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Light-emitting-diode chip package and a collimator

The invention relates to a light-emitting-diode chip package comprising at
least one light-emitting-diode chip and a collimator for collimating the light emitted by the
light-emitting-diode chip.

The invention also relates to a collimator for use in the light-emitting-diode
chip package.

Such light-emitting-diode chip packages are known conventionally. They are
used as light sources, inter alia, in backlight-emitting panels in (picture) display devices, for
example for TV sets and monitors. Such light-emitting-diode chip packages are particularly
suitable for use as light sources in backlights for non-emissive displays such as liquid crystal
display devices, also denoted LCD panels, which are used in (portable) computers or
(portable) telephones.

Such light-emitting-diode chip packages are also used as light sources in
luminaires for general lighting purposes or for shop lighting, for example shop window
lighting or lighting of (transparent or semi-transparent) plates of glass or of (transparent)
plates of glass or of (transparent) synthetic resin on which items, for example jewelry, are
displayed. Such light-emitting-diode chip packages are further used as light sources for
window panes, for example for causing a glass wall to radiate light under certain conditions,
or to reduce or block out the view through the window by means of light. A further
alternative application is the use of such light-emitting-diode chip packages as light sources
for illuminating advertising boards. In addition, the light-emitting-diode chip packages can be

used for interior lighting, in particular for home lighting.

A light-emitting-diode chip package is known from US patent application
US-A 2003/0 076 034. The known light-emitting-diode chip package includes a base, an
array of LED chips disposed on the base, and a collimator mounted on the base, over the
array of light-emitting-diode chips. The collimator is generally configured as a rectangular,
horn-like member and typically includes walls that collimate the light emitted by the LED
chips. The collimator in the known light-emitting-diode chip package is typically
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manufactured from a plastic as a single solid member with a cavity for the LED chips. In
addition, the cavity is typically filled with a transparent silicone material.

A disadvantage of the known light-emitting-diode chip package is that the
LED chips cannot be operated at sufficiently high powers.

The invention has for its object to eliminate the above disadvantage wholly or
partly. According to the invention, a light-emitting-diode chip package comprises:

a base,

at least one light-emitting-diode chip disposed on the base,

a collimator for collimating the light emitted by the light-emitting-diode chip,

the collimator being made from a ceramic material that is able to withstand
temperatures above 250°C.

There is a tendency in light-emitting-diode chip packages to increase the
(power) output level of the light-emitting-diode chips. Such LED chips when driven at
nominal power have a radiant power output in the range from 100 mW to 5 W. This may

result in temperatures of parts of the light-emitting-diode chip package in the immediate

'vicinity which may rise to well above 200°C. In the light-emitting-diode chip package

according to the invention, the LED chip is placed in a ceramic collimator. High-power LED
chips can be used and temperature is no longer a constraint of the light-emitting-diode chip
package in that the collimator is manufactured from a ceramic material able to withstand
temperatures above 250°C. |

Generally, light-emitting-diode chip packages comprise LED chips
encapsulated in organic compounds. This implies that that the LED chips cannot be operated
at temperatures higher than 120°C. Such temperatures hamper the operation of the light-
emitting-diode chip package with high power LED chips.

Preferably, the material of the collimator is selected from the group formed by
aluminum oxide, aluminum nitride, and aluminum silicate. These materials can withstand
high temperatures.

A preferred embodiment of the light-emitting-diode chip package according to
the invention is characterized in that the collimator is provided with a reflective layer of
aluminum oxide or of aluminum silicate at a side facing the light-emitting-diode chip.

Preferably, such a reflective layer has a high diffuse reflectivity.
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It is desirable to make not only the collimator, but also the base of the light-
emitting-diode chip package of a ceramic material. To this end a preferred embodiment of the
light-emitting-diode chip package according to the invention is characterized in that the base
is made from a ceramic material able to withstand temperatures above 250°C. Preferably, the
material of the base is selected from the group formed by aluminum oxide, aluminum nitride,
and aluminum silicate. These materials can withstand high temperatures.

A very favorable embodiment of the light-emitting-diode chip package
according to the invention is characterized in that the base is made from aluminum nitride
and the collimator is made from aluminum silicate.

When LED chips are used in an optical system, normally a so-called light-
coupling medium, for instance a gel, is used to transfer the light from the light-emitting-diode
chip into the collimator. Normally, plastics are used to encapsulate the light-emitting-diode
chip. However, if the temperature of parts of the light-emitting-diode chip package in the
immediate vicinity of the light-emitting-diode chip rises to temperatures well above 200°C, .
plastics can no longer be used. A preferred embodiment of the light-emitting-diode chip
package according to the invention is therefore characterized in that the light-emitting-diode
chip package comprises a light-coupling medium for transferring light from the light-
emitting-diode chip to the collimator, the light-coupling medium being made of glass.

Preferably, a refractive index and a thermal expansion coefficient of the light-
coupling medium substantially match the refractive index and the thermal expansion
coefficient of the material of the collimator.

Preferably, the radiant power output of the light-emitting-diode chip when

driven at nominal power is in the range from 100 mW to 5 W.

The invention will now be explained in more detail with reference to a number
of embodiments and a drawing, in which:

Fig. 1 is a cross-sectional view of a first embodiment of the light-emitting-
diode chip package according to an embodiment of the invention, and

Fig. 2 is a cross-sectional view of a second embodiment of the light-emitting-
diode chip package according to an embodiment of the invention.

The Figures are purely diagrammatic and not drawn true to scale. Some
dimensions are particularly strongly exaggerated for reasons of clarity. Equivalent

components have been given the same reference numerals as much as possible in the Figures.
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Figure 1 schematically shows a cross-sectional view of a first embodiment of
the light-emitting-diode chip package according to an embodiment of the invention. The
light-emitting-diode chip package comprises a base 1 and at least one light-emitting-diode
(LED) chip 2 disposed on the base 1. In the example of Figure 1, the LED chip 2 comprises a
(single-crystal) sapphire substrate upon which two layers are grown, preferably in an
epitaxial manner. The two layers comprise, for instance, a p-type layer and a n-type layer.

In the example of Figure 1, the LED chip 2 is contacted via connection means
13, 14 which are connected to current-supply conductors 23, 24. In the example of Figure 1,
the current-supply conductors 23, 24 are made via bumps instead of via the well-known wire
bonds. This further enhances the light-emitting-diode chip package for the purpose of
withstanding high temperatures.

The light-emitting-diode chip package further comprises a collimator 5 for
collimating the light emitted by the light-emitting-diode chip 2. The collimator 5 is made
from a ceramic material able to withstand temperatures above 250°C. High-power LEDs can
be used and temperature is no longer a constraint of the light-emitting-diode chip package in
that the collimator 5 is manufactured from a ceramic material able to withstand temperatures
above 250°C. As LED chips 2 will be used having a radiant power output in the range from 1
to 5 W when driven a nominal power, the temperature of parts of the light-emitting-diode
chip package in the immediate vicinity may rise to well above 200°C. In addition, the
ceramic collimator 5 can be manufactured at the packaging level.

The material of the collimator 5 is preferably selected from t};e group formed
by aluminum oxide, aluminum nitride, and aluminum silicate. These materials can withstand
high temperatures.

In the example of Figure 1, both the base 1 and the collimator 5 are made in
one piece. In this manner, the base 1 is made from the same ceramic material as the
collimator. Preferably, the material of the base 1 and the collimator 5 is selected from the
group formed by aluminum oxide, aluminum nitride, and aluminum silicate.

In order to give the collimator a high diffuse reflectivity, a side of the
collimator 5 facing the light-emitting-diode chip 2 is provided with a reflective layer 15 of
aluminum oxide or of aluminum silicate. Such a reflective layer 15 has a high diffuse

reflectivity, in particular if the reflective layer is made from the aluminum silicate known as
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mullite, i.e. 3AL0;.2Si0,. The diffuse reflectivity of the reflective layer 15 made of mullite
is as high as 99%.

In the example of Figure 1, the light-emitting-diode chip package further
comprises a light-coupling medium 8 for transferring light emitted by the sapphire 3 from the
light-emitting-diode chip 2 to the collimator 5. Preferably, the light-coupling medium 8 is
made from glass, preferably of a so-called low-melting glass, preferably with a refractive
index of 1.8 or higher. Suitable glasses are oxifluoride glasses of Pb, Sb, Sn, Te, Bi and/or
Se. In addition, the refractive index and the thermal expansion coefficient of the light-
coupling medium 8 substantially match the refractive index and the thermal expansion
coefficient of the material of the collimator 5.

Figure 2 schematically shows a cross-sectional view of a second embodiment
of the light-emitting-diode chip package according to an embodiment of the invention. In the
example of Figure 2, the base 1 and the collimator 5 are made in two pieces. Preferably, the
base 1 is made from aluminum nitride and the collimator 5 is made from an aluminum
silicate. In order to give the collimator 5 a high diffuse reflectivity, the collimator 5 is made
from the aluminum silicate known as mullite, i.e. 3A1,0;.2Si0,. The diffuse reflectivity of -
the collimator 5 made of mullite is as high as 99%.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. Use
of the verb “comprise” and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The article “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements. The invention may be implemented by
means of hardware comprising several distinct elements, and by means of a suitably
programmed computer. In the device claim enumerating several means, several of these
means may be embodied by one and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage.
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CLAIMS:
1. A light-emitting-diode chip package comprising:
a base (1), |
at least one light-emitting-diode chip (2) disposed on the base (1),
a collimator (5) for collimating the light emitted by the light-emitting-diode
chip (2),

the collimator (5) being made from a ceramic material that is able to withstand

temperatures above 250°C.

2. A light-emitting-diode chip package as claimed in claim 1, wherein the
material of the collimator (5) is selected from the group formed by aluminum oxide,

aluminum nitride, and aluminum silicate.

3. A light-emitting-diode chip package as claimed in claim 2, wherein the

collimator (5) is provided with a reflective layer (15) of aluminum oxide or of aluminum

silicate at a side facing the light-emitting-diode chip (2).

4. A light-emitting-diode chip package as claimed in claim 1 or 2, wherein the

base (1) is made from a ceramic material that is able to withstand temperatures above 250°C.

5. A light-emitting-diode chip package as claimed in claim 1, wherein the
material of the base (1) is selected from the group formed by aluminum oxide, aluminum

nitride, and aluminum silicate.

6. A light-emitting-diode chip package as claimed in claim 1, wherein the base

(1) is made from aluminum nitride and the collimator (5) is made from aluminum silicate.

7. A light-emitting-diode chip package as claimed in claim 1 or 2, wherein the

light-emitting-diode chip package comprises a light-coupling medium (8) for transferring
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light from the light-emitting-diode chip (2) to the collimator (5), the light-coupling medium
(8) being made of glass.

8. A light-emitting-diode chip package as claimed in claim 6, wherein a
refractive index and a thermal expansion coefficient of the light-coupling medium (8)
substantially match the refractive index and the thermal expansion coefficient of the material

of the collimator (5).

9. A light-emitting-diode chip package as claimed in claim 1 or 2, wherein the
radiant power output of the light-emitting-diode chip when driven a nominal power is in the

range from 100 mW to 5 W.

10. A collimator (5) for use in a light-emitting-diode chip package as claimed in

claim 1 or 2.
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