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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims priority proprietary of Taiwan Patent Application No. 099144149, filed on December
16, 2010.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates to light emitting devices, and in particular relates to light diffusion elements thereof.

Description of the Related Art

[0003] Present lighting fixtures have higher brightness than previous ones due to the development of technology and
improvement of lighting devices thereof. For example, light emitting diodes (LED) which have long lifetimes, low power
consumption, and high brightness are widely applied in light fixtures everywhere.
[0004] Although lighting fixtures with high brightness may efficiently enhance brightness of the surrounding, their
focused brightness is harsh to users. In the worst case, the eyes of a user could be damaged by the focused brightness.
In addition, lighting devices emit radiative light rather than evenly distributed light.
[0005] To solve the focused brightness problem of LEDs, light diffusion element can be set outside of the light source.
The light diffusion element can be mainly manufactured by two methods. The first method is to add inorganic particles
(such as silicon oxide, titanium oxide, or the likes) to polymers with high transparency (such as polycarbonate, poly
methylmethacrylate, polystyrene, or the likes). The optical properties of the composite materials are determined by
factors such as the size and amount of inorganic particles. Unfortunately, it is difficult to evenly disperse the inorganic
particles in the organic polymer, and therefore the surface of the inorganic particles must be modified. The second
method is to create wave- or lens-shaped micro structures on the surface of a polymer that has high transparency. These
two methods, however, increase the complication and cost of mass production processes.
[0006] Accordingly, a novel material composition to solve the problems of the conventional light diffusion element is
called for.

BRIEF SUMMARY OF THE INVENTION

[0007] One embodiment of the disclosure provides light-emitting device, comprising: an LED light source; and light
diffusion element covering at least a part of the LED light source, wherein the light diffusion element comprises a first
polymer, a second polymer, or a blend of the first polymer and the second polymer. The first polymer has a larger crystal
diameter than that of the second polymer, the first polymer comprises polypropylene or ethylene-propylene copolymer,
and the second polymer comprises polyethylene, polypropylene, or ethylene-propylene copolymer.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The following description is of the best-contemplated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of the invention and should not be taken in a limiting sense.
The scope of the invention is best determined by reference to the appended claims.
[0009] The disclosure provides light emitting device, including a LED light source and a light diffusion element. The
LED light source can be a point light source composed of a single LED, or a face light source composed of a plurality
of LEDs arranged in an array. The light diffusion element covers at least a part of the LED light source, wherein the light
diffusion element can be shaped into a board, tube, droplet, ball shape, or other suitable shapes. Whatever shape is
adopted to form the light diffusion element, the light that comes from the LED light source and emits to the eyes of a
user should travel through the light diffusion element. In one embodiment, the light diffusion element serving as a part
of a packaging structure may directly contact the LED source. In another embodiment, the light diffusion element does
not directly contact the LED light source; the light diffusion element and the LED light source can be separated by a
space or other elements.
[0010] The light diffusion element includes a first polymer, a second polymer, or a blend of the first polymer and the
second polymer, wherein the first polymer has a larger crystal diameter than that of the second polymer. In addition, the
properties of the light diffusion element depend on crystal conditions thereof, e.g. crystallinity and ratio of the first and
second polymers. When the crystallinity of the first polymer is close to that of the second polymer, the crystal diameter
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difference of the first and second polymers will make the blend of the first and second polymers have excellent light
diffusion properties. In one embodiment, the first polymer includes polypropylene or ethylene-propylene copolymer, and
the second polymer includes polyethylene, polypropylene, or ethylene-propylene copolymer. Note that if the first polymer
and/or the second polymer is ethylene-propylene copolymer, the ethylene monomer and the propylene monomer should
have a weight ratio of less than or equal to 20:100. An overly high amount of the ethylene monomer may degrade
properties, such as influence light transmission and reduce thermal resistance and mechanical strength, of products
made therefrom.
[0011] In one embodiment, the first polymer has a crystallinity of 40% to 70% at room temperature, a crystal diameter
of 1mm to 120mm, a weight-average molecular weight of 10,000 to 1,000,000, and a melting index of 0.1g/10min to
200g/10min (measured by an ASTM D1238 or ISO1133). An overly low crystallinity of the first polymer may influence
light diffusion rate of light traveling therethrough, which means an LED point light source would not be able to be diffused
to a face light source with even distribution. An overly high crystallinity of the first polymer may influence transmission
of light traveling therethrough and decrease the brightness of the light source. An overly large crystal diameter of the
first polymer may influence light diffusion rate, which means an LED point light source cannot be diffused evenly. An
overly small crystal diameter of the first polymer may influence transmission of light traveling therethrough, which means
brightness of the light source would be hindered. In one embodiment, the first polymer may individually serve as the
composition of the light diffusion element.
[0012] In one embodiment, the second polymer has a crystallinity of 40% to 70% at room temperature, a crystal
diameter of 0.05mm to 10mm, a weight-average molecular weight of 10,000 to 1,000,000, and a melting index of
0.1g/10min to 200g/10min (measured by an ASTM D1238 or ISO1133). An overly low crystallinity of the second polymer
may influence light diffusion rate of light traveling therethrough, which means an LED point light source would not be
able to be diffused to a face light source with even distribution. An overly high crystallinity of the second polymer may
influence transmission of light traveling therethrough, which means brightness of the light source would be hindered.
An overly large crystal diameter of the second polymer may influence light diffusion rate of light traveling therethrough,
which means an LED point light source would not be able to be diffused to a face light source with even distribution. An
overly small crystal diameter of the second polymer may influence transmission of light traveling therethrough, which
means brightness of the light source would be hindered. In one embodiment, the second polymer may individually serve
as the composition of the light diffusion element.
[0013] Although the first polymer and the second polymer may individually serve as the composition of the light diffusion
element, a blend thereof has an excellent light diffusion effect. These two polymers have very different crystal diameters,
regardless of their similar crystallinity. This difference in crystal diameter of the first and second polymers gives the blend
excellent light diffusion property. In general, the first polymer, with the larger crystal diameter, has a higher transmission
than that of the second polymer with the smaller crystal diameter, but the second polymer with the smaller crystal
diameter, has a higher light diffusion rate than the first polymer with the larger crystal diameter. On the basis of a common
sense, the transmission of the blend of the first and second polymers should be between the transmission of the first
and second polymers, and the light diffusion rate of the blend of the first and second polymers should be between the
light diffusion rates of the first and second polymers. As proven in experiments of the disclosure, the transmission of the
blend is between that of the first and the second polymers, but the light diffusion rate of the blend is higher than that of
the first and second polymers. The phenomenon may be due to the smaller crystals of the second polymer filling into
spaces between the larger crystals of the first polymer. In addition, the composition of the first polymer is similar to the
composition of the second polymer, such that the first and second polymers can be evenly blended without reducing
the light transmission.
[0014] In one embodiment, the first and second polymers are blended to serve as a composition of the light diffusion
element. In the blend, the first polymer and the second polymer have a weight ratio of 50:50 to 95:5. An overly high
weight ratio of the second polymer would reduce the transmission of the blend, and an overly low weight ratio of the
second polymer cannot efficiently improve the light diffusion effect of the blend.
[0015] If the first polymer and the second polymer of different crystallinities are blended, the blend with a crystal degree
difference will have lower transmission. On the other hand, if the first polymer and the second polymer of similar crystal
degrees are blended, the light diffusion effect of the blend can be achieved by the crystal diameter difference between
the first and second polymers.
[0016] Because the first and second polymers are thermoplastic materials having similar physical properties, the light
diffusion element can be molded by injection, extrusion, casting, or blown methods. The molding processes are free of
an additional pelletization process, and therefore save on related costs. Because the crystals in the first and second
polymer are of different diameters, and a blend of the first and second polymer may diffuse light, additional light diffusion
agents or particles can be saved in the embodiments of this disclosure.



EP 2 466 343 B1

4

5

10

15

20

25

30

35

40

45

50

55

EXAMPLES

[0017] In Examples 1-7 and Comparative Examples 1-2, polypropylene (6331, commercially available from LCY Chem-
ical Co.) was adopted as the first polymer, and ethylene-propylene copolymer (031, commercially available from LCY
Chemical Co.) was adopted as the second polymer. The first polymer had a crystallinity of 48% and a crystal diameter
of 1mm to 120mm. The second polymer had a crystallinity of 45% and a crystal diameter of 0.05mm to 10mm. In Example
8 and Comparative Examples 3-4, polypropylene (1120, commercially available from Formosa Plastics Co.) was adopted
as the first polymer, and polypropylene (1124 commercially available from Formosa Plastics Co.) was adopted as the
second polymer. The first polymer had a crystallinity of 50% and a crystal diameter of 5mm to 120mm. The second
polymer had a crystallinity of 49% and a crystal diameter of 0.1mm to 1mm. The first and second polymers were blended
with different weight ratios, and then injection molded to form a light diffusion board. The light diffusion board had a half-
ball shape with a radius of 30mm, and a thickness of 1.2mm. The composition of the light diffusion boards in different
Examples and Comparative Examples are tabulated in Tables 1 and 2.
[0018] The transmission and light diffusion rates of the light diffusion boards were measured by the JIS K 7136 standard,
as shown in Tables 1 and 2.

[0019] As shown in the comparisons between Comparative Example 1, Comparative Example 2, and Examples 1-7
in Table 1, the transmission of the blends were between that of the first polymer and the second polymer, but the light
diffusion rates of the blends were greater than that of the first polymer and the second polymer. Similarly, as shown in
the comparisons between Comparative Example 3, Comparative Example 4, and Example 8 in Table 2, the transmission
of the blends were between that of the first polymer and the second polymer, but the light diffusion rates of the blends
were greater than that of the first and second polymers.
[0020] Furthermore, commercially available light diffusion boards were selected for comparison with the light diffusion
boards (Example 6). The commercially available light diffusion boards were an A40 (commercially available from OSRAM,
half-ball shaped with a radius of 30mm, and a thickness of 1.2mm) and KL005 (commercially available from Carry Beam

Table 1

Weight ratio of the first polymer and the second 
polymer

Transmission (%) Light diffusion rate 
(%)

Comparative 
Example 1

100:0 86.65 68.62

Example 1 50:50 73.61 72.5

Example 2 55:45 74.21 73.15

Example 3 60:40 76.17 74.75

Example 4 65:35 77.66 75.85

Example 5 80:20 81.89 77.21

Example 6 85:15 82.44 77.33

Example 7 90:10 84.73 74.95

Comparative 
Example 2

0:100 63.98 63.57

Table 2

Weight ratio of the first polymer and the second 
polymer

Transmission (%) Light diffusion rate 
(%)

Comparative 
Example 3

100:0 86.34 70.78

Example 8 80:20 86.12 72.37

Comparative 
Example 4

0:100 84.51 45.12
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Co. Ltd., half-ball shaped with a radius of 30mm, and a thickness of 1.2mm).
[0021] The transmission and light diffusion rates of the commercially available light diffusion boards and the light
diffusion board in Example 6 were measured by the JIS K 7136 standard, as shown in Table 3.

[0022] As shown in Table 3, the polymer blended with an appropriate ratio had a higher transmission and light diffusion
rate than that of the commercially available products.
[0023] While the invention has been described by way of example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the disclosed embodiments. To the contrary, it is intended to cover
various modifications and similar arrangements (as would be apparent to those skilled in the art).

Claims

1. A light-emitting device, comprising:

an LED light source; and
a light diffusion element covering at least a part of the LED light source,
wherein the light diffusion element comprises a blend of a first polymer and a second polymer,
wherein the first polymer has a larger crystal diameter than that of the second polymer,
wherein the first polymer is polypropylene,
wherein the second polymer is ethylene-propylene copolymer,
wherein the first polymer has a crystal diameter of 1mm to 120mm, and
wherein the second polymer has a crystal diameter of 0.05mm to 10mm.

2. The light-emitting device as claimed in claim 1, wherein the first polymer and/or the second polymer has a crystal
degree of 40% to 70% at room temperature.

3. The light-emitting device as claimed in claim 1, wherein the first polymer and/or the second polymer has a weight-
average molecular weight of 10,000 to 1,000,000.

4. The light-emitting device as claimed in claim 1, wherein the blend has a transmission between that of the first polymer
and that of the second polymer.

5. The light-emitting device as claimed in claim 1, wherein the blend has a higher light diffusion rate than that of the
first polymer and the second polymer.

6. The light-emitting device as claimed in claim 1, wherein the first polymer and the second polymer of the blend have
a weight ratio of 50:50 to 95:5.

7. The light-emitting device as claimed in claim 1, wherein an ethylene monomer and a propylene monomer of the
ethylene-propylene copolymer have a weight ratio of less than or equal to 20:100.

8. The light-emitting device as claimed in claim 1, wherein the first polymer and/or the second polymer has a melting
index of 0.1 g/10min to 200 g/10min.

Patentansprüche

1. Eine lichtemittierende Vorrichtung, beinhaltend:

Table 3

Transmission (%) Light diffusion rate (%)

Example 6 82.44 77.33

OSRAM 79.03 74.13

Carry Beam 56.06 55.74
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eine LED-Lichtquelle; und
ein Lichtstreuungselement, welches zumindest einen Teil der LED-Lichtquelle abdeckt,
wobei das Lichtstreuungselement eine Mischung aus einem ersten und einem zweiten Polymer beinhaltet,
wobei das erste Polymer einen größeren Kristalldurchmesser als das zweite Polymer hat,
wobei das erste Polymer Polypropylen ist,
wobei das zweite Polymer Ethylen-Propylen-Copolymer ist,
wobei das erste Polymer einen Kristalldurchmesser von 1mm bis 120mm hat, und
wobei das zweite Polymer einen Kristalldurchmesser von 0,05mm bis 10mm hat.

2. Lichtemittierende Vorrichtung nach Anspruch 1, wobei das erste Polymer und/oder das zweite Polymer einen Kris-
tallisationsgrad von 40% bis 70% bei Raumtemperatur hat.

3. Lichtemittierende Vorrichtung nach Anspruch 1, wobei das erste Polymer und/oder das zweite Polymer ein ge-
wichtsbezogenes durchschnittliches Molekulargewicht von 10000 bis 1000000 hat.

4. Lichtemittierende Vorrichtung nach Anspruch 1, wobei die Mischung eine Transmission zwischen derjenigen des
ersten Polymers und derjenigen des zweiten Polymers hat.

5. Lichtemittierende Vorrichtung nach Anspruch 1, wobei die Mischung eine größere Lichtstreuungsrate als das erste
und das zweite Polymer hat.

6. Lichtemittierende Vorrichtung nach Anspruch 1, wobei das erste Polymer und das zweite Polymer der Mischung
ein Gewichtsverhältnis von 50:50 bis 95:5 haben.

7. Lichtemittierende Vorrichtung nach Anspruch 1, wobei ein Ethylen-Monomer und ein Propylen-Monomer des Ethy-
len-Propylen-Copolymers ein Gewichtsverhältnis von kleiner als oder gleich 20:100 haben.

8. Lichtemittierende Vorrichtung nach Anspruch 1, wobei das erste Polymer und/oder das zweite Polymer einen
Schmelzflussindex von 0,1 g/10min bis 200 g/10min hat.

Revendications

1. Dispositif luminescent, comprenant :

une source de lumière DEL ; et
un élément de diffusion de lumière recouvrant au moins une partie de la source de lumière DEL,
dans lequel l’élément de diffusion de lumière comprend un mélange d’un premier polymère et d’un second
polymère,
dans lequel le premier polymère présente un diamètre de cristal supérieur à celui du second polymère,
dans lequel le premier polymère est le polypropylène,
dans lequel le second polymère est le copolymère éthylène-propylène,
dans lequel le premier polymère présente un diamètre de cristal de 1 mm à 120 mm, et
dans lequel le second polymère présente un diamètre de cristal de 0,05 mm à 10 mm.

2. Dispositif luminescent selon la revendication 1, dans lequel le premier polymère et/ou le second polymère présen-
te(nt) un degré de cristal de 40% à 70% à température ambiante.

3. Dispositif luminescent selon la revendication 1, dans lequel le premier polymère et/ou le second polymère présen-
te(nt) une masse moléculaire moyenne en poids de 10 000 à 1 000 000.

4. Dispositif luminescent selon la revendication 1, dans lequel le mélange présente un facteur de transmission compris
entre celui du premier polymère et celui du second polymère.

5. Dispositif luminescent selon la revendication 1, dans lequel le mélange présente un taux de diffusion de lumière
plus élevé que celui du premier polymère et du second polymère.

6. Dispositif luminescent selon la revendication 1, dans lequel le premier polymère et le second polymère du mélange
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présentent un rapport de poids de 50:50 à 95:5.

7. Dispositif luminescent selon la revendication 1, dans lequel un monomère d’éthylène et un monomère de propylène
du copolymère éthylène-propylène présentent un rapport de poids inférieur ou égal à 20:100.

8. Dispositif luminescent selon la revendication 1, dans lequel le premier polymère et/ou le second polymère présen-
te(nt) un indice de fusion de 0,1 g/10mn à 200 g/10 mn.
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