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(54) Abstract Title
Light emitting device

(57) A light emitting device comprises a plurality of light sources 10, 12, 14 a first medium 16 having a first
refractive index, and a second medium 18 which is contiguous to the first medium 16 and which has a second
refractive index different from the first refractive index. The light beam 10a, 14a, emitted from at least one of
the light sources 10, 14 is arranged to travel from the second medium 18 to the first medium 16 and refract on
crossing the boundary 32, 36 therebetween so as to form with the light beamn(s) 12a emitted from the
remaining light source(s) 12 a single collimated light beam.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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Preferably, the number of light sources is three, and light from at least two of
the light sources is arranged to travel in the two mediums, the light beams from said
at least two light sources being arranged to refract on crossing the said boundary so

that all three light beams form the said single collimated light beam.

Further preferable and/or optional features of the present invention are set

forth in claims 3 to 23, inclusive.

The invention will now be more particularly described, by way of example

only, with reference to the accompanying drawings, wherein :

Figure 1 is a schematic view of a prior art Kingbright 3-in-1 LED,

Figure 2 is a general schematic view of a first embodiment of a light emitting

device, in accordance with the present invention,

Figure 3 is a more detailed schematic view, on a much enlarged scale, of the

light emitting device shown in Figure 2 embodied as a first type of LED,

Figure 4 is a schematic view of the LED shown in Figure 3, with a

transparent cap element included,

Figure 5 is a detailed schematic view, on a much enlarged scale, of the light

emitting device embodied as a second type of LED, and
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It will be realised that, although surfaces 24, 26 and 28 of the second medium
18 are planar or substantially planar, they could be appropriately shaped to be non-
planar so that all portions of the diverging light beams 10a, 12a and 14a refract at or
substantially at the critical angle of the second medium on crossing into the first

medium 16.

Figure 5 schematically depicts a second type of LED embodying the present
device. In this case, the light sources 10, 12 and 14 are LED chips or guns which

emit parallel light beams 10a, 12a and 14a.

As the light beams 10a, 12a and 14a are parallel beams, all parts of the beams
will have the same respective angles of incidence and refraction. As the light beams
10a and 14a therefore cross the boundary surfaces 32 and 36 of the channel or tube
30 and become collimated, refraction at the critical angle (shown at positions spaced
from surfaces 32 and 36 for clarity) can occur, and the light beams 10a, 12a and 14a
can refract back to being parallel with each other. This leads to a single collimated
light beam in which the constituent light beams 10a, 12a and 14a are experiencing no
or negligible internal reflection from the surfaces 32 and 36 of the channel or tube
30. Consequently, the channel or tube 30 need not necessarily be extended to the

transparent cap element 22 (not shown in figure 5).

Diverging and parallel light beams 10a, 12a and 14a can thus be collimated to
form a single light beam. In this embodiment, where the light sources 10, 12 and 14

emit wavelengths corresponding to the colours red, blue and green, the single
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collimated light beam is white. However, the colour of the single collimated light
beam can be set by altering the wavelengths of light emitted by the light sources 10,

12 and 14.

It will be understood that, although the above has been described with
reference to three light sources 10, 12 and 14, it is entirely possible to have only two

lights sources, or more than three light sources.

In the case of only two light sources 10 and 12, as shown in Figure 6, only
one angle of incidence will need to be set for the light beam 10a which will undergo
refraction. If refraction into the first medium 16 occurs at the critical angle of the
second medium 18, then the surface 36 of the channel or tube 30, which is shown in
the first embodiment, can be dispensed with as there will be no requirement for
internal reflection within the first medium 16. However, if refraction into the first
medium 16 occurs at angles other than the critical angle, the surface 36 (not shown

in Figure 6) is retained to enable internal reflection within the first medium 16.

If more than three light sources are provided, the surfaces of the second
medium 18 on which the light beams are incident from the third medium 19 can be

arranged peripherally around the channel or tube 30.

Alternatively, if each light beam is of a different wavelength, the surfaces 24
and 28 could include two or more planes of incidence, each corresponding to a

respective light beam.
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If the light beams are grouped by matching wavelengths, the groups of light
beams can be arranged to be incident on the surfaces 24, 26 and 28, respectively, of

the second medium 18.

In the specific case of the light emitting device being in the form of an LED,
the base member 20 can be formed at 3 mm, 5 mm and 10 mm diameters, and the
LED chips or guns can be arranged in the present prior art manner on the base

member 20. As such, direct interchangability with prior art LEDs is possible.

Although, in this embodiment, the first and third mediums 16 and 19 are
identical, they could be formed of different materials having different refractive

indexes.

Furthermore, if it is not required to have the light sources 10, 12 and 14
positioned in parallel, the third medium 19 could be done away with and the light

sources could be mounted directly on or within the second medium 18.

One or both of the mediums 16 and 19 could be formed of a fluid, such as
air, a gas other than air, or indeed a liquid. The second medium 18 is not limited to
being formed from glass or plastics material and could be formed of any other

suitable material.

Although the second medium 18 is a single part, it could be two or more parts

with the channel or tube 30 being formed by the positioning of the parts. In this case,
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the light beam 12a could travel directly into the channel or tube 30 without first

entering the second medium 18.

The light emitting device of the present invention is obviously not limited to
being embodied as LEDs, and can also be incorporated into applications utilising
other types of light sources, such as lasers, cathode ray tube ‘guns’ being for

example either RGB or VGA, or fibre optics.

In a modification to the embodiment, the plurality of light sources (10, 12 and
14) could all emit light of a single wavelength (colour). The light emitting device

would thus serve to act as an amplifier. In this case, the angles of incidence (o and

B) would be identical.

The light emitting device could also effectively be extrapolated so that a
single collimated light beam emitted by the device serves to act as a light source for a

further light emitting device.

With the device described above, it is possible to provide a single light beam
which is collimated, which has a uniform or substantially uniform colour
distribution, and which has a relatively narrow or focused beam. It is also possible to
provide this light emitting device as a light emitting diode (LED) which can directly

replace existing LEDs.

The embodiments described above are given by way of example only and
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various modifications will be apparent to persons skilled in the art without departing

from the scope of the invention as defined in the appended claims.
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CLAIMS

1. A light emitting device comprising a plurality of light sources, a first medium
having a first refractive index, and a second medium which is contiguous to the first
medium and which has a second refractive index different from the first refractive
index, the light beam emitted from at least one of the light sources being arranged to
travel from the second medium to the first medium and refract on crossing the
boundary therebetween so as to form with the light beam(s) emitted from the

remaining light source(s) a single collimated light beam.

2. A light emitting device as claimed in claim 1, wherein the number of light
sources is three, and light from at least two of the light sources is arranged to travel
in the two mediums, the light beams from said at least two light sources being
arranged to refract on crossing the said boundary so that all three light beams form

the said single collimated light beam.
3. A light emitting device as claimed in claim 2, wherein the light beams from
the said at least two light sources are arranged to travel through a third medium

before entering the second medium.

4. A light emitting device as claimed in claim 3, wherein the third medium is the

same as the first medium.

5. A light emitting device as claimed in claim 3 or claim 4, wherein the plurality
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of light sources are arranged in parallel spaced relationship.

6. A light emitting device as claimed in any one of claims 3 to 5, wherein the

light sources emit light of different wavelengths.

7. A light emitting device as claimed in claim 6, wherein the different

wavelengths correspond to red, green and blue.

8. A light emitting device as claimed in claim 6 or claim 7, wherein the single

collimated light beam is white.

9. A light emitting device as claimed in any one of claims 3 to 8, wherein the
angles of incidence of the light beams from the said at least two light sources on the

second medium are different.

10. A light emitting device as claimed in any one of the preceding claims,
wherein a channel is formed in or by the second medium, the side or sides of the

channel acting as the said boundary between the first and second mediums.

11. A light emitting device as claimed in claim 10, wherein the angle of
refraction of the light beam(s) is/are set so that, on exiting the second medium, the
light beam(s) can only internally reflect or can only substantially internally reflect as

movement along the channel occurs.
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12. A light emitting device as claimed in any one of the preceding claims,
wherein the light beams of the plurality of light sources are convergent when

travelling in the second medium.

13. A light emitting device as claimed in any one of the preceding claims,

wherein all the light beams are arranged to travel in the two mediums.

14. A light emitting device as claimed in any one of the preceding claims, further

comprising a housing in which the light sources and the mediums are disposed, the

single collimated light beam being formed before exiting the housing.

15. A light emitting device as claimed in claim 14, wherein the housing

comprises a base member and a transparent cap element.

16. A light emitting device as claimed in any one of the preceding claims,

wherein the second medium is a solid.

17. A light emitting device as claimed in claim 16, wherein the solid is glass.

18. A light emitting device as claimed in claim 17, wherein the glass is optical

glass.

19. A light emitting device as claimed in claim 16, wherein the solid is plastics

material.
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20. A light emitting device as claimed in any one of the preceding claims,

wherein the first medium is a gas.

21. A light emitting device as claimed in any one of the preceding claims,
wherein the device is a light emitting diode (LED and the plurality of light sources

are in the form of light emitting diode (LED) chips or guns.

22. A light emitting device as claimed in any one of the preceding claims,

wherein the light sources are parallel beam light sources.

23. A light emitting device as claimed in any one of claims 1 to 21, wherein the

light sources are divergent beam light sources.

24. A light emitting device substantially as hereinbefore described with reference

to Figure 2, Figure 3, Figure 4 and Figure 5 of the accompanying drawings.
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