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Description

[0001] This invention relates to semiconductor light
emitting devices including a filter.
[0002] Semiconductor light emitting devices such as
light emitting diodes (LEDs) are among the most efficient
light sources currently available. Material systems cur-
rently of interest in the manufacture of high brightness
LEDs capable of operation across the visible spectrum
include group III-V semiconductors, particularly binary,
ternary, and quaternary alloys of gallium, aluminum, in-
dium, and nitrogen, also referred to as III-nitride materi-
als; and binary, ternary, and quaternary alloys of gallium,
aluminum, indium, arsenic, and phosphorus. Often III-
nitride devices are epitaxially grown on sapphire, silicon
carbide, or III-nitride substrates and III-phosphide devic-
es are epitaxially grown on gallium arsenide by metal
organic chemical vapor deposition (MOCVD) molecular
beam epitaxy (MBE) or other epitaxial techniques. Often,
an n-type region is deposited on the substrate, then an
active region is deposited on the n-type region, then a p-
type region is deposited on the active region. The order
of the layers may be reversed such that the p-type region
is adjacent to the substrate.
[0003] The color of light emitted from a semiconductor
light emitting device chip such as a light emitting diode
may be altered by placing a wavelength-converting ma-
terial in the path of the light exiting the chip. The wave-
length-converting material may be, for example, a phos-
phor. Phosphors are luminescent materials that can ab-
sorb an excitation energy (usually radiation energy) and
store this energy for a period of time. The stored energy
is then emitted as radiation of a different energy than the
initial excitation energy. For example, "down-conversion"
refers to a situation where the emitted radiation has less
quantum energy than the initial excitation radiation. The
energy wavelength effectively increases, shifting the
color of the light towards red.
[0004] A common method of making a light emitting
device that emits white light is to combine a phosphor
such as Y3Al5O12:Ce3+ that emits yellow light with a
blue LED chip that emits blue light. The combination of
yellow phosphor-converted light and unconverted blue
light leaking through the phosphor layer appears white.
The color characteristics of the combined light are con-
trolled by selecting only LEDs that emit blue light of a
particular wavelength, and by varying the thickness of
the phosphor layer to control the amount of leakage of
blue light and the amount of phosphor conversion. This
approach is inefficient in that large numbers of LEDs
which emit blue light at a wavelength outside the desired
range are unusable, and results in large variations in the
correlated color temperature (CCT) of the light since it is
difficult to precisely control the amount of blue leakage
and phosphor conversion. The CCT of phosphor con-
verted LEDs sold today may vary from 5500K to 8500K.
Discernable color differences are dependent on the CCT
of the combined light. At 6500K, differences as small as

300K are apparent to the viewer. The large variation in
CCT between parts is unacceptable for many applica-
tions.
[0005] EP1403934 discloses a light emitting device in-
cludes a semiconductor light emitting device chip having
a top surface and a side surface, a wavelength-convert-
ing material overlying at least a portion of the top surface
and the side surface of the chip, and a filter material over-
lying the wavelength-converting material. The chip is ca-
pable of emitting light of a first wavelength, the wave-
length-converting material is capable of absorbing light
of the first wavelength and emitting light of a second
wavelength, and the filter material is capable of absorbing
light of the first wavelength. In other embodiments, a light
emitting device includes a f liter material capable of re-
flecting light of a first wavelength and transmitting light
of a second wavelength.
[0006] US5813752 discloses a visible light emitting de-
vice for use in lighting and/or display applications in-
cludes a UV LED, a phosphor layer on the upper, main
light emitting surface of the LED, and a short wave pass
(SWP) filter between the LED and the phosphor layer to
transmit UV light from the LED to the phosphor layer, as
well as to reflect visible light from the phosphor layer in
a forward direction.
[0007] US6623142 discloses to adjust the spectral
characteristics of a light emitting diode (LEDs) by placing
a filter in the LEDs light emission path. The filter is printed
on the lens of the LED or printed on a cap that is later
attached to the LED via ink jet printing or another printing
method. The specific ink colors selected for the filter de-
pend on the deviation of each LED from a specified tol-
erance.
[0008] US6340824 discloses a light emitting device or
image display includes a fluorescent material as a wave-
length converter for converting a wavelength into anoth-
er. The fluorescent material is disposed in a predeter-
mined positional relation, to prevent external leakage of
primary light and to extract secondary light made by
wavelength-converting the primary light with a very high
efficiency. The current invention concerns a light-emitting
device according to claims 1 and 7. Embodiments are
disclosed in the dependent claims.
In accordance with embodiments of the invention, a sem-
iconductor structure including a light emitting region dis-
posed between an n-type region and a p-type region is
provided. The light emitting region is configured to emit
first light, blue light in some embodiments. A wavelength
converting material configured to absorb a portion of the
first light and emit second light, yellow light in some em-
bodiments, is disposed in a path of the first light. A filter
is disposed in a path of the first and second light. In some
embodiments, the filter absorbs or reflects a fraction of
first light at an intensity greater than a predetermined
intensity. In some embodiments, the filter absorbs or re-
flects a portion of the second light. In some embodiments,
a quantity of filter material is disposed in the path of the
first and second light, then the CCT of the first and second
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light passing through the filter is detected. More filter ma-
terial may be added or filter material may be removed to
correct the detected CCT to a predetermined CCT.
[0009] Filters according to embodiments of the inven-
tion may be used to correct the CCT of white light formed
by combining a blue-emitting semiconductor light emit-
ting device with a yellow-emitting phosphor.

Fig. 1 is a plot of intensity and CCT as a function of
phosphor thickness for the blue and yellow light emit-
ted in a device combining a blue-emitting LED with
a yellow-emitting phosphor.
Fig. 2 is a plot of output fluence as a function of input
fluence for a filter material according to embodiments
of the invention.
Fig. 3 illustrates a conformal wavelength converting
layer and a conformal filter layer disposed over a flip
chip mounted thin film semiconductor light emitting
device.
Fig. 4 illustrates a ceramic wavelength converting
layer and a filter layer disposed over a flip chip
mounted thin film semiconductor light emitting de-
vice.
Fig. 5 illustrates a filter layer disposed over a lens
disposed over a phosphor converted semiconductor
light emitting device.
Fig. 6 illustrates a filter material disposed in an en-
capsulant disposed over a phosphor converted sem-
iconductor light emitting device.

[0010] In accordance with embodiments of the inven-
tion, a light emitting device includes a filter for filtering
out any undesired light from the spectrum emitted by the
device. The use of a filter may offer improved control over
the CCT of the combined light emitted by a phosphor
converted semiconductor light emitting device.
[0011] The CCT of the combined light emitted by a
blue-emitting light emitting device combined with a yel-
low-emitting phosphor can be altered by altering the
wavelength of the blue light emitted by the device, the
amount of blue light in the combined light, and the amount
of yellow light in the combined light.
[0012] In some embodiments, the filter material alters
the CCT of the combined light by capping the amount of
blue light in the combined light. The inventors have ob-
served that the intensity of light emitted by the phosphor
varies linearly with phosphor thickness, while the inten-
sity of unconverted light leaking through the phosphor
varies exponentially with phosphor thickness. Fig. 1 is a
plot of intensity and CCT as a function of phosphor layer
thickness for both blue (diamonds in Fig. 1) and yellow
(squares in Fig. 1) light in a phosphor converted light
emitting device. The triangles illustrate the CCT of the
combined light. As illustrated in Fig. 1, as the phosphor
thickness increases, the intensity of yellow light in the
combined light drops linearly. As the phosphor thickness
increases, the intensity of blue light in the combined light
drops exponentially. The nonlinear relationship between

phosphor thickness and blue light intensity makes tar-
geting the desired intensity of blue light particularly diffi-
cult.
[0013] Fig. 2 illustrates the behavior of a filter material
capable of capping the intensity of blue light. Fig. 2 is a
plot of output fluence as a function of input fluence for a
filter material. The filter material illustrated in Fig. 2 is
transparent below a given input intensity threshold. Once
the input intensity threshold is reached, the filter material
becomes opaque to any light beyond the intensity thresh-
old. Thus, the filter material caps the intensity of blue light
emitted from the device at the threshold level, often by a
process referred to as reverse saturable absorption.
[0014] Appropriate filter materials capable of capping
the intensity of blue light at a given threshold level may
be organic or inorganic and include fullerenes, hydrother-
mal zinc-oxide crystals, and dendron decorated porphy-
rins.
[0015] The wavelength-converting layer of a device
employing a filter material capable of capping the inten-
sity of blue light at a given threshold level may be de-
signed such that the wavelength converting layer oper-
ates at peak efficiency, regardless of the amount of blue
light leakage through the wavelength-converting layer.
In general, the efficiency of phosphor-converted light
emitting devices, in terms of lumens of light extracted per
unit of electrical power supplied, increases as the amount
of blue light leaking through the phosphor layer increas-
es, both because the phosphor more efficiently gener-
ates light at lower absorption and because the phosphor
layer is thinner such that less light is lost to backscattering
and later absorption by the phosphor layer or the semi-
conductor device. In such a device with a thin phosphor
layer that permits significant leakage of blue light, a filter
material capable of capping the intensity of blue light at
a given threshold level may be used to remove excess,
unwanted blue light from the spectrum, such that the
combined light transmitted by the filter material has the
desired CCT.
[0016] A filter material capable of capping the intensity
of blue light at a given threshold level may also be used
to linearize the relationship between phosphor layer
thickness and intensity of blue light leaking through the
phosphor shown in Fig. 1. When such a filter material is
used, the CCT of the combined light can be more readily
controlled by the thickness of the phosphor layer, since
the blue light intensity and therefore the CCT is less sen-
sitive to small variations in phosphor layer thickness
when the relationship between phosphor layer thickness
and blue light intensity is linear, rather than exponential.
[0017] In some embodiments, the filter material alters
the CCT of the combined light by altering the wavelength
of the blue light or by altering the relative amounts of blue
and yellow light in the combined light. In such embodi-
ments, the filter material may be one or more dyes or
pigments disposed in a transparent material. In some
examples, the filter material includes one or more inor-
ganic pigments, which are generally stable at high heat
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and high flux from the light emitting device. Suitable pig-
ments may include Bayferrox® or chrome oxide pigments
available from Lanxess, or Heucodur® pigments availa-
ble from Heubach. The thickness of the filter material
layer and the concentration of dye or pigment in the layer
determines how much light is absorbed. In some embod-
iments, the filter layer is configured to limit absorption by
the filter. For example, the filter may be configured to
transmit at least 50% of light incident on the filter, more
preferably at least 70% of light incident on the filter. In
contrast, a typical filter designed to isolate red, green, or
blue light in an RGB display generally transmits only 30%
of light incident on the filter.
[0018] In one example, once the wavelength convert-
ing material is disposed over the device, the CCT of the
combination of wavelength-converted light and uncon-
verted light from the device is measured, then the re-
quired types and amounts of pigment are calculated. A
filter layer with the required amounts and types of pig-
ments is then formed, for example by ink jet printing. Such
a process can be performed on individual devices, but
throughput would be increased by performing the proc-
ess in batches. For example, the CCTs may be measured
and filter layers formed prior to singulating the individual
semiconductor devices in a wafer, or prior to singulating
a wafer of mounts on which individual semiconductor de-
vices are disposed.
[0019] In another example, the filter layer is initially
formed too thick to produce the desired CCT. The CCT
of the device is measured for the first time after forming
the filter layer, then filter material is removed in a con-
trolled fashion to produce the desired CCT. Alternatively,
a filter layer may be initially formed too thin to produce
the desired CCT, then the CCT measured, and additional
filter material added in a controlled fashion to produce
the desired CCT.
[0020] In either of the above examples, the CCT may
be measured multiple times and filter material added or
removed after each measurement until the desired CCT
is reached.
[0021] A computer controlled laser trimming process
may be used to ablate the filter material to produce the
desired CCT. Where the devices are tested in batches,
the computer controlled laser can ablate the filter layer
on each device by an amount specifically tailored for that
device depending on the individual CCT for that device.
[0022] Each device may be tested and the filter mate-
rial removed in an iterative process, or, once the system
is calibrated, i.e., the amount of filter material that must
be removed to produce a specific change in CCT is
known, each device can be measured once and the ap-
propriate amount of filter material removed. Depending
on the amount of material to be removed, it may be nec-
essary to ablate the filter material using multiple passes,
where each pass only removes a small amount of mate-
rial. The use of multiple passes reduces the risk of char-
ring the resin in the filter material if it is removed with a
laser.

[0023] Laser ablation may involve removing a series
of lines or spots of filter material, such that the thickness
of the filter material layer after ablation is thinner in some
regions and thicker in some regions, rather than uniformly
reduced over the entire extent of the filter material. In one
embodiment, there may be a reduction in thickness at
one location and an increase in thickness at another lo-
cation corresponding to a single device. The filter mate-
rial may be partially or completely removed in localized
areas such that the average thickness of the filter material
is reduced despite the thickness of the filter material in
some regions remaining unchanged. Patterns other than
lines and spots may be used to alter the thickness of the
wavelength converting member.
[0024] A spatial map of the CCT may be generated
when the CCT of each device is measured. The spatial
map of the CCT may be provided to the computer control
and high spots on the filter material may be ablated, so
not only is the desired CCT obtained, but also the CCT
is made more spatially uniform.
[0025] Processes other than laser ablation may be
used to remove the filter material. For example, the filter
material may be removed using techniques such as me-
chanical and/or chemical etching, ion beam, or electron
beam ablation.
[0026] The filters described above may be used with
any suitable configuration of light emitting device and with
any suitable configuration of wavelength converting lay-
ers. It is to be understood that the invention is not limited
to the materials, device orientations, or other details dis-
cussed in the examples below. For example, the embod-
iments of the invention may be applied to any suitable
light emitting device materials system, including for ex-
ample III-V materials, III-nitride materials, III-phosphide
materials, and II-VI materials. Embodiments of the inven-
tion may be applied to any device geometry, including
thin film devices from which the growth substrate has
been removed, devices with contacts on opposite sides
of the semiconductor layers and devices with contacts
on the same side of the semiconductor layers, such as
flip chips where light is extracted through a substrate,
and epitaxy-up structures where light is extracted through
the contacts. Embodiments of the invention may be ap-
plied to any type of wavelength converting layer, includ-
ing wavelength converting materials disposed in resins
as described in U.S. Patent 6,351,069; single crystal lu-
minescent substrates on which the light emitting device
layers are grown, as described in U.S. Patent 6,630,691;
thin film phosphor layers as described in U.S. Patent
6,696,703; and conformal layers deposited by electro-
phoretic deposition as described in U.S. Patent
6,576,488 or stenciling as described in U.S. Patent
6,650,044; and luminescent ceramic layers as described
in U.S. Published Patent Application 2005-0269582.
Each of U.S. Patents 6,630,691, 6,696,703, 6,576,488,
and 6,650,044, as well as U.S. Published Patent Appli-
cation 2005-0269582.
[0027] Further, the particular configurations of filter
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materials are not limited to the particular configurations
of wavelength converting materials or semiconductor
light emitting devices with which they are shown in the
embodiments described below. Any appropriate filter
configuration, wavelength converting layer configuration,
and device configuration may be combined according to
embodiments of the invention.
[0028] Figs. 3-6 illustrate examples of suitable config-
urations of semiconductor light emitting devices, wave-
length converting layers, and filter layers. Fig. 3 illustrates
a flip chip mounted III-nitride light emitting device from
which the substrate has been removed, including a con-
formal wavelength converting layer and a conformal filter
layer. A III-nitride semiconductor structure 10 includes a
light emitting region 12 disposed between an n-type re-
gion and a p-type region. Each of the n-type region, light
emitting region, and p-type region may include multiple
layers of different compositions and dopant concentra-
tion. For example, the n- and p-type regions may include
layers of opposite conductivity type or layers that are not
intentionally doped, preparation layers such as buffer lay-
ers or nucleation layers, release layers designed to fa-
cilitate later release of the growth substrate or thinning
of the semiconductor structure after substrate removal,
and device layers designed for particular optical or elec-
trical properties desirable for the light emitting region to
efficiently emit light. The light emitting region may be a
single thick or thin light emitting layer, or multiple thin
quantum well layers separated by barrier layers of differ-
ent composition.
[0029] After growth of semiconductor structure 10 on
a growth substrate, a portion of the last-grown conduc-
tivity type region, often the p-type region, and the light
emitting region are etched away to reveal the first-grown
conductivity type region, often the n-type region. Metal
contacts 13 and 14 are formed on the exposed portions
of the n- and p-type regions. The semiconductor structure
is electrically and physically connected to a mount 18 by
n- and p-interconnects 15 and 16. After mounting on
mount 18, the growth substrate (not shown in Fig. 3) may
be removed by a process appropriate to the growth sub-
strate material, such as laser melting or grinding for a
sapphire substrate, or etching or grinding for a SiC or
composite substrate. An underfill, which supports semi-
conductor structure 10 to prevent or reduce cracking dur-
ing growth substrate removal, may be disposed in any
open spaces between semiconductor structure 10 and
mount 18 before, during, or after semiconductor structure
10 is connected to mount 18. The top surface of semi-
conductor structure 10 in the orientation shown in Fig. 3,
which is exposed by growth substrate removal, may be
thinned for example by photoelectrochemical etching,
and may be roughened or textured with features such as
a photonic crystal in order to enhance light extraction
from semiconductor structure 10.
[0030] A conformal wavelength converting layer 20 is
formed over the top and sides of semiconductor structure
10. Wavelength converting layer 20 may be, for example,

a phosphor layer formed by electrophoretic deposition or
stenciling. A conformal filter layer 22, which may include
one or more of the filter materials described above, is
formed over wavelength converting layer 20. Filter layer
22 may be formed by, for example, ink jet printing or
stenciling a filter material disposed in a transparent car-
rier such as epoxy or silicone.
[0031] Fig. 4 illustrates a flip chip mounted III-nitride
light emitting device from which the growth substrate has
been removed, including a ceramic wavelength convert-
ing layer and a filter layer. Semiconductor structure 10
is a thin film device flip chip mounted on mount 18 as
described above in reference to Fig. 3. Wavelength con-
verting layer 24 is a ceramic phosphor, disposed over
the exposed top surface of semiconductor structure 10.
Ceramic phosphor layer 24 may be attached to semicon-
ductor structure 10 by, for example, an organic adhesive
such as epoxy or silicone, one or more high index inor-
ganic adhesives, or a sol-gel glass. Filter layer 26, which
may include one or more of the filter materials described
above, is formed over wavelength converting layer 24.
Filter layer 26 may be formed by, for example, ink jet
printing or may be a separately-fabricated member such
as a filter material disposed in glass, silicone, or other
transparent solid, which is attached to ceramic phosphor
layer 24 by, for example, an organic adhesive such as
epoxy or silicone, one or more high index inorganic ad-
hesives, or a sol-gel glass.
[0032] Fig. 5 illustrates a filter formed on a lens dis-
posed over a wavelength-converted light emitting semi-
conductor structure. Any suitable semiconductor struc-
ture 10 and wavelength converting layer 27 are packaged
in a package including a lens 30. A transparent material
28 such as silicone may be disposed in the space be-
tween lens 30 and semiconductor structure 10 and wave-
length converting layer 27. Filter layer 32, which may
include one or more of the filter materials described
above, may be coated as shown in Fig. 5 on the exterior
surface of lens 30, which may be glass, plastic, or any
other suitable transparent material. Alternatively, filter
layer 32 may be formed on the interior surface of lens
30, or particles of filter material may be mixed in the ma-
terial used to form lens 30.
[0033] Fig. 6 illustrates a filter mixed in a transparent
material coating a wavelength-converted light emitting
semiconductor structure. Any suitable semiconductor
structure 10 and wavelength converting layer 27 are
placed in a package structure 36 such as a reflector cup
or lead frame. Filter layer 34 includes one or more of the
filter materials described above mixed with a transparent
material and coated over semiconductor structure 10 and
wavelength converting layer 27.
[0034] The filter layers illustrated in the examples
shown in Figs. 3-6 may be adjusted by adding additional
material or removing material by ablation, as described
above. In some embodiments, different wavelength con-
verting materials formed in different configurations, and
different filter materials formed in different configurations,
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may be combined in a single device.
[0035] Having described the invention in detail, those
skilled in the art will appreciate that, given the present
disclosure, modifications may be made to the embodi-
ments without departing from the scope of the invention
as defined by the claims.

Claims

1. A device comprising:

a semiconductor structure (10) including a light
emitting region (12) disposed between an n-type
region and a p-type region, the light emitting re-
gion being configured to emit first light;
a wavelength converting material (20, 24, 27)
disposed in a path of the first light, the wave-
length converting material being configured to
absorb a portion of the first light and emit second
light; and
a filter (22, 26, 32, 34) disposed in a path of the
first light, the filter comprising a material which
is transparent below a predetermined input flu-
ence threshold level and which is opaque for
any first light beyond the predetermined input
fluence threshold level.

2. The device of claim 1 wherein the semiconductor
structure (10) comprises a plurality of III-nitride lay-
ers.

3. The device of claim 1 wherein the first light comprises
blue light and the second light comprises yellow light.

4. The device of claim 1 wherein the wavelength con-
verting material (20, 24, 27) comprises a phosphor.

5. The device of claim 1 further comprising a lens (30)
disposed over the semiconductor structure (10),
wherein the filter (32) is coated on a surface of the
lens.

6. The device of claim 1 wherein the filter material com-
prises any one of hydrothermal zinc-oxide crystals
and dendron decorated porphyrins.

7. A device comprising:

a semiconductor structure (10) including a light
emitting region (12) disposed between an n-type
region and a p-type region, the light emitting re-
gion being configured to emit first light;
a wavelength converting material (20, 24, 27)
disposed in a path of the first light, the wave-
length converting material being configured to
absorb a portion of the first light and emit second
light; and

a filter (22, 26, 32, 34) disposed in a path of the
first light and the second light, wherein the filter
comprises a material which is transparent below
a predetermined input fluence threshold level
and which is opaque for any second light beyond
the predetermined input fluence threshold level,
wherein the filter is configured to transmit at least
50% of light incident on the filter,
wherein the wavelength converting material is
disposed between the semiconductor structure
and the filter.

8. The device of claim 7 wherein the filter is a first filter,
the device further comprising a second filter dis-
posed in a path of the first light and the second light,
wherein the second filter is configured to absorb or
reflect a portion of the first light.

9. The device of claim 7 wherein the first light comprises
blue light and the second light comprises yellow light.

10. The device of claim 7 wherein after passing through
the filter, composite light comprising first light and
second light appears white.

11. The device of claim 1 wherein the filter material com-
prises any one of hydrothermal zinc-oxide crystals
and dendron decorated porphyrins.

Patentansprüche

1. Vorrichtung, Folgendes umfassend:

eine Halbleiterstruktur (10), die einen ersten
lichtemittierenden Bereich (12) beinhaltet, der
zwischen einem n-leitenden Bereich und einem
p-leitenden Bereich angeordnet ist, wobei der
lichtemittierende Bereich dafür konfiguriert ist,
erstes Licht zu emittieren,
ein Wellenlängen-Umwandlungsmaterial (20,
24, 27), das in einem Weg des ersten Lichts an-
geordnet ist, wobei das Wellenlängen-Um-
wandlungsmaterial dafür konfiguriert ist, einen
Teil des ersten Lichts zu absorbieren und zwei-
tes Licht zu emittieren, und
ein Filter (22, 26, 32, 34), das in einem Weg des
ersten Lichts angeordnet ist, wobei das Filter ein
Material umfasst, das unterhalb eines festgeleg-
ten Eingangsfluenz-Grenzniveaus transparent
und oberhalb eines festgelegten Eingangsflu-
enz-Grenzniveaus für ein erstes Licht undurch-
lässig ist.

2. Vorrichtung nach Anspruch 1, wobei die Halbleiter-
struktur (10) mehrere III-Nitridschichten umfasst.

3. Vorrichtung nach Anspruch 1, wobei das erste Licht
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blaues Licht und das zweite Licht gelbes Licht um-
fasst.

4. Vorrichtung nach Anspruch 1, wobei das Wellenlän-
gen-Umwandlungsmaterial (20, 24, 27) einen Phos-
phor umfasst.

5. Vorrichtung nach Anspruch 1, ferner eine Linse (30)
umfassend, die über der Halbleiterstruktur (10) an-
geordnet ist, wobei das Filter (32) auf einer Oberflä-
che der Linse aufgetragen ist.

6. Vorrichtung nach Anspruch 1, wobei das Filterma-
terial eines aus hydrothermalen Zinkoxid-Kristallen
und mit Dendron bestückten (decorated) Porphyri-
nen umfasst.

7. Vorrichtung, Folgendes umfassend:

eine Halbleiterstruktur (10), die einen ersten
lichtemittierenden Bereich (12) beinhaltet, der
zwischen einem n-leitenden Bereich und einem
p-leitenden Bereich angeordnet ist, wobei der
lichtemittierende Bereich dafür konfiguriert ist,
erstes Licht zu emittieren,
ein Wellenlängen-Umwandlungsmaterial (20,
24, 27), das in einem Weg des ersten Lichts an-
geordnet ist, wobei das Wellenlängen-Um-
wandlungsmaterial dafür konfiguriert ist, einen
Teil des ersten Lichts zu absorbieren und zwei-
tes Licht zu emittieren, und
ein Filter (22, 26, 32, 34), das in einem Weg des
ersten Lichts angeordnet ist, wobei das Filter ein
Material umfasst, das unterhalb eines festgeleg-
ten Eingangsfluenz-Grenzniveaus transparent
und oberhalb eines festgelegten Eingangsflu-
enz-Grenzniveaus für ein erstes Licht undurch-
lässig ist, wobei das Filter dafür konfiguriert ist,
mindestens 50 % des in das Filter einfallenden
Lichts durchzuleiten,
wobei das Wellenlängen-Umwandlungsmateri-
al zwischen der Halbleiterstruktur und dem Filter
angeordnet ist.

8. Vorrichtung nach Anspruch 7, wobei das Filter ein
erstes Filter ist, die Vorrichtung ferner ein zweites
Filter umfasst, das in einem Weg des ersten Lichts
und des zweiten Lichts angeordnet ist, wobei das
zweite Filter dafür konfiguriert ist, einen Teil des ers-
ten Lichts zu absorbieren oder zu reflektieren.

9. Vorrichtung nach Anspruch 7, wobei das erste Licht
blaues Licht und das zweite Licht gelbes Licht um-
fasst.

10. Vorrichtung nach Anspruch 7, wobei gemischtes
Licht, das erstes Licht und zweites Licht umfasst,
nach dem Durchtreten durch das Filter weiß er-

scheint.

11. Vorrichtung nach Anspruch 1, wobei das Filterma-
terial eines aus hydrothermalen Zinkoxid-Kristallen
und mit Dendron bestückten (decorated) Porphyri-
nen umfasst.

Revendications

1. Dispositif comprenant :

une structure semi-conductrice (10) compre-
nant une région d’émission de lumière (12) dis-
posée entre une région de type n et une région
de type p, la région d’émission de lumière étant
configurée pour émettre une première lumière ;
un matériau de conversion de longueur d’onde
(20, 24, 27) disposé dans un trajet de la première
lumière, le matériau de conversion de longueur
d’onde étant configuré pour absorber une partie
de la première lumière et émettre une deuxième
lumière ; et
un filtre (22, 26, 32, 34) disposé dans un trajet
de la première lumière, le filtre comprenant un
matériau qui est transparent au-dessous d’un
niveau de seuil de fluence d’entrée prédétermi-
né et qui est opaque pour n’importe quelle pre-
mière lumière au-delà du niveau de seuil de
fluence d’entrée prédéterminé.

2. Dispositif selon la revendication 1, dans lequel la
structure semi-conductrice (10) comprend une plu-
ralité de couches de nitrure du groupe III.

3. Dispositif selon la revendication 1, dans lequel la pre-
mière lumière comprend la lumière bleue et la
deuxième lumière comprend la lumière jaune.

4. Dispositif selon la revendication 1, dans lequel le ma-
tériau de conversion de longueur d’onde (20, 24, 27)
comprend un phosphore.

5. Dispositif selon la revendication 1 comprenant en
outre une lentille (30) disposée sur la structure semi-
conductrice (10), dans lequel le filtre (32) est déposé
sur une surface de la lentille.

6. Dispositif selon la revendication 1, dans lequel le ma-
tériau de filtre comprend l’un quelconque de cristaux
d’oxyde de zinc hydrothermaux et de porphyrines
décorées de dendrite.

7. Dispositif comprenant :

une structure semi-conductrice (10) compre-
nant une région d’émission de lumière (12) dis-
posée entre une région de type n et une région
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de type p, la région d’émission de lumière étant
configurée pour émettre une première lumière ;
un matériau de conversion de longueur d’onde
(20, 24, 27) disposé dans un trajet de la première
lumière, le matériau de conversion de longueur
d’onde étant configuré pour absorber une partie
de la première lumière et émettre une deuxième
lumière ; et
un filtre (22, 26, 32, 34) disposé dans un trajet
de la première lumière et de la deuxième lumiè-
re, dans lequel le filtre comprend un matériau
qui est transparent au-dessous d’un niveau de
seuil de fluence d’entrée prédéterminé et qui est
opaque pour n’importe quelle deuxième lumière
au-delà du niveau de seuil de fluence d’entrée
prédéterminé, dans lequel le filtre est configuré
pour transmettre au moins 50 % de la lumière
frappant le filtre,
dans lequel le matériau de conversion de lon-
gueur d’onde est disposé entre la structure
semi-conductrice et le filtre.

8. Dispositif selon la revendication 7, dans lequel le fil-
tre est un premier filtre, le dispositif comprenant en
outre un deuxième filtre disposé dans un trajet de la
première lumière et de la deuxième lumière, dans
lequel le deuxième filtre est configuré pour absorber
ou réfléchir une partie de la première lumière.

9. Dispositif selon la revendication 7, dans lequel la pre-
mière lumière comprend la lumière bleue et la
deuxième lumière comprend la lumière jaune.

10. Dispositif selon la revendication 7, dans lequel,
après être passée à travers le filtre, la lumière com-
posite comprenant la première lumière et la deuxiè-
me lumière paraît blanche.

11. Dispositif selon la revendication 1, dans lequel le ma-
tériau de filtre comprend l’un quelconque de cristaux
d’oxyde de zinc hydrothermaux et de porphyrines
décorées de dendrite.
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