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A light emitting diode device is provided, which comprises a
silicon-based substrate, a buffer layer, a super lattice structure
layer, a nano-structure layer, a first semiconductor layer, a
light emitting layer, and a second semiconductor layer. The
buffer layeris formed onthe silicon-based substrate, the super
lattice structure layer is formed on the buffer layer, the nano-
structure layer is formed on the super lattice structure layer, a
first semiconductor layer is formed on the nano-structure
layer, and the light emitting layer is formed between the first
semiconductor layer and the second semiconductor layer. The
super lattice layer and the nano-structure can release the stress
within the light emitting diode device, and reduce the epitaxy
defect, so that the internal quantum effect and the external
quantum effect can be increased.
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LIGHT EMITTING DIODE DEVICE HAVING
SUPER LATTICE STRUCTURE AND A
NANO-STRUCTURE LAYER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a light emitting
diode device, particularly to a light emitting diode device
having a nano-structure layer and a super lattice structure
layer formed on a silicon-based substrate.

[0003] 2. Description of the Prior Art

[0004] The application of light emitting diode (LED) is
much more popularized in various electronic products and
industry day by day. Due to the required energy cost of the
light emitting diode is far below the conventional incandes-
cent lamp or fluorescent lamp, and the size of single light
emitting diode is much compact than the conventional illu-
minator, so that the demand of the light emitting diode is also
increased day by day under the trend of light, thin, short and
small electronic product.

[0005] The light emitting diode is the light emitting device
which is able to convert the electric energy into the light
energy directly. Because it is not necessary to convert the
electric energy by using the mechanism of the hot carrier-
induced emission, the light emitting diode is also called the
cold light emitting device. Except there is high light emitting
efficiency, the light emitting diode is also a small solid state
illuminator, which can be used to make the semiconductor
chip with p-njunction structure. After the voltage is applied to
both ends of this p-n junction, the electrons and holes will
flow towards this p-n junction immediately, and bond
together to release the photons.

[0006] As for the luminance of the light emitting diode, it is
generally acknowledged that the efficiency of current light
emitting diode is about a half of that of cold cathode fluores-
cent lamp, even its light emitting effect is about the same as
that of cold cathode fluorescent lamp. The light emitting
efficiency of the light emitting diode mainly relates to two
factors: the first one is the light emitting efficiency of the
semiconductor, and the second one is the light release rate of
encapsulated semiconductor chip. The main development
direction for the light emitting efficiency of the semiconduc-
tor chip comprises: the research and development of the elec-
troluminescence material, and the research on enhancing the
crystallinity of the semiconductor chip, in order to increase
the quantum effect inside the semiconductor chip.

SUMMARY OF THE INVENTION

[0007] According to the shortcoming of the prior art, the
main purpose of the present invention is to disclose a light
emitting diode device having a silicon-based substrate. A
super lattice structure layer is formed inside the light emitting
diode device. Because the thickness of the super lattice struc-
ture layer is extremely thin, and the stress can be lowered
effectively according to the material characteristics, the quan-
tum dropping effect of the light emitting diode canbe reduced
and the epitaxy quality can be increased.

[0008] The main purpose of the present invention is to
disclose a light emitting diode device having a silicon-based
substrate. The super lattice structure in the light emitting
diode is mainly used to buffer the stress between the substrate
and the first semiconductor GaN layer. Through adjusting the
thickness of two different materials, such as aluminum gal-
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lium nitride/gallium nitride (AlGaN/GaN)), it is able to reduce
the stress of the corresponding thickness.

[0009] Another purpose of the present invention is to dis-
close a light emitting diode device having a silicon-based
substrate. A super lattice structure layer is formed inside the
light emitting diode device. It can reduce the epitaxy defect,
increase the epitaxy quality, increase the internal quantum
effect (IQE), and increase the backlight scattering effect. The
light scattering effect of the light emitting layer towards the
silicon-based substrate is increased, so that the light emitting
effect of the light emitting diode and the external quantum
effect (EQE) can be increased.

[0010] According to the abovementioned purposes, the
present invention discloses a light emitting diode device,
which comprises a silicon-based substrate, a buffer layer, a
super lattice structure layer, a nano-structure layer, a first
semiconductor layer, a light emitting layer, and a second
semiconductor layer. The buffer layer is formed on the sili-
con-based substrate, the super lattice structure layer is formed
on the buffer layer, the nano-structure layer is formed on the
super lattice structure layer, a first semiconductor layer is
formed on the nano-structure layer, and the light emitting
layer is formed between the first semiconductor layer and the
second semiconductor layer. The super lattice layer and the
nano-structure can release the stress within the light emitting
diode device, and reduce the epitaxy defect, so that the inter-
nal quantum effect and the external quantum effect can be
increased.

[0011] Therefore, the advantage and spirit of the present
invention can be understood further by the following detail
description of invention and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0013] FIG. 1 illustrates the cross-sectional view of the
light emitting diode device according to the art disclosed by
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0014] Please refer to FIG. 1. FIG. 1 illustrates the cross-
sectional view of the light emitting diode device according to
the technology disclosed by the present invention. As shown
in FIG. 1, the light emitting diode device 1 comprises a
substrate 10, a buffer layer 12, a super lattice structure layer
14, a nano-structure layer 16, a first semiconductor layer 18,
alight emitting layer 20 and a second semiconductor layer 22
from bottom to top.

[0015] Inan embodiment of the present invention, the sub-
strate 10 is the silicon-based substrate, which is used to sub-
stitute the conventional sapphire substrate. In this embodi-
ment, the reason for using the silicon-based substrate is
cheaper, larger wafer, such as 12" wafer, can be made, and the
heat dissipationis better. Thus, the light emitting diode device
provided by the present invention can be integrated with other
large silicon-based semiconductor process equipment.
[0016] The buffer layer 12 is formed on the silicon-based
substrate 10. The epitaxy growing method is used to form the
buffer layer 12 on the silicon-based substrate 10. The material
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of the buffer layer 12 may be the aluminum gallium nitride
(AlGaN). Then, the super lattice structure layer 14 is formed
on the buffer layer 12. The super lattice structure layer 14 may
be composed of multi-layer of aluminum gallium nitride/
gallium nitride (AlGaN/GaN) pairs. In an embodiment, the
super lattice structure layer 14 may be a single-layer structure
formed on the buffer layer 12; while in another embodiment,
the super lattice structure layer 14 may be a multi-layer struc-
ture formed on the buffer layer 12. No matter single-layer or
multi-layer super lattice structure layer 14 is formed on the
buffer layer 12, the thickness is very thin. The thickness of a
layer (AlGaN or GaN) is about 1 nm to 10 nm, and total
thickness is about 100 nm to 1000 nm. The thickness of the
super lattice structure layer 14 depends on the number of
pairs. For example, the super lattice structure is often piled up
by 2 nm scale dielectric materials, such as 1 nm/1 nm, 2 nm/2
nm or 2 n/6 m of aluminum gallium nitride/gallium nitride
(AlGaN/GaN). There is no fixed form, which normally
depends on the growth environment, such as the growth tem-
perature, the growth machine and the stress control require-
ment etc. Through forming the super lattice structure layer 14
on the light emitting diode device 1, the stress can be reduced
effectively, the quantum dropping effect of the light emitting
diode can be reduced and the epitaxy quality can be increased.
Thus, through the super lattice structure layer 14 of the light
emitting diode device 1 disclosed by the present invention,
the light emitting efficiency of the light emitting diode device
1 can be increased.

[0017] Then, please refer to FIG. 1 again. The nano-struc-
ture layer 16 is formed on the super lattice structure layer 14.
The material of the nano-structure layer 16 may be the silicon
dioxide (Si0,), silicon nitride (SiN ), air voids or composite
single-layer dielectric material. The thickness on the super
lattice structure layer 14 is about 10 nm to 2000 nm. In an
embodiment ofthe present invention, the nano-structure layer
16 may be a continuous structure or discontinuous structure
formed on the super lattice structure layer 14. The advantage
of the present invention is able to reduce the epitaxy defect,
increase the internal quantum effect (IQE), increase the scat-
tering effect and increase the external quantum effect (EQE).
Thus, through the nano-structure layer 16 of the light emitting
diode device 1 disclosed by the present invention, the light
emitting efficiency ofthe light emitting diode device 1 can be
increased.

[0018] Then, please refer to FIG. 1 again. In the light emit-
ting diode device 1 disclosed by the present invention, the first
semiconductor layer 18 is formed on the nano-structure layer
16 and the light emitting layer 20 is formed between the first
semiconductor layer 18 and the second semiconductor layer
22. The first semiconductor layer 18 is the n-type GaN, and
the second semiconductor layer 22 is the p-type GaN. The
light emitting layer 20 may be single quantum well or multi-
quantum well. In an embodiment of the present invention, the
first semiconductor layer 18, the light emitting layer 20 and
the second semiconductor layer 22 are formed on the light
emitting diode device 1 by the epitaxy growing method.
[0019]  According to the light emitting diode device 1 dis-
closed by the present invention, the advantage for using the
silicon-based substrate is cheaper, larger wafer, such as 12"
wafer, can be made, which can be integrated with other large
silicon-based semiconductor process equipment. The heat

Oct. 8, 2015

dissipation is better, so that the heat generated by the operat-
ing light emitting diode device 1 can be released to the ambi-
ent environment easily. In addition, the super lattice structure
layer 14 can be used to buffer the stress between the silicon-
based substrate and the GaN grown on the silicon-based
substrate. Through adjusting the thickness of two different
materials, such as aluminum gallium nitride/gallium nitride
(AlGaN/GaN), it is able to reduce the stress of the corre-
sponding thickness, so the quantum dropping effect of the
light emitting diode can be reduced. As foranother advantage,
the super lattice structure layer 16 can reduce the epitaxy
defect, increase the epitaxy quality, and increase the backlight
scattering effect towards the substrate, so as to increase the
light emitting effect of the light emitting diode device 1. The
internal quantum effect and the external quantum effect can
also be increased to increase the scattering effect of the light
emitting diode device 1, in order to increase the light emitting
efficiency of the light emitting diode device 1.

[0020] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A light emitting diode device, comprising:

a silicon-based substrate;

a buffer layer formed on said silicon-based substrate;

a super lattice structure layer formed on said buffer layer;

a nano-structure layer formed on said super lattice struc-

ture layer;

a first semiconductor layer formed on said nano-structure

layer;

a light emitting layer formed on said first semiconductor

layer; and

asecond semiconductor layer formed on said light emitting

layer.

2. The device according to claim 1, wherein the buffer layer
comprises aluminum gallium nitride (A1GaN).

3. The device according to claim 1, wherein the super
lattice structure layer comprises gallium nitride/aluminum
gallium nitride (GaN/AlGaN).

4. The device according to claim 1, wherein the super
lattice structure layer is selected from the group consisting of
single-layer and multi-layer.

5. The device according to claim 1, wherein the nano-
structure layer 16 is selected from the group consisting of
silicon dioxide (Si0,), silicon nitride (SiN.), air voids and
composite single-layer dielectric material.

6. The device according to claim 1, wherein the nano-
structure layer is selected from the group consisting of a
continuous structure and discontinuous structure formed on
the super lattice structure layer.

7. The device according to claim 1, wherein the light emit-
ting layer is selected from the group consisting of single
quantum well and multi-quantum well.
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