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(54) WAVELENGTH CONVERSION DEVICE AND RELATED LIGHT-EMITTING DEVICE THEREOF

(57) Provided is a wavelength conversion device
(100), comprising a substrate (130), a reflecting layer
(120), and a light-emitting layer (110) superimposed suc-
cessively. The light-emitting layer (110) contains a wave-
length conversion material and a second binder, and the
reflecting layer (120) contains reflecting particles, auxil-
iary particles, and a first binder. The reflecting particles
are used for reflecting light, and the auxiliary particles
are used for filling voids between the reflecting particles.
The first binder is used for binding the reflecting particles

and auxiliary particles into a layer. The reflecting layer
(120) not only ensures a higher reflectivity, but also
achieves a lower thickness, such that the heat produced
by the light-emitting layer (110) can be better transmitted
to the substrate through the reflecting layer (120), which
avoids a decrease in the light conversion efficiency
caused by an excessively high temperature of the
light-emitting layer (110). Also disclosed is a light-emit-
ting device comprising such a wavelength conversion de-
vice (100).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to display and illumination
technologies, and in particular, it relates to a wavelength
conversion device and related light emitting device.

Description of Related Art

[0002] With the development of display and illumina-
tion technologies, conventional LED and halogen light
sources are increasingly unsatisfactory for the high pow-
er and high brightness requirements of display and illu-
mination applications. A technology using a solid state
light source such as laser diode (LD) to generate an ex-
citation light to excite wavelength conversion materials
can generate visible light of various colors, and this tech-
nology has been increasingly used in illumination and
display fields. This technology has the advantages of
high efficiency, low energy consumption, low cost, and
long life, and is currently being used in white and mono-
chromatic light sources.
[0003] In current technologies, in light sources where
laser excitation lights are used to excite wavelength con-
version materials, in order to improve light utilization ef-
ficiency, reflective type devices are commonly used,
where the light passes through a sheet of wavelength
conversion material (i.e. the light emitting layer) to be
incident on a reflective plate (i.e. reflective layer and sub-
strate), and is reflected back to the wavelength conver-
sion material sheet. This ensures that the light is output
in the same direction, and prevents light loss due to scat-
tering of the wavelength conversion material sheet. In
current technologies, the reflective plate typically em-
ploys a metal plate as the substrate, such as aluminum,
aluminum alloy, copper, etc., where the metal substrate
is stacked with a high reflective film. The high reflective
film typically employs high purity aluminum or high purity
silver as a coating layer. The wavelength conversion ma-
terial is sealed using a silica gel or a resin or other trans-
parent organic material as a sealing medium; the wave-
length conversion material is mixed with the silica gel or
resin and then coated on the metal substrate to form the
light emitting layer. However, because silica gel and resin
have relatively poor isolation ability for air, the air can
penetrate the wavelength conversion material layer to
come into contact with the reflective layer on the sub-
strate, so that the reflective layer is exposed to the air.
When the reflective layer is made of silver, the silver at-
oms tend to react with the hydrogen sulfide and oxygen
in the air in a vulcanization or oxidation reaction. As a
result, the reflectivity and thermal stability of the reflective
layer can decrease significantly, and the silver layer can
even become dark, so the effectiveness of the reflective
layer is significantly reduced. For aluminum reflective lay-

ers, while the stability of aluminum is higher than that of
silver, its reflectivity is not as high, so it absorbs more
light and generates more heat as compared to silver lay-
ers.
[0004] Because of the above shortcomings of metal
reflective layers discussed above, the inventor searched
for reflective layers that have high thermal stability and
high reflectivity, and discovered that white inorganic ma-
terials such as aluminum oxide and other metal oxides
have relatively high reflectivity, and have high tempera-
ture resistance and can satisfy the thermal stability re-
quirement of high power laser illumination. However, to
achieve sufficiently high reflectivity (e.g., above 90% re-
flectivity for visible light), the reflective layer needs to
have a sufficient thickness; on the other hand, increased
thickness of the reflective layer results in a reduction of
the thermal conductivity of the reflective layer, and there-
fore, the light emission efficiency of the light emitting layer
of the wavelength conversion device will decrease due
to heat accumulation. Therefore, there is a need for a
reflective layer having high reflectivity and small thick-
ness.

SUMMARY

[0005] Accordingly, the present invention is directed to
a wavelength conversion device, which employs a high
reflective and thin reflective layer.
[0006] The present invention provides a wavelength
conversion device, which includes a substrate, a reflec-
tive layer, and a light emitting layer stacked successively,
wherein the reflective layer contains reflective particles,
auxiliary particles, and a first binder, the reflective parti-
cles reflecting light, the auxiliary particles filling voids be-
tween the reflective particles, and the first binder binding
the reflective particles and the auxiliary particles to form
the layer, and wherein the light emitting layer contains a
wavelength conversion material and a second binder.
[0007] Preferably, the reflective particles are aluminum
oxide particles and the auxiliary particles are titanium ox-
ide particles.
[0008] Preferably, a mass fraction of the auxiliary par-
ticles in the reflective layer is 40-75%, and a mass fraction
of the reflective particles in the reflective layer is 0.5-30%.
[0009] Preferably, a particle diameter of the titanium
oxide particles is 0.02-1 mm, and a particle diameter of
the aluminum oxide particles is 0.01- 1 mm, and prefer-
ably, the particle diameter of the titanium oxide particles
is 0.2-0.5 mm, and the particle diameter of the aluminum
oxide particles is 0.02-0.7 mm.
[0010] Preferably, a thickness of the reflective layer is
less than 70 mm, and a reflectivity of the reflective layer
for visible light is higher than 95%, and preferably, the
thickness of the reflective layer is less than 30 mm, and
the reflectivity of the reflective layer for visible light is
higher than 95%.
[0011] Preferably, a porosity of the reflective layer is
less than 35%.
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[0012] Preferably, the first binder is a first glass pow-
der, and wherein a mass fraction of the first glass powder
in the reflective layer is 20-50%.
[0013] Preferably, the first glass powder is
SiO2-B2O3-RO, wherein R is one or more selected from
Mg, Ca, Sr, Ba, Na, and K.
[0014] Preferably, the reflective layer is formed by sin-
tering a mixture of the reflective particles, the auxiliary
particles, the first glass powder, and an organic carrier,
wherein the organic carrier is a mixture of ethyl cellulose,
terpineol and butyl carbitol or is a silicone oil, and wherein
a residue of the organic carrier in the reflective layer has
a mass fraction of 0.001-0.1%.
[0015] Preferably, the second binder is a second glass
powder, which is one or more selected from
SiO2-B2O3-RO, SiO2-TiO2-Nb2O5-R’2O, and ZnO-P2O5,
wherein R is one or more selected from Mg, Ca, Sr, Ba,
Na, and K, and wherein R’ is one or more selected from
Li, Na and K.
[0016] Preferably, the first binder is a silica gel or a
resin, wherein the auxiliary particles are titanium oxide
particles pre-treated with a coupling agent, and wherein
the coupling agent is a silane coupling agent or ethyl
orthosilicate.
[0017] Preferably, the second binder is a silica gel or
a resin.
[0018] Preferably, a volume fraction of the wavelength
conversion material in the light emitting layer is 30-75%,
and a volume fraction of the second binder in the light
emitting layer is 25-70%, and preferably, the volume frac-
tion of the wavelength conversion material in the light
emitting layer is 35-55%, and the volume fraction of the
second binder in the light emitting layer is 45-65%.
[0019] Preferably, a thickness of the light emitting layer
is 50-300 mm.
[0020] Preferably, the substrate is an aluminum nitride
substrate, or the substrate is a metal substrate.
[0021] Preferably, the wavelength conversion device
further includes an antireflection film located on a side of
the light emitting layer facing away from the reflective
layer.
[0022] Preferably, the wavelength conversion device
further includes a glass layer formed from a third glass
powder, located between the light emitting layer and the
antireflection film.
[0023] Preferably, a thickness of the glass layer is
20-50 mm.
[0024] In another aspect, the present invention pro-
vides a light emitting device, which includes an excitation
light source, and preferably includes any of the above
wavelength conversion devices.
[0025] Compared to conventional technology, embod-
iments of the present invention have the following advan-
tages:

In embodiments of the present invention, by employ-
ing a structure including reflective particles, auxiliary
particles and first binder to form the reflective layer

of the wavelength conversion device, the reflective
particles are used to achieve reflection, and the aux-
iliary particles are used to fill the voids between the
reflective particles. This fills the voids between the
reflective particles, reduces the penetration depth of
the light into the reflective layer; it ensures a high
reflectivity of the reflective layer and reduces the
thickness of the reflective layer. As a result, the
wavelength conversion device has high light utiliza-
tion efficiency and good heat dissipation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figure 1 illustrates the structure of a wavelength con-
version device according to a first embodiment of
the present invention.
Figure 2 illustrates the structure of a wavelength con-
version device according to a second embodiment
of the present invention.
Figure 3 illustrates the structure of a wavelength con-
version device according to a third embodiment of
the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0027] Embodiments of the present invention are de-
scribed below with reference to the drawings. For clarity,
the terms "up" and "down" in the descriptions below refer
to the up and down direction of the drawings.

First embodiment

[0028] Refer to Fig. 1, which illustrates the structure of
a wavelength conversion device according to a first em-
bodiment of the present invention. As shown in the figure,
the wavelength conversion device 100 includes a sub-
strate 130, a light emitting layer 110, and a reflective layer
120. The reflective layer 120 includes reflective particles,
auxiliary particles, and a first binder. The light emitting
layer 110 includes a wavelength conversion material and
a second binder.
[0029] As discussed in the background section, the
light emitted by the light emitting layers is incident on the
reflective layer, and reflected by it back to the light emit-
ting layer. The heat generated by the light emitting layer
is transmitted by the reflective layer to the substrate, and
then dissipated.
[0030] In the wavelength conversion device 100, the
reflective layer 120 has two functions, namely, light re-
flection and heat conduction. The reflective layer 120
should has a relatively high reflectivity, to ensure high
light utilization efficiency; the reflective layer 120 should
also have superior thermal conductivity. The thinner the
reflective layer, the better its thermal conduction effect.
[0031] As mentioned above, the reflective layer 120

3 4 



EP 3 150 909 A1

4

5

10

15

20

25

30

35

40

45

50

55

includes reflective particles, auxiliary particles, and a first
binder. The reflective particles are particles that have
high reflectivity, in particular, particles that have reflec-
tivity above 90% for visible light in the 400-800 nm wave-
length range, and that have particle diameters within 2
mm. Reflective particles having such properties may in-
clude aluminum oxide, barium sulfate, zinc oxide, boron
nitride, etc.
[0032] Auxiliary particles are particles that have good
covering property, high dispersibility, do not tend to ag-
glomerate, so that they can sufficiently mix with and dis-
perse the reflective particles. These properties ensure
that the reflective particles can sufficiently and uniformly
spread out, so that they can achieve superior reflectivity
without being overly thick. A reflective layer that only con-
sists of the auxiliary particles will have low reflectivity and
cannot meet the functional requirement of a reflective
layer, but as long as reflective particles are added in the
amount of 20% of the weight of the auxiliary particles,
the reflectivity of the layer can be increased to above
95% from 80-85% when the auxiliary articles alone are
used (for layers of the same thickness). The particle di-
ameters of the auxiliary particles are typically within 1
mm. Auxiliary particle having such properties may be, for
example, titanium oxide.
[0033] In this embodiment, the reflective particles are
aluminum oxide (Al2O3), and the auxiliary particles are
titanium oxide (TiO2). Aluminum oxide has superior re-
flectivity for visible light, where a pure aluminum oxide
layer has a reflectivity as high as 90% for visible light.
However, because there are large voids between alumi-
num oxide particles, the light can penetrate through be-
tween aluminum oxide particles. Thus, a layer of rela-
tively thick aluminum oxide stack is required to achieve
the above mentioned reflectivity. The thicker the alumi-
num oxide layer, the poorer the thermal conductivity of
the layer. Titanium oxide itself has certain reflectivity, in
particular, it has good reflectivity for light having a wave-
length above 550 nm. However, titanium oxide has rel-
atively poor reflectivity for light having a wavelength be-
low 480 nm, and cannot meet the requirements of a re-
flective layer. By combining aluminum oxide and titanium
oxide, it was discovered that the mixture layer is very
easy to form a film; the titanium oxide fills the voids be-
tween the aluminum oxide particles, and at the same time
ensures that the light traveling between aluminum oxide
particles is reflected back due to the reflective property
of the titanium oxide particles. As a result, the mixture
layer can achieve relatively high reflectivity even with a
relatively thin thickness. Further, compared to aluminum
oxide, titanium oxide has a higher wettability for the sof-
tened binder (such as glass powder), and does not tend
to form closed air bubbles inside.
[0034] In a preferred embodiment, the porosity of the
reflective layer is less than 35%. When the porosity of
the reflective layer is relatively high, the reflective layer
has a loose structure, with a relatively large thickness;
further, the thermal conductivity of pores is very poor,

causing the entire reflective layer to have poor thermal
conductivity.
[0035] In the reflective layer 120, when the amount of
aluminum oxide is too much or the amount of titanium
oxide is too little, the reflective layer 120 is not sufficiently
compact, and will require a relatively large thickness to
achieve sufficient reflectivity. When the amount of alumi-
num oxide is too little or the amount of titanium oxide is
too much, the reflectivity of light at the particle surface of
the reflective layer 120 is not sufficiently high, and also
cannot achieve required reflectivity. It was shown by ex-
periments that when the mass fraction of aluminum oxide
in the reflective layer 120 is 0.5-30%, and the mass frac-
tion of titanium oxide in the reflective layer 120 is 40-75%,
the reflective layer has both superior reflectivity and rel-
atively thin thickness.
[0036] In the reflective layer 120, the larger the particle
diameters of the reflective particles, the poorer its reflec-
tivity; but the smaller the particle diameters of the reflec-
tive particles, the harder it is to disperse them and the
more likely they are to agglomerate. Meanwhile, the suit-
able size of the auxiliary particles should be determined
by the particle diameter of the reflective particles in order
to achieve the function of filling the voids and reducing
the required thickness. I.e., the particle diameter differ-
ence between the auxiliary particles and reflective parti-
cles should be relatively small. In one preferred embod-
iment, the particle diameter of the aluminum oxide parti-
cles is 0.01-1 mm, and more preferably, 0.02-0.7 mm; the
particle diameter of the titanium oxide particles is 0.02-1
mm, and more preferably, 0.2-0.5 mm.
[0037] In this embodiment, the thicker the reflective
layer 120, the higher the thermal resistance of the reflec-
tive layer. Those of ordinary skill in the relevant art can
determine the thickness of the reflective layer 120 based
on the teaching of this disclosure. In one preferred em-
bodiment, the thickness of the reflective layer 120 is
greater than 70 mm, and its reflectivity for visible light is
higher than 95%. More preferably, the thickness of the
reflective layer 120 is 30-70 mm, and its reflectivity for
visible light is still higher than 95%. When the thickness
of the reflective layer is greater than 70 mm, the effect of
thickness on reflectivity is insignificant. When the thick-
ness of the reflective layer is less than 20 mm, the reflec-
tivity drops significantly. Embodiments of the present in-
vention can achieve a reflective layer which ensures its
reflectivity function and reduces its thickness. As a result,
the thermal resistance of the reflective layer 120 is low,
the material cost is reduced, and the weight of the wave-
length conversion device is also reduced.
[0038] The reflective layer 120 of the present embod-
iment includes, in addition to the reflective particles and
auxiliary particles, a first binder. The first binder binds
the reflective particles and the auxiliary particles to form
a layer. Because the reflective particles and auxiliary par-
ticles by themselves do not bind to each other, even if
they can be staked or piled into a layer, the layer structure
can be easily destroyed by external forces or during
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movement. Therefore, the first binder is used to ensure
that the reflective particles and the auxiliary particles form
a stable structure.
[0039] In this embodiment, the first binder in the reflec-
tive layer 120 is a resin or silica gel. The resin or silica
gel becomes a flowable semi-solid when heated, and can
permeate the voids between the reflective particles and
the auxiliary particles, and coat the exterior of the reflec-
tive particles and the auxiliary particles to form a layer.
In a preferred embodiment, the surface of the titanium
oxide is pre-treated with ethyl orthosilicate, to improve
its compatibility with the silica gel or the resin, thereby
enhancing the coating of the particles by the silica gel or
the resin. A silane coupling agent can be used to achieve
the same effect. A silane coupling agent has an organic
group at one end and an inorganic group at the other
end, and can effectively couple the titanium oxide and
the silica gel.
[0040] In this embodiment, the light emitting layer 110
includes a wavelength conversion material and a second
binder. The second binder is a resin or silica gel. Because
the light emitting layer 110 and the reflective layer 120
use the same type of materials as the binders, it facilitates
the integration of the two. The first binder and the second
binder may be the same resin or silica gel, or different
resins or silica gels.
[0041] In this embodiment, the substrate 130 is a metal
substrate, such as copper, aluminum or aluminum alloy
substrate. It can withstand certain temperatures, and has
superior thermal conductivity and machinability, and can
achieve high performance under low power laser light
source (<50W) conditions. The substrate 130 may also
be high thermal conductivity ceramics; compared to met-
al substrates, ceramic substrates have better heat resist-
ance, and are suitable under conditions of medium to
high power laser sources.
[0042] An alternative embodiment of the first embodi-
ment is shown in Fig. 1, where the wavelength conversion
device 100 has the same structure as that in the first
embodiment, the difference from the first embodiment
being that the materials used in the light emitting layer
110, the reflective layer 120 and the substrate 130 of the
wavelength conversion device 100 are different from the
first embodiment.
[0043] In this embodiment, the first binder in the reflec-
tive layer 120 is a first glass powder. Compared to resin
and silica gel, glass powders have better temperature
resistance, and can satisfy the requirements of high tem-
perature treatment processing of the wavelength conver-
sion device. In this embodiment, the first glass powder
is preferably SiO2-B2O3-RO (R being one or more se-
lected from Mg, Ca, Sr, Ba, Na, and K). This type of glass
powders have superior optical properties, and can re-
duce the loss when the light travels in the reflective layer,
and therefore reducing the heat generated in the reflec-
tive layer. Further, this type of glass powders has low
fluidity in the range within 200°C above the softening
point, which ensures that the reflective layer 120 can

maintain its smooth morphology during high temperature
treatment processing and will not deform, warp, bulge,
etc.
[0044] In this embodiment, the first glass powder is
about 20-50% of the total weight of the reflective layer
120. When the glass powder is less than 20%, it will not
sufficiently coat all of the reflective particles and auxiliary
particles, so it cannot suitably bind and form the reflective
layer. When the glass power is more than 50%, the re-
flective particles and the auxiliary particles will be too
sparse, which is disadvantageous for reflecting the inci-
dent light by the reflective layer.
[0045] In this embodiment, the reflective layer 120 is
formed by sintering a mixture of the reflective particles,
the auxiliary particles, the first glass powder, and an or-
ganic carrier. The organic carrier is used to prepare a
slurry for the reflective layer, enabling the reflective par-
ticles, the auxiliary particles and the first glass powder to
fully mix and disperse in a liquid phase, and also giving
the slurry certain fluidity so as to enable the coating and
forming of the reflective layer on the substrate. The or-
ganic carrier should have sufficient wettability for the re-
flective particles, the auxiliary particles and the first glass
powder. Further, the organic carrier should be completely
decomposed and discharged during the high tempera-
ture treatment process. In this embodiment, the organic
carrier is a mixture of ethyl cellulose, terpineol and butyl
carbitol. The organic carrier may alternatively be a sili-
cone oil. Through extensive experimentation, it was de-
termined that the mixture of ethyl cellulose, terpineol and
butyl carbitol or the silicone oil has good wettability and
dispersibility, and can be almost completely decomposed
and discharged in the temperature range of 360-420°C.
It is possible that a portion of the organic carrier is sur-
rounded by the reflective particles, the auxiliary particles
and the first glass powder and cannot be discharged, and
it can have a side reaction with the reflective particles,
the auxiliary particles or the first glass powder in the sub-
sequent high temperature treatment process. As a result,
the formed reflective layer may contain a residue of the
organic carrier, and its mass fraction may be 0.001-0.1%.
[0046] In this embodiment, the second binder in the
light emitting layer 110 is a second glass powder. The
second glass powder is a glass powder that has high
transparency, low light absorption, and high thermal con-
ductivity. The high transparency facilitates the light input
and output. The low light absorption reduces light loss
when the light is reflected back and forth multiple times
within the light emitting layer. The high thermal conduc-
tivity facilitates heat conduction and lowers the working
temperature of the light emitting layer. The second glass
powder may be one or more selected from
SiO2-B2O3-RO, SiO2-TiO2-Nb2O5-R’2O, and ZnO-P2O5,
where R is one or more selected from Mg, Ca, Sr, Ba,
Na, and K, and R’ is one or more selected from Li, Na
and K.
[0047] In this embodiment, the first binder in the reflec-
tive layer 120 and the second binder in the light emitting
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layer 110 are both glass powders, which helps the inte-
gration of the two layers, and also ensures that the overall
wavelength conversion device 100 is high temperature
resistant.
[0048] In this embodiment, in the light emitting layer
110, if the volume fraction of the wavelength conversion
material is too large and the volume fraction of the second
glass powder is too small, it will be difficult for the light
emitting layer to be bound into a layer. On the other hand,
if the volume fraction of the wavelength conversion ma-
terial is too small, its light emitting efficiency will be low.
In this embodiment, to take into consideration both the
light emitting efficiency and the layer formation of the light
emitting layer, the volume fraction of the wavelength con-
version material in the light emitting layer is 30-75%, and
the volume fraction of the second binder in the light emit-
ting layer is 25-70%. In a preferred embodiment, the vol-
ume fraction of the wavelength conversion material in
the light emitting layer is 35-55%, and the volume fraction
of the second binder in the light emitting layer is 45-65%.
[0049] In this embodiment, to ensure light emitting ef-
ficiency of the light emitting layer 110, the layer should
have a sufficient thickness, so that the light travels inside
the light emitting layer for a distance that allows wave-
length conversion to occur sufficiently. However, the light
emitting layer 110 should not be too thick, to prevent poor
thermal conductivity and poor heat dissipation. In this
embodiment, the thickness of the light emitting layer 110
is 50-300 mm.
[0050] In this embodiment, the substrate 130 is an alu-
minum nitride ceramic substrate, which has good thermal
conductivity and mechanical strength, so that it will not
degrade under high temperature and its deformation is
minimal. Further, the differences in thermal expansion
coefficients between aluminum nitride and titanium oxide
and aluminum oxide are small. Moreover, the aluminum
nitride substrate is resistant to high temperature. All of
the above make it suitable for applications using medium
and high power laser sources (>100W). In this embodi-
ment, the substrate 130 is prepared using a tape casting
method. Its relative density is greater than 95%, and its
thermal conductivity is greater than 150W/mK. Further,
the substrate 130 may alternatively be made of aluminum
oxide, silicon carbide, silicon nitride, boron nitride, or be-
ryllium oxide ceramics; such substrates have similar
properties as the aluminum nitride substrate.

Second embodiment

[0051] Refer to Fig. 2, which illustrates the structure of
a wavelength conversion device according to a second
embodiment of the present invention. In the wavelength
conversion device 200 of this embodiment, the light emit-
ting layer 210, the reflective layer 220 and the substrate
230 are the same as those of the first embodiment and
will not be described in further detail. A difference from
the first embodiment is that, as shown in Fig. 2, the wave-
length conversion device 200 further includes a glass

layer 260 and an antireflection film 250.
[0052] The glass layer 260 is located on the light emit-
ting layer 210, and is formed from a third glass powder.
Because the surface of the light emitting layer 210 may
have a small amount of wavelength conversion material
particles that protrude from the surface, coating directly
on such a surface may cause the coated film to be non-
smooth. But if the light emitting layer is polished before
coating, the light emitting layer may be damaged by the
polishing step. Pure glass is very easy to polish and can
give flat and smooth surfaces, which facilitates the coat-
ing process. If the glass layer 260 is too thin, its thickness
uniformity will be difficult to control; but if the glass layer
260 is too thick, it may adversely impact the transmission
of light. Through experimentation, it was determined that
a thickness of the glass layer 260 of 20-50 mm can both
ensure uniformity and avoid adverse impact on the light
transmission (the reduction of light transmission is less
than 1%).
[0053] The antireflection film 250 is located on the
glass layer 260, for reducing the light reflection at the
interface and enhancing the light transmission, which in-
creases light utilization efficiency. The antireflection film
may be SiO2 or MgF2, and its thickness is 50-150 nm.
[0054] In this embodiment, adding the glass layer 260
is a preferred implementation; alternatively, the antire-
flection film 250 may be directly coated on the light emit-
ting layer 210. However, as explained above, direct coat-
ing may cause the film to be non-smooth.

Third embodiment

[0055] Refer to Fig. 3, which illustrates the structure of
a wavelength conversion device according to a third em-
bodiment of the present invention. In the wavelength con-
version device 300 of this embodiment, the light emitting
layer 310, the reflective layer 320 and the substrate 330
are the same as those of the first embodiment and will
not be described in further detail. A difference from the
first embodiment is that this embodiment further includes
a drive device 340. Specifically, the drive device 340 is
a drive motor. The substrate 330 in this embodiment is
a round substrate, which carries the ring shaped reflec-
tive layer 320 and light emitting layer 310. The drive de-
vice 340 is fixedly coupled to the substrate 330. When
the drive device 340 rotates, it drives the substrate 330
and the reflective layer 320 and the light emitting layer
310 on the substrate to rotate. This avoids the problem
when the laser from the excitation light source continu-
ously illuminates on the same point of the light emitting
layer for prolonged time periods which can cause the
wavelength conversion material on that point of the light
emitting layer 310 to be quenched.
[0056] The above descriptions disclose preferred em-
bodiments of the present invention and do not limit the
invention. It will be apparent to those skilled in the art that
various modification and variations can be made in the
apparatus and method of the present invention without
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departing from the spirit or scope of the invention. Thus,
it is intended that the present invention cover modifica-
tions and variations that come within the scope of the
appended claims and their equivalents.

Claims

1. A wavelength conversion device, comprising a sub-
strate, a reflective layer, and a light emitting layer
stacked successively,
wherein the reflective layer contains reflective parti-
cles, auxiliary particles, and a first binder, the reflec-
tive particles reflecting light, the auxiliary particles
filling voids between the reflective particles, and the
first binder binding the reflective particles and the
auxiliary particles to form the layer, and
wherein the light emitting layer contains a wave-
length conversion material and a second binder.

2. The wavelength conversion device of claim 1, where-
in the reflective particles are aluminum oxide parti-
cles and the auxiliary particles are titanium oxide par-
ticles.

3. The wavelength conversion device of claim 2, where-
in a mass fraction of the auxiliary particles in the re-
flective layer is 40-75%, and a mass fraction of the
reflective particles in the reflective layer is 0.5-30%.

4. The wavelength conversion device of claim 2, where-
in a particle diameter of the titanium oxide particles
is 0.02-1 mm, and a particle diameter of the aluminum
oxide particles is 0.01- 1 mm, and preferably, the
particle diameter of the titanium oxide particles is
0.2-0.5 mm, and the particle diameter of the alumi-
num oxide particles is 0.02-0.7 mm.

5. The wavelength conversion device of claim 2, where-
in a thickness of the reflective layer is less than 70
mm, and a reflectivity of the reflective layer for visible
light is higher than 95%, and preferably, the thick-
ness of the reflective layer is less than 30 mm, and
the reflectivity of the reflective layer for visible light
is higher than 95%.

6. The wavelength conversion device of any one of
claim 1 to claim 5, wherein a porosity of the reflective
layer is less than 35%.

7. The wavelength conversion device of any one of
claim 1 to claim 5, wherein the first binder is a first
glass powder, and wherein a mass fraction of the
first glass powder in the reflective layer is 20-50%.

8. The wavelength conversion device of claim 7, where-
in the first glass powder is SiO2-B2O3-RO, wherein
R is one or more selected from Mg, Ca, Sr, Ba, Na,

and K.

9. The wavelength conversion device of claim 7, where-
in the reflective layer is formed by sintering a mixture
of the reflective particles, the auxiliary particles, the
first glass powder, and an organic carrier, wherein
the organic carrier is a mixture of ethyl cellulose, ter-
pineol and butyl carbitol or is a silicone oil, and
wherein a residue of the organic carrier in the reflec-
tive layer has a mass fraction of 0.001-0.1%.

10. The wavelength conversion device of claim 7, where-
in the second binder is a second glass powder, which
is one or more selected from SiO2-B2O3-RO,
SiO2-TiO2-Nb2O5-R’2O, and ZnO-P2O5, wherein R
is one or more selected from Mg, Ca, Sr, Ba, Na,
and K, and wherein R’ is one or more selected from
Li, Na and K.

11. The wavelength conversion device of any one of
claim 1 to claim 5, wherein the first binder is a silica
gel or a resin, wherein the auxiliary particles are ti-
tanium oxide particles pre-treated with a coupling
agent, and wherein the coupling agent is a silane
coupling agent or ethyl orthosilicate.

12. The wavelength conversion device of claim 11,
wherein the second binder is a silica gel or a resin.

13. The wavelength conversion device of any one of
claim 1, claim 10 or claim 12, wherein a volume frac-
tion of the wavelength conversion material in the light
emitting layer is 30-75%, and a volume fraction of
the second binder in the light emitting layer is
25-70%, and preferably, the volume fraction of the
wavelength conversion material in the light emitting
layer is 35-55%, and the volume fraction of the sec-
ond binder in the light emitting layer is 45-65%.

14. The wavelength conversion device of any one of
claim 1, claim 10 or claim 12, wherein a thickness of
the light emitting layer is 50-300 mm.

15. The wavelength conversion device of claim 2, where-
in the substrate is an aluminum nitride substrate, or
the substrate is a metal substrate.

16. The wavelength conversion device of any one of
claim 1 to claim 5, further comprising an antireflection
film located on a side of the light emitting layer facing
away from the reflective layer.

17. The wavelength conversion device of claim 16, fur-
ther comprising a glass layer formed from a third
glass powder, located between the light emitting lay-
er and the antireflection film.

18. The wavelength conversion device of claim 17,
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wherein a thickness of the glass layer is 20-50 mm.

19. A light emitting device, comprising an excitation light
source and a wavelength conversion device of any
one of claim 1 to claim 18.

13 14 



EP 3 150 909 A1

9



EP 3 150 909 A1

10



EP 3 150 909 A1

11

5

10

15

20

25

30

35

40

45

50

55



EP 3 150 909 A1

12

5

10

15

20

25

30

35

40

45

50

55



EP 3 150 909 A1

13

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

