least from ¢ =—75"to ¢ =75".

4. The lighting device as defined in claim 1 or 2, wherein the wavelength

converting layer intersects said curve at most from ¢ = —-80"to ¢ =80".

5. The lighting device as defined in any one of the preceding claims, wherein the

constant (k) has a value comprised within the interval 0.005 to 0.02 meter.
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6. The lighting device as defined in any one of the preceding claims, wherein the

light source is configured to emit light with a Lambertian-like distribution.

7. The lighting device as defined in any one of the preceding claims, wherein the

wavelength converting layer comprises a diffusing means.

8. The lighting device as defined in any one of the preceding claims, further

comprising an envelope (24) enclosing the light source and the wavelength converting layer.

9. The lighting device as defined in claim 8, wherein a gap is defined between

the wavelength converting layer and the envelope.

10. The lighting device as defined in claim 8 or 9, wherein the surface of the

wavelength converting layer facing the envelope has an uneven surface structure.

11. The lighting device as defined in any one of the preceding claims, wherein the

lighting device is a linear-type lighting device.

12. The lighting device as defined in claim 11, wherein the wavelength converting
layer is elongated and said plane is perpendicular to the longitudinal direction of the

wavelength converting layer.



PCT/IB2013/054388

WO 2013/182950

3

1/

{Prior art) F g’g f

14




WO 2013/182950 PCT/IB2013/054388

2/3




WO 2013/182950 PCT/IB2013/054388

3/3

™. 40




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2013/054388

A. CLASSIFICATION OF SUBJECT MATTER

INV. F21K99/00 F21S4/00
ADD.

F21V3/02

F21V9/16

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F21K F21S F21Y F21v CO9K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

8 September 2011 (2011-09-08)
figures 6, 7, 8
paragraphs [0086] - [0089]

» <

6 October 2011 (2011-10-06)
A abstract

figures 21-1, 21-2
paragraphs [0135] - [0137]

& EP 2 555 261 Al (MITSUBISHI CHEM CORP
[JP]) 6 February 2013 (2013-02-06)

X US 2011/215696 Al (TONG TAO [US] ET AL) 1,5

3,4,7-12
2,6

Y WO 20117122655 Al (MITSUBISHI CHEM CORP) 3,4

1

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 August 2013

Date of mailing of the international search report

04/09/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Vida, Gyorgy

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2013/054388

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

WO 2010/143093 Al (KONINKL PHILIPS
ELECTRONICS NV [NL]; PHILIPS LUMILEDS
LIGHTING CO [NL])

16 December 2010 (2010-12-16)

figure 4A

page 4, line 18 - page 6, line 26

US 20087029720 Al (LI YI-QUN [US])

7 February 2008 (2008-02-07)

figures 5, 6

pages 57, 58

US 20117292644 A1 (COHEN RICHARD [US])
1 December 2011 (2011-12-01)

figure 1

paragraphs [0119] - [0121]

US 2011/286200 Al (IIMURA KEIJI [JP] ET
AL) 24 November 2011 (2011-11-24)
figures 45, 46

paragraph [0386] - paragraph [0404]

WO 20117146677 A2 (LIGHT PRESCRIPTIONS
INNOVATORS [US]; FALICOFF WAQIDI [US]; SUN
YUPIN [) 24 November 2011 (2011-11-24)
page 4, line 10 - page 6, line 5

figure 1

US 2010/220476 Al (KUO CHENG-HSIUNG [TW]
ET AL) 2 September 2010 (2010-09-02)
figures 1-7

7-12

1-12

1,7-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2013/054388
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2011215696 Al 08-09-2011  NONE

WO 2011122655 Al 06-10-2011 CN 102823001 A 12-12-2012
EP 2555261 Al 06-02-2013
JP 2011249316 A 08-12-2011
US 2013092965 Al 18-04-2013
WO 2011122655 Al 06-10-2011

WO 2010143093 Al 16-12-2010 CN 102460747 A 16-05-2012
EP 2438630 Al 11-04-2012
JP 2012529171 A 15-11-2012
KR 20120027047 A 20-03-2012
RU 2011153969 A 20-07-2013
TW 201104932 A 01-02-2011
US 2012087106 Al 12-04-2012
WO 2010143093 Al 16-12-2010

US 2008029720 Al 07-02-2008 CN 102062359 A 18-05-2011
EP 2055147 A2 06-05-2009
JP 2009545888 A 24-12-2009
KR 20090040360 A 23-04-2009
TW 200814377 A 16-03-2008
TW 201316543 A 16-04-2013
US 2008029720 Al 07-02-2008
US 2010067216 Al 18-03-2010
US 2010067217 Al 18-03-2010
US 2011187262 Al 04-08-2011
US 2012182715 Al 19-07-2012
US 2012187441 Al 26-07-2012
US 2012187822 Al 26-07-2012
US 2012187823 Al 26-07-2012
WO 2008019041 A2 14-02-2008

US 2011292644 Al 01-12-2011  NONE

US 2011286200 Al 24-11-2011 NONE

WO 2011146677 A2 24-11-2011 CN 102971584 A 13-03-2013
US 2013057140 Al 07-03-2013
WO 2011146677 A2 24-11-2011

US 2010220476 Al 02-09-2010 TW M367290 U 21-10-2009
US 2010220476 Al 02-09-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

