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Figure 1 (Prior Art)
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LIGHT EMITTING SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The invention mainly discloses a semiconductor
light emitting device, particularly discloses a semiconductor
light emitting device having an insert layer.

[0003] 2. Description of the Prior Art

[0004] Please refer to FIG. 1, which shows the structure of
a conventional semiconductor light emitting device 100,
which includes: a substrate 102; a first semiconductor con-
ductive layer 104 is disposed on the substrate 102; an active
layer 106 is disposed on the first semiconductor conductive
layer 104; an electron blocking layer 108 is disposed on the
active layer 106; a second semiconductor conductive layer
110 is disposed on the electron blocking layer 108, in which
the electric of the second semiconductor conductive layer 110
1s opposite to that of the first semiconductor conductive layer
104; a first electrode 122 is disposed on the second semicon-
ductor conductive layer 110; and a second electrode 124 is
disposed on another surface of the substrate 102.

[0005] As shown in FIG. 2, for the structure of another
conventional semiconductor light emitting device 200, which
includes: a substrate 202; a first semiconductor conductive
layer 204 having a first part (not shown in the figure) and a
second part (not shown in the figure) which are disposed on
the substrate 202; an active layer 206 is disposed on the first
part of the first semiconductor conductive layer 204; an elec-
tron blocking layer 208 is disposed on the active layer 206; a
second semiconductor conductive layer 210 is disposed on
the electron blocking layer 208, in which the electric of the
second semiconductor conductive layer 210 is opposite to
that of the first semiconductor conductive layer 204; a first
electrode 222 is disposed on the second semiconductor con-
ductive layer 210; and a second electrode 224 is disposed on
the second part of the first semiconductor conductive layer
204, in which the electric is separated from the element on the
first part of the first semiconductor conductive layer 204.
[0006] From the above-mentioned structure, it is known
that the use of broad energy gap semiconductor material as
the carrier blocking layer 108, 208 has become very common
application in the semiconductor light emitting device 100,
200, such as laser diode and light emitting diode. However, it
is mentioned in the prior art, utilizing certain amount of
aluminum gallium nitride as the electron blocking layer 108,
208 can reduce the overflow of electron greatly. Also, the
electron blocking layer will influence the electron hole 108,
208, it will be more difficult to inject into the active layer 106,
206. While in the other prior art, the P-type gallium nitride
layer using gradually change doping concentration can influ-
ence the advancing behavior of carrier in energy band dia-
gram. As shown in FIG. 3, in the other prior art, it is men-
tioned that utilizing the quantum energy barrier with super
lattice can further prevent the overflow of the electron. How-
ever, even the above-mentioned methods can prevent the
overflow of the electron successfully, it will increase the
difficulty for injecting the electron hole into the active layer
106, 206, and it will become harder to manufacture the light
emitting device.

[0007] Refer to FIG. 4, when the conventional light emit-
ting device is operated under forward bias, the valance elec-
tron band diagram of electron blocking layer will be triangu-
lar shape, due to the factor of internal polarization field and
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forward bias. The valance electron band of electron blocking
layer is declined upwards from the conductive layer of N-type
semiconductor conductive layer to P-type semiconductor
conductive layer, which blocks the transmission ability of
electron hole passing through this triangular blocking layer.
However, if the aluminum content is increased from P-type
semiconductor conductive layer to N-type semiconductor
conductive layer in electron blocking layer, the band-gap will
be increased gradually. Thus, when the slope of valance elec-
tron band is increased, the barrier in valance electron band
will become flat and maybe overturned.

SUMMARY OF THE INVENTION

[0008] Inview ofthe above-mentioned problem of prior art,
the main purpose of the invention is to provide a semiconduc-
tor light emitting device, wherein the material layer with a
broad energy gap can be used as an electron blocking layer
and electron hole injection layer, which can prevent the over-
flow of the electron effectively and increase the injection
efficiency of electron hole.

[0009] Another purpose of the invention is to provide a
semiconductor light emitting device, wherein the material
layer with a broad energy gap can be used as an electron
blocking layer and electron hole injection layer, which can
reduce the barrier of the valance electron band, so that the
electron hole can be injected into the active surface to asso-
ciate with the electron to emit the light more easily. and the
overflow of the electron can be prevented to increase the
efficiency of the semiconductor light emitting device.
[0010] According to the above-mentioned purpose, the
invention discloses a semiconductor light emitting device is
provided, which includes: a substrate having a first surface
and a second surface; a first . semiconductor conductive layer
is disposed on the first surface of the substrate; an insert layer
is disposed on the first semiconductor conductive layer; an
active layer is disposed on the insert layer; a second semicon-
ductor conductive layer is disposed on the active layer; a first
electrode is disposed on the second semiconductor conduc-
tive layer; and a second electrode is disposed on the second
surface of the substrate, in which the electric of the second
electrode is opposite to that of the first electrode.

[0011] The invention discloses another semiconductor
light emitting device is provided, which includes: a substrate;
a second semiconductor conductive layer having a first part
and a second part which is disposed on the substrate; an active
layeris disposed on the first part of the second semiconductor
conductive layer; an insert layer is disposed on the active
layer; a first semiconductor conductive layer is disposed on
the gradually change insert layer, in which the electric of the
second semiconductor conductive layer first is opposite to
that of the second semiconductor conductive layer; a first
electrode is disposed on the first semiconductor conductive
layer; and a second electrode is disposed on the second part of
the second semiconductor conductive layer, in which the
electric of the second electrode is opposite to that of the first
electrode. Because of the insert layer is a material layer with
abroad energy gap which can be used as an electron blocking
layer and electron hole injection layer. Thus, when the insert
layer used to replace the electron blocking layer, the barrier of
the valence electron band can be reduced so that the electron
hole can be injected into the active surface to associate with
the electron to emit the light, and the overflow of the electron
can be prevented to increase the efficiency of the semicon-
ductor light emitting device.
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[0012] Inorderto furtherunderstand the purpose, structure,
features and functions of the invention, the following detail
description is described with the attached embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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:

[0014] FIG. 1is a graph illustrating the structure of a semi-
conductor light emitting device according to the conventional
technology;

[0015] FIG. 21is a graph illustrating the structure of a semi-
conductor light emitting device according to the conventional
technology;

[0016] FIG. 3 is a graph illustrating a conventional semi-
conductor light emitting device with a broad energy gap
according to the conventional technology, and its influence on
the carrier behavior;

[0017] FIG. 4 is a graph illustrating the valance electron
band diagram of electron blocking layer when the conven-
tional light emitting device is operated under forward bias,
due to the factor of internal polarization field and forward
bias;

[0018] FIG. 5 is a graph illustrating the structure of .a
semiconductor light emitting device according to the technol-
ogy disclosed by the invention;

[0019] FIG. 6 is a graph illustrating another preferred
embodiment ofa semiconductor light emitting device accord-
ing to the technology disclosed by the invention;

[0020] FIG. 7is a graph illustrating the structure of a semi-
conductor light emitting device according to the technology
disclosed by the invention;

[0021] FIG. 81is a graph illustrating the energy gap of semi-
conductor light emitting device A, B, C under 100 A/ cm® of
current according to the technology disclosed by the inven-
tion; and

[0022] FIG. 9 is a graph illustrating the comparison for the
current density and forward bias of a conventional semicon-
ductor light emitting device and a semiconductor light emit-
ting device with the insert layer according to the technology
disclosed by the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] The direction of the invention explores a semicon-
ductor light emitting device here. In order to understand the
invention thoroughly, the structure and steps of semiconduc-
tor light emitting device will be provided in detail in the
following description. Obviously, the implementation of the
invention has not been limited to the special detail of the
semiconductor light emitting device for those skilled in the
art. However, the preferred embodiment of the invention will
be described in detail as follows. Except these detailed
description, the invention can also be widely implemented in
other embodiments. And it is not intended that the scope of
the invention be limited to the description as set forth herein,
which can be changed and modified slightly. So claims
attached in this paper would be used for the scope of the
invention.

[0024] Please refer to FIG. 5, which illustrates an embodi-
ment for a semiconductor light emitting device disclosed by
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the invention. As shown in FIG. 5, the semiconductor light
emitting device 10 comprises: a substrate 12 having a first
surface (not shown in the figure) and a second surface (not
shown in the figure); a first semiconductor conductive layer
14 is disposed on the first surface of the substrate 12; an insert
layer 16 is disposed on the first semiconductor conductive
layer 14; an active layer 18 is disposed on the insert layer 16;
a second semiconductor conductive layer 20 is disposed on
the active layer 18, in which the second electric of the second
semiconductor conductive layer 20 is opposite to the first
electric of the first semiconductor conductive layer 14; a first
electrode 24 is disposed on the second semiconductor con-
ductive layer 20; and a second electrode 26 is disposed on the
second surface of the substrate 12, in which the fourth electric
of the second electrode 26 is opposite to the third electric of
the first electrode 24.

[0025] It should be described here, if the first semiconduc-
tor conductive layer 14 is P-type semiconductor conductive
layer, then the second semiconductor conductive layer 20 will
be N-type semiconductor conductive laver. In addition, in
another preferred embodiment of the invention, if the first
semiconductor conductive layer 14 is N-type semiconductor
conductive layer, then the second semiconductor conductive
layer 20 will be P-type semiconductor conductive layer, as the
semiconductor light emitting device 11 shown in FIG. 6.
Thus, when the first semiconductor conductive layer 14 is
N-type semiconductor conductive layer and the second semi-
conductor conductive layer 20 is P-type semiconductor con-
ductive layer, a transparent conductive layer 22 is included
between the first electrode 24 and the second semiconductor
conductive layer 20.

[0026] Please refer to FIG. 7, which illustrates another
embodiment for a semiconductor light emitting device dis-
closed by the invention. The semiconductor light emitting
device 30 includes: a substrate 32; a first semiconductor con-
ductive layer 34 having a first part (not shown in the figure)
and a second part (not shown in the figure) which are disposed
on the substrate 32; an active layer 36 is disposed on the first
part of the first semiconductor conductive layer 34; an insert
layer 38 is disposed on the active layer 36; a second semicon-
ductor conductive layer 40 is disposed on the insert layer 38,
in which the electric of the second semiconductor conductive
layer 40 is opposite to that of the first semiconductor conduc-
tive layer 34, that is when the first semiconductor conductive
layer 34 is N-type semiconductor conductive layer, then the
second semiconductor conductive layer 40 will be P-type
semiconductor conductive layer; a transparent conductive
layer 42 is disposed on the second semiconductor conductive
layer 40; a first electrode 44 is disposed on the transparent
conductive layer 42; and a second electrode 46 is disposed on
the second part of the first semiconductor conductive layer 34,
in which the electric is separated from the element on the first
part of the first semiconductor conductive layer 34, and the
electric of the second electrode 46 is opposite to that of the
first electrode 44.

[0027] In the embodiments of the invention, the semicon-
ductor light emitting devices shownin FIG. 5, FIG. 6 and FIG.
7 may be the light emitting diode, semiconductor laser or
laser diode. In addition, the material of substrate 12, substrate
32 shown in FIG. 5, FIG. 6 and FIG. 7 may be the sapphire,
spinelle(MgAl,0,), gallium nitride(GaN), aluminum nitride
(AIN), silicon carbide(SiC), gallium arsenide(GaAs), gal-
lium phosphide(GaP), silicon(Si), germanium(Ge), zinc oxi-
de(Zn0), magnesium oxide(MgO), LAO, LGO and glass; the
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active layer 18, active layer 38 may be the quantum well or
multi-quantum well, and its material may be gallium nitride
(GaN) or indium gallium nitride/gallium nitride (InGaN/
GaN); and the material of transparent conductive layer 22,
transparent conductive layer 42 may be the indium tin oxide
(ITO), tin oxide(ZnO) or nickel/gold alloy (Ni/Au alloy),
CTO, titanium tungsten nitride (TiWN), indium trioxide
(In,0,), tin dioxide(SnO,), cadmium oxide(CdO), zinc oxide
(Zn0), copper gallium oxide(CuGa0,), and strontium copper
oxide(SrCu,0,).

[0028] In addition, according to the above-mentioned
structure, the epitaxial grow method is employed to form the
semiconductor light emitting device disclosed by the inven-
tion, such as the metal organic chemical vapor deposition
(MOCVD) or hydride vapor phase epitaxy (HVPE) or
molecular beam epitaxy (MBE) or hot wall epitaxy.

[0029] In the embodiments of the invention, the material
layer with a broad energy gap is used as the insert layer 16,
insert layer 36 to replace conventional electron blocking layer
disposed on P-type semiconductor conductive layer 14,
P-type semiconductor conductive layer 34, in which the
material of insert layer 16, insert layer 36 may be aluminum
indium gallium nitride (Al InGa,  N). The aluminum
indium gallium nitride layer is composed by Al In Ga,; . N,
in which the aluminum content is 0=x=0.9, the indium con-
tent is 0=y=0.3, and the gallium content is balanced with
respect to aluminum and indium, It should be described here,
the element content in the insert layer 16, insert layer 36 is
formed by gradually change way in the insert layer 16, insert
layer 36, that the content of aluminum, indium and/or gallium
is different in every insert layer 16, insert layer 36, and the
content may be increased from bottom layer to top layer or
from top layer to bottom layer. For example, the aluminum
content in aluminum indium gallium nitride is from 0 to 0.9,
which may be increased from 0 of top layer to 0.9 of bottom
layer in insert layer 16, insert layer 36. Similarly, the indium
content in aluminum indium gallium nitride is from 0 to 0.9,
which may be increased from 0 of top layer to 0.3 of bottom
layer in insert layer 16, insert layer 36. The gallium content in
aluminum indium gallium nitride is balanced with respect to
aluminum and indium, which is also different in every insert
layer 16, insert layer 36.

[0030] On the contrary, the same performance can be
obtained from decreased element content in every insert
layer. Thus from the above-mentioned description, it is
known that the purpose of insert layer 16, insert layer 36 in the
invention is: 1. Gradually change content; and 2. Gradually
change of energy gap caused by gradually change content of
aluminum, indium and gallium, and the thickness of insert
layer 16, insert layer 36 is about 5 nm to 40 nm. In the
embodiment, as for the semiconductor light emitting device
10, semiconductor light emitting device 20 with the insert
layer 16, insert layer 36 to be discussed, the aluminum content
in the insert layer 16, insert layer 36 is 0%~15%, 25% and
35%. In the conventional light emitting device, the aluminum
content in the electron blocking layer (not shown in the fig-
ure) is fixed to about 15% normally. It is generally acknowl-
edged that the simulated physical parameter is 50% of shield-
ing phenomenon. The ratio of conduction-valance band offset
on the interface is 67:33. The

[0031] Shockley-Read-Hall recombination life cycle is 1
ns, and the Auger recombination coefficient in the quantum
well is 2#10-30 cm®/s.
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[0032] FIG. 8 illustrates the energy gap of semiconductor
light emitting device A, semiconductor light emitting device
B, semiconductor light emitting device C under 100 A/em> of
current. According to the technology disclosed by the inven-
tion, the degree of gradually change is related to the ability of
electron hole injection. Even if the semiconductor light emit-
ting device 10, semiconductor light emitting device 20 has
smaller degree of gradually change, the slope of its valance
band can become flat. Then, when the aluminum content at P
end (namely P-type semiconductor conductive layer) is
increased to 25%, its slope begins to invert. In addition, it is
noticed that the energy gap difference AEv between the gal-
lium nitride barrier (GaN barrier) and the electron blocking
layer does not exist in the semiconductor light emitting device
10, semiconductor light emitting device 20 having the insert
layer 16, insert layer 36. Thus, the efficiency of electron hole
injection may be increased by the insert layer 16, insert layer
36. Meanwhile, when the degree of gradually change is
increased, the conduction-valance band offset on the inter-
face between P-type gallium nitride layer (namely P-type
semiconductor conductive layer) and the electron blocking
layer will also limit the ability of electron. Similarly, the
energy gap difference AEv between the electron blocking
layer and the P-type semiconductor conductive layer will be
increased with aluminum content, which may block the trans-
mission ability of electron hole. In addition, because of lower
acceptor-activation efficiency and low lattice quality in the
epitaxy, the electron blocking layer with high aluminum con-
tent is not suitable to be used in the application of semicon-
ductor light emitting diode actually.

[0033] Thus, according to the above-mentioned descrip-
tion, because the insert layer 16, insert layer 36 can be used as
the electron blocking layer and electron hole injection layer,
which may decrease the energy barrier of valance band, the
barrier of the valence electron band can be reduced so that the
electron hole can be injected into the active layer 18, active
layer 38 to associate with the electron to emit the light, and the
overflow of the electron can be prevented to increase the
efficiency of the semiconductor light emitting device.
[0034] Itis understood 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 the 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 the
invention pertains.

What is claimed is:

1. A semiconductor light emitting device, comprising:

a substrate having a first surface and a second surface;

a first semiconductor conductive layer being disposed on
the first surface of the substrate;

an insert layer being disposed on the first semiconductor
conductive layer;

an active layer being disposed on the insert layer;

a second semiconductor conductive layer being disposed
on the active layer, and an second electric of the second
semiconductor conductive layer being opposite to an
first of the first semiconductor conductive layer;

a first electrode being disposed on the second semiconduc-
tor conductive layer; and
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asecond electrode being disposed on the second surface of
the substrate, wherein an fourth electric of the second
electrode being opposite to an third electric of the first
electrode.

2. The semiconductor light emitting device according to
claim 1, wherein the material of substrate is selected from
sapphire, spinelle(MgAl,O,), gallium nitride(GaN), alumi-
num nitride(AIN), silicon carbide(SiC), gallium arsenide
(GaAs), gallium phosphide (GaP), silicon(Si), germanium
(Ge), zinc oxide(ZnO), magnesium oxide(MgO), LAO, LGO
and glass.

3. The semiconductor light emitting device according to
claim 1, wherein when the first semiconductor conductive
layer is N-type semiconductor conductive layer, then the sec-
ond semiconductor conductive layer is P-type semiconductor
conductive layer.

4. The semiconductor light emitting device according to
claim 1, wherein when the first semiconductor conductive
layer is N-type semiconductor conductive layer and the sec-
ond semiconductor conductive layer is P-type semiconductor
conductive layer, further comprising a transparent conductive
layer is included between the second semiconductor conduc-
tive layer and the first electrode.

5. The semiconductor light emitting device according to
claim 1, wherein when the first semiconductor conductive
layer is P-type semiconductor conductive layer, then the sec-
ond semiconductor conductive layer is N-type semiconductor
conductive layer.

6. The semiconductor light emitting device according to
claim 1, wherein the active layer is selected from indium
gallium nitride (InGaN), Multi Quantum Well(MQW) and
Quantum Well.

7. The semiconductor light emitting device according to
claim 1, wherein a material of insert layer is aluminum
indium gallium nitride (Al In Ga, , N), wherein an alumi-
num content, an indium content and a gallium content in the
aluminum indium gallium nitride (AlInGa,  N) are
increased from top to bottom, where 0=x=0/9, 0=y=3.

8. The semiconductor light. emitting device according to
claim 1, wherein a material of insert layer is aluminum
indium gallium nitride (Al In,Ga, , N), wherein an alumi-
num content, an indium content and a gallium content in the
aluminum indium gallium nitride (AlInGa, . N) are
decreased from top to bottom, where 0=x=0.9, 0=y=3.

9. The semiconductor light emitting device according to
claim 1, wherein a thickness of insert layer is about 5 nm to 40
nm.

10. The semiconductor light emitting device according to
claim 1, wherein the formation method of the first semicon-
ductor conductive layer, active layer and second semiconduc-
tor conductive layer is selected from metal organic chemical
vapor deposition (MOCVD), hydride vapor phase epitaxy
(HYPE), molecular beam epitaxy (MBE), and hot wall epit-
axy.

11. The semiconductor light emitting device according to
claim 1, wherein a material of transparent conductive layer is
selected from the indium tin oxide(ITO), tin oxide(Zn0O),
nickel/gold alloy(Ni/Au alloy), CTO, titanium tungsten
nitride(TiIWN), indium trioxide(In,0,), tin dioxide(SnO,),
cadmium oxide(CdO), zinc oxide(ZnO), copper gallium
oxide(CuGaQ,), and strontium copper oxide(SrCu,0,).
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12. A semiconductor conductive layer, comprising:

a substrate;

a second semiconductor conductive layer having a first part
and a second part being disposed on the substrate;

an active layer being disposed on the first part of the second
semiconductor conductive layer;

an insert layer being disposed on the active layer;

a first semiconductor conductive layer being disposed on
the insert layer, wherein a second electric of the second
semiconductor conductive layer being opposite to a first
electric of first semiconductor conductive layer;

a transparent conductive layer being disposed on the first
semiconductor conductive layer;

a first electrode being disposed on the transparent conduc-
tive layer; and

a second electrode is disposed on a second part of the
second semiconductor conductive layer, wherein a
fourth electric of the second electrode being opposite to
a third of the first electrode.

13. The semiconductor light emitting device according to
claim 12, wherein the material of substrate is selected from
sapphire, spinelle (MgAlL,O,), gallium nitride(GaN), alumi-
num nitride(AIN), silicon carbide(SiC), gallium arsenide
(GaAs), gallium phosphide(GaP), silicon(Si), germanium
(Ge), zinc oxide(ZnO) , magnesium oxide (MgO), LAO,
LGO and glass.

14. The semiconductor light emitting device according to
claim 12, wherein the active layer is selected from indium
gallium nitride (InGaN), Multi Quantum Well(MQW) and
Quantum Well.

15. The semiconductor light emitting device according to
claim 12, wherein a material of insert layer is aluminum
indium gallium nitride (Al In Ga, , N), wherein an alumi-
num content, an indium content and a gallium content in the
aluminum indium gallivm nitride (Al In Ga, . N) are
increased from top to bottom, where 0=x=0.9, 0=y=3.

16. The semiconductor light emitting device according to
claim 12, wherein the material of insert layer is aluminum
indium gallium nitride (Al In Ga, . N), an aluminum con-
tent, an indium content and a gallium content in the aluminum
indium gallium nitride (Al,In,Ga, , N) are decreased from
top to bottom, where 0=x=0.9, 0=y=3.

17. The semiconductor light emitting device according to
claim 12, wherein a thickness of insert layer is about 5 nm to
40 nm.

18. The semiconductor light emitting device according to
claim 12, wherein a formation method of the first semicon-
ductor conductive layer, active layer and second semiconduc-
tor conductive layer is selected from metal organic chemical
vapor deposition (MOCVD), hydride vapor phase epitaxy
(HYPE), molecular beam epitaxy (MBE), and hot wall epit-
axy.

19. The semiconductor light emitting device according to
claim 12, wherein a material of transparent conductive layer
is selected from the indium tin oxide(ITO), tin oxide(ZnO),
nickel/gold alloy(Ni/Au alloy), CTO, titanium tungsten
nitride (TiWN), indium trioxide(In,05), tin dioxide(SnO,),
cadmium oxide(CdO), zinc oxide(ZnO), copper gallium
oxide(CuGaQ,), and strontium copper oxide(SrCu,O,).
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