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(57) Abstract: A semiconductor light emitting device and a method of manufacturing the same are provided. The semiconductor
light emitting device comprises a first semiconductor layer emitting electrons, a second semiconductor layer emitting holes, and an
active layer emitting light by combination of the electrons and holes. At least one of the layers comprises an photo enhanced minority

carriers.
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Description
SEMICONDUCTOR LIGHT EMITTING DEVICE AND

METHOD OF MANUFACTURING THE SAME
Technical Field

[1] Embodiments relate to a semiconductor light emitting device and a method of manu-
facturing the same.
Background Art

[2] A group III-V nitride semiconductor is being spotlighted as a gist material of a light
emitting device suc as a light emitting diode (LED) or a laser diode (LD) due to its
physical and chemical properties.

[3] The group I11I-V nitride semiconductors are being widely used for light emitting
devices that emit light having a blue or green wavelength band and applied as light
sources of a variety of products such as high-speed switching devices such as metal
semiconductor field effect transistors (MESFET) and hetero junction field effective
transistors (HEMT), high-output devices, keypad light emitting units of mobile
phones, electronic scoreboards, and lightings.

Disclosure of Invention
Technical Problem

[4] Embodiments provide a semiconductor light emitting device that can generate a
minority carriers in at least one semiconductor layer using a lighting source and a
method of manufacturing the semiconductor light emitting device.

[5] Embodiments provide a semiconductor light emitting device that can expose an
undoped semiconductor layer to light from a lighting source and a method of manu-
facturing the semiconductor light emitting device.

[6] Embodiments provides a semiconductor light emitting device that can expose an
InGaN layer comprising a low mol indium between a first conductive semiconductor
layer and an active layer to light from a lighting source and a method of manufacturing
the semiconductor light emitting device.

[7] Embodiments provide a semiconductor light emitting device that can generate a
minority holes by exposing a quantum well layer of an active layer to light from a
lighting source and a method of manufacturing the semiconductor light emitting
device.

[8] Embodiments provide a semiconductor light emitting device that can generate a
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minority electrons by exposing a second conductive semiconductor layer on an active
layer to light from a lighting source.
Technical Solution

An embodiment provides a semiconductor light emitting device comprising: a semi-
conductor light emitting device comprising: a light emitting structure layer comprising
a first semiconductor layer emitting electrons, a second semiconductor layer emitting
holes and an active layer emitting light by combination of the electrons and holes,
wherein at least one of the light emitting structure layer comprises an photo enhanced
minority carriers.

An embodiment provides a semiconductor light emitting device comprising: a light
emitting structure layer comprising a first semiconductor layer comprising at least one
of a first undoped semiconductor layer, a first conductive semiconductor layer, and a
low-mol InGaN layer; an active layer on the first semiconductor layer; and a second
semiconductor layer on the active layer, wherein at least one of the light emitting
structure layer comprises an photo enhanced minority carriers.

An embodiment provides a method of manufacturing a semiconductor light emitting
device comprising: forming first semiconductor layer; forming an active layer on the
first semiconductor layer; and forming a second semiconductor layer on the active
layer, wherein at least one of the layers is grown through an exposure process.
Advantageous Effects

The embodiments can improve light emission efficiency of an active layer.

The embodiments can enhance electrical tolerance such as ESD and improve a diode
electrical property such as an inverse current, an inverse voltage, and the light of a
semiconductor light emitting device.

The embodiments can provide a first conductive semiconductor layer that has an
excellent crystalline.

Brief Description of the Drawings

Fig. 1 is a side sectional view of a semiconductor light emitting device according to a
first embodiment.

Fig. 2 is a view of a forming example of an undoped semiconductor layer of Fig. 1.

Fig. 3 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 1.

Fig. 4 is a side sectional view of a vertical semiconductor light emitting device using

Fig. 1.
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[19] Fig. 5 is a side sectional view of a semiconductor light emitting device according to a
second embodiment.

[20] Fig. 6 is a view of a forming example of a quantum well layer of an active layer of
Fig. 5.

[21] Fig. 7 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 5.

[22] Fig. 8 is a side sectional view of a vertical semiconductor light emitting device using
Fig. 5.

[23] Fig. 9 is a side sectional view of a semiconductor light emitting device according to a
third embodiment.

[24] Fig. 10 is a view of an example of a V-defect of a low-mol InGaN layer in Fig. 9.

[25] Fig. 11 is a view of a forming example of a low-mol InGaN layer of Fig. 9.

[26] Fig. 12 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 9.

[27] Fig. 13 is a side sectional view of a vertical semiconductor light emitting device
using Fig. 9.

[28] Fig. 14 is a side sectional view of a semiconductor light emitting device according to
a fourth embodiment.

[29] Fig. 15 is a view of a lamp exposure example of a second conductive semiconductor
layer of Fig. 14.

[30] Fig. 16 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 14.

[31] Fig. 17 is a side sectional view of a vertical semiconductor light emitting device
using Fig. 14.
Best Mode for Carrying Out the Invention

[32] Hereinafter, semiconductor light emitting devices and methods of manufacturing the

same in accordance with embodiments will be described with reference to the ac
companying drawings. In the following description, it will be understood that when a
layer (or film) is referred to as being "on" another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may also be present. Further, it
will be understood that when a layer is referred to as being "under" another layer, it
can be directly under the other layer, and one or more intervening layers may also be
present. In addition, "on" and "under" of each layer will be referred based on the
drawings. Further, the thickness of each layer is exemplarily illustrated and thus the

actual thickness of each layer is not limited to the drawings.
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Figs. 1 to 4 illustrate a first embodiment.

Fig. 1 is a side Fig. 1 is a side sectional view of a semiconductor light emitting
device according to a first embodiment, and Fig. 2 is a view of a forming example of
an undoped semiconductor layer of Fig. 1.

Referring to Fig. 1, a semiconductor light emitting device 100 comprises a substrate
110, a butfer layer 120, a first undoped semiconductor layer 130A, a first conductive
semiconductor layer 140, an active layer 150, and a second conductive semiconductor
layer 160.

The substrate 110 may be formed of at least one of Al,O,, GaN, SiC, ZnO, Si, GaP,
InP, Ge, and GaAs. The substrate 110 may be a substrate having a conductive
property. The surface of the substrate 110 may be provided with a pattern having pro-
trusions and grooves. However, the substrate 110 is not limited thereto.

A nitride semiconductor is grown on the substrate 110. One of a physical vapor de-
position (PVD) apparatus, a chemical vapor deposition (CVD) apparatus, a plasma
laser deposition (PLD) apparatus, a dualtype thermal evaporator sputtering apparatus,
a metal organic chemical vapor deposition apparatus may be used as a growing
apparatus.

The buffer layer 120 is formed on the substrate 110. The buffer layer 120 may be
formed of GaN, InN, AIN, AlInN, InGaN, AlGaN, InAlGaN, or the like. The buffer
layer 120 attenuates lattice mismatch between GaN and a material of the substrate 110.
Here, the buffer layer 120 may be not formed.

The first undoped semiconductor layer 130A is formed on the buffer layer 120. The
first undoped semiconductor layer 130A may be an undoped GaN layer and functions
as a substrate on which the nitride semiconductor is grown.

Referring to Figs. 1 and 2, the first undoped semiconductor layer 130A is grown in-
situ by an exposure process using lighting source 190 (for example, a lamp, hereinafter
referred to as "lamp"). Here, the lamps 190 are form photo electro luminescence
growing. For example, the lamp 190 may be selected from the group consisting of a
mercury lamp, an X+ay lamp, an E-beam lamp, and a halogen lamp, and a com-
bination thereof.

The first undoped semiconductor layer 130A is formed to have a predetermined
thickness (e.g., 1-51m) by supplying NH; and TMGa at a growing temperature (e.g.,
700-1500°C). The first undoped semiconductor layer 130A is grown in-situ through an
exposure process using the lamps 190.

As the first undoped semiconductor layer 130A is grown by the exposure process
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using the lamps 190, an photo enhanced minority holes (Hm) are generated in the
crystal of the first undoped semiconductor layer 130A. Here, due to the mismatch
between the substrate 110 and the GaN layer crystal, dislocations Dt having positive
charges are generated in the first undoped semiconductor layer 130A. In addition, a
region 132 where no the photo enhanced minority holes exists is formed around the
dislocations Dt.

A chemical equation for generating the undoped GaN layer is as follows:

(CH;)3Ga(g) + NH;(g) — GaN(s) + 3CH,(g)

where, (g) means a gas-phase and (s) means a solid-phase.

By the chemical equation of the undoped GaN layer, peripheries of the dislocations
Dt are normally grown at a normal growing rate of 2um/hr. Regions except for the
peripheries of the dislocations Dt are grown at a relatively low growing rate lower than
the normal growing rate by 10-15% since the generation of intermediate products such
as holes (+) or electrons (-) that are generated by the above chemical equation is
disturbed. By this growing rate difference, a surface of the first undoped GaN layer
130A is uneven having protrusions and grooves.

The first undoped semiconductor layer 130A may be formed such that a dead zone
132 where the dislocations are generated is thicker than a zone where no dislocation
exists.

As the surface 131 of the first undoped semiconductor layer 130A is formed to be
uneven, the dislocations having a bad effect on a LED structural property may be
pinned and an area of the free surface increases.

Referring to Figs. 1 and 2, the first conductive semiconductor layer 140 is formed on
the first undoped semiconductor layer 130A. The first conductive semiconductor layer
140 may be an N-+type semiconductor layer doped with N-type dopants. The N-type
semiconductor layer may be formed of a compound semiconductor selected from the
group consisting of GaN, InN, AIN, InGaN, AlGaN, InAlGaN, AlInN. The N-type
dopants comprise at least one of Si, Ge, Sn, and Te. Since the first conductive semi-
conductor layer 140 is formed on the first undoped semiconductor layer 130A, the
crystal defect may be reduced.

The active layer 150 is formed on the first conductive semiconductor layer 140. The
active layer 150 may be formed in a single quantum well structure having an In ,Ga, ;N
well layer/GaN barrier layer or a cycle of the In,Ga, N well layer/Al,Ga, (N barrier
layer or a multi-quantum well structure. Here, the In ,Ga, N well layer and Al;Ga, ;N

barrier layer may be adjusted within a range of O<x<1, O<y<1. The semiconductor
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material for the active layer 150 may be varied in accordance with a wavelength of the
light emitted. That is, the semiconductor material for the active layer 150 is not spe-
cifically limited.

The second conductive semiconductor layer 160 is formed on the active layer 150.
The second conductive semiconductor layer 160 may be a P-type semiconductor layer
doped with Ptype dopants. The Ptype semiconductor layer may be formed of a
compound semiconductor selected from the group consisting of GaN, InN, AIN,
InGaN, AlGaN, InAlGaN, and AlInN. The Ptype dopants comprise at least one of
Mg, Zn, Ca, Sr, and Ba.

A third conductive semiconductor layer (not shown) may be formed on the second
conductive semiconductor layer 160. Here, the third conductive semiconductor layer
may be a Ntype semiconductor layer. The semiconductor light emitting device 100
may be formed in one of an N-P junction structure, a P-N junction structure, an N-P-N
junction structure, and a P-N-P junction structure. In addition, a structure comprising
at least the first conductive semiconductor layer 140, the active layer 150, and the
second conductive semiconductor layer 160 may be defined as a light emitting
structure. The light emitting structure may comprise a semiconductor layer emitting
electrons, a semiconductor layer emitting holes, and an active layer. Other layers may
be further formed on or under the semiconductor layers. However, the light emitting
structure is not limited to this configuration.

In the first embodiment, since the growing of the first undoped semiconductor layer
130A is formed by the exposure process using the lamps 190, the surface 131 of the
first undoped semiconductor layer 130A may be formed to be uneven. Therefore, the
crystal defect of the first conductive semiconductor layer 140 grown on the first
undoped semiconductor layer 130A is reduced and thus the first conductive semi-
conductor layer 140 may have an excellent crystalline. Further, the light emitting ef-
ficiency of the active layer 150 can be improved and diode properties such as the
inverse current, inverse voltage, and the like of the resulting LED structure can be
improved. Furthermore, An electrical tolerance such as electrostatic discharge (ESD)
can be enhanced.

In the embodiment, although the first undoped semiconductor layer 130A is grown
in-situ through the exposure process using the lamps 190, the first conductive semi-
conductor layer 140 may be also grown in-situ through the exposure process using the
lamps 190.

In addition, according to the first embodiment, at least one of the semiconductor
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layers 140, 150, and 160 on the first undoped semiconductor layer 130A may be grown
in-situ through the exposure process using the lamps 190. At this point, the photo
enhanced minority carriers suc as electrons and holes are generated in the layer
exposed to the light from the lamps 190 by the chemical reaction with materials
injected during the growing process. Therefore, the light emitting efficiency and
electrical tolerance of the active layer 150 can be enhanced.

Fig. 3 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 1.

Referring to Fig. 3, in a horizontal semiconductor light emitting device 100A, the
first conductive semiconductor layer 140 is exposed through a mesa etching process. A
first electrode 181 is formed on a portion of the first conductive semiconductor layer
140 and a second electrode 183 is formed on the second conductive semiconductor
layer 160.

Fig. 4 is a side sectional view of a vertical semiconductor light emitting device using
Fig. 1.

Referring to Fig. 4, in a vertical semiconductor light emitting device 100B, a re-
flective electrode layer 170 is formed on the second conductive semiconductor layer
160 and a conductive supporting substrate 175 is formed on the reflective electrode
layer 170. The substrate 110 of Fig. 1 is removed through a physical or/and chemical
process. A laser lift off (LLO) process that can remove the substrate 110 by irradiating
laser having a predetermined wavelength to the substrate 110 may be used as the
physical process. In the chemical process, wet etching solution is injected to the buffer
layer 120 or/and the first undoped semiconductor layer 130A between the substrate
110 and the first conductive semiconductor layer 140 to remove the buffer layer 120
or/and the first undoped semiconductor layer 130A and thus the substrate 110 is
removed.

A first electrode 181 may be formed under the first conductive semiconductor layer
140. Here, an undersurface of the first conductive semiconductor layer 140 may be
uneven to correspond to the uneven surface of the first undoped semiconductor layer
130A.

Figs. 5 to 8 illustrates a second embodiment.

Fig. 5 is a side sectional view of a semiconductor light emitting device according to a
second embodiment, and Fig. 6 is a view of a forming example of a quantum well
layer of an active layer of Fig. 5. In the first and second embodiments, like reference

numbers will be used to refer to like parts. The same parts as those of the first em-
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bodiment will not be described in this embodiment.

Referring to Figs. 5 and 6, a semiconductor light emitting device 101 comprises an
active layer 150A exposed to light from lamps 192. The active layer 150A comprises a
single quantum well structure or a multi-quantum well structure. The first undoped
semiconductor layer 130 or/and the buffer layer 120 of the first embodiment may be
not formed.

By supplying carrier gases such as nitrogen gas or/and hydrogen gas and atmospheric
gases such as NH ;, TMGa(or TEGa), TMIn at a predetermined growing temperature,
an In,Ga, N (0<x<1) quantum well layer 152 and a quantum barrier layer 154 are
grown to form the active layer 150A. The quantum well layer 152 may be formed of
InGaN and the quantum barrier layer 154 may be formed of GaN or AlGaN.

When the quantum well layer 152 is grown, a large amount of Ga vacancies are
generated. The Ga vacancies have negative charges to trap positrons.

The quantum well layer 152 is grown in-situ through an exposure process using the
lamps 192. An photo enhanced minority holes are generated in the quantum well layer
152 and trapped in the vacancies. Therefore, the quantum well layer 152 effectively
prevents the generation of the Ga vacancies in the InGaN having the negative charges.
That is, the Ga vacancies are neutralized by the photo enhanced minority holes
generated in the InGaN of the quantum well layer 152 and thus the trapping of the
positrons in the Ga vacancies is prevented, contributing to the emission of the light.

Since an amount of the free positrons of the active layer 150A may be increased,
nonvadiative recombination is reduced, thereby increasing the light emitting ef-
ficiency.

Fig. 7 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 5.

Referring to Fig. 7, in a horizontal semiconductor light emitting device 101A, a first
electrode 181 is formed on the first conductive semiconductor layer 140 and a second
electrode 183 is formed on the second conductive semiconductor layer 160. When a
forward current is applied to the first and second electrodes 181 and 183, the active
layer 150A emits light by the combination of the electrons and holes. At this point,
since the Ga vacancies are reduced in the active layer 150A, the free positrons
increase, thereby improving the light emitting efficiency.

Fig. 8 is a side sectional view of a vertical semiconductor light emitting device using
Fig. 5.

Referring to Fig. 8, in a vertical semiconductor light emitting device 101B, a re-
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flective electrode layer 170 and a conductive supporting substrate 175 are formed on a
second conductive semiconductor layer 160. The first undoped semiconductor layer
130, buftfer layer 120, and substrate 110 that are shown in Fig. 5 and disposed under
the first conductive semiconductor layer 140 are removed and the first electrode 181 is
formed under the first conductive semiconductor layer 140. The free positrons of the
active layer 150A incarease and thus the light emitting efficiency can be improved.

Figs. 9 to 13 illustrate a third embodiment.

Fig. 9 is a side sectional view of a semiconductor light emitting device according to a
third embodiment, Fig. 10 is a view of an example of a V-defect of a low-mol InGaN
layer in Fig. 9, and Fig. 11 is a view of a forming example of a low-mol InGaN layer
of Fig. 9. In the first and third embodiments, like reference numbers will be used to
refer to like parts. The same parts as those of the first embodiment will not be
described in this embodiment.

Referring to Fig. 9, a semiconductor light emitting device 102 comprises a low-mol
InGaN layer 145 having a small amount of indium. The low-mol InGaN layer 145 is
formed between the first conductive semiconductor layer 140 and the active layer 150
and increases internal quantum efficiency of the active layer 150.

The low-mol InGaN layer 145 may be grown to an InGaN spreading layer having a
small amount of indium or an InGaN barrier layer to control a strain of the active layer
150. Here, in the growing of the low-mol InGaN layer 118, an amount of the indium
doped may be less than 5% of an amount of the InGaN.

In the semiconductor light emitting device 102, the first undoped semiconductor
layer 130 or/and the buffer layer 120 between the first conductive semiconductor layer
140 and the substrate 110 may be omitted.

Referring to Fig. 10, when the indium is incorporated in the low-mol InGaN layer
145, the indium atoms are located on a (

1011

) facet rather than a (0001) facet. Therefore, when the low-mol InGaN layer 145
contains the indium, a large amount of V-defect 147 may be generated. A surface 146
of the layer containing the indium has a predetermined surface energy E. When the V-
defect 147 is generated, the surface energy E is altered to a surface energy E'

The surface energy E'can be expressed as follows:

E'=f(S, Ax)

Where, S is an energy that is generated as the (0001) facet is disappeared and the (
1011
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) facet is generated, and Ax is electric potential core energy. The V-defect 147 is con-
tinuously generated and increased until the surface 146 of the low-mol InGaN layer
145 has a minimum E' value. In addition, since the InGaN layer 145 is doped with the
indium, the (

1011

) facet is primarily grown than the (0001) facet 146 by the potential energy different
(e.g., 1.5-2V).

In order to prevent this, as shown in Fig. 11, the low-mol InGaN layer 145 is exposed
to the light from the lamps 194 in-situ. At this point, when the low-mol InGaN layer
145 is grown, the generation and growing of the V-defect 147 by the indium doping is
suppressed and thus the high quality InGaN layer can be grown.

That is, when the low-mol InGaN layer 145 is exposed to the light from the lamps
194 during being grown, an photo enhanced minority holes are generated in the crystal
of the low-mol InGaN layer 145. The photo enhanced minority holes disturb a surface
electric state of the (

1011

) facet to suppress the generation and growing of the V-defect 147 caused by the
indium. That is, the generated photo enhanced minority holes disturb a potential
energy for the (

1071

) facet of the V-defect 147 in the low-mol InGaN layer 145 to disturb the indium that
intends to keep adhering to the V-defect 147, thereby suppressing the growing of the
V-defect 147.

Since the low-mol InGaN layer 145 is grown by exposure process using the lamps
194, the generation and growing of the V-defect 147 generated by the doping of the
indium is suppressed, thereby growing a high quality InGaN layer 145. In addition, the
active layer 150 grown on the low-mol InGaN layer 145 is improved in its light
emitting efficiency and the diode property such as the inverse current and inverse
voltage of the resulting LED structure is improved, thereby enhancing the electrical
tolerance of the ESD and the like.

Fig. 12 is a side sectional view of a horizontal semiconductor light emitting device
using Fig. 9.

Referring to Fig. 12, a horizontal semiconductor light emitting device 102A
comprises a first conductive semiconductor layer 140, a low-mol InGaN layer 145, an

active layer 150, and a second conductive semiconductor layer 160. When the first
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conductive semiconductor layer 140 is exposed by a mesa ething process, the first
electrode 181 is formed on the first conductive semiconductor layer 140 and the
second electrode 183 is formed on the second conductive semiconductor layer 160.

Fig. 13 is a side sectional view of a vertical semiconductor light emitting device
using Fig. 9.

Referring to Fig. 13, in a vertical semiconductor light emitting device 102B, the first
electrode 181 is formed under the first conductive semiconductor layer 140 and the
low-mol InGaN layer 145, active layer 150, second conductive semiconductor layer
160, reflective electrode layer 170, and conductive supporting substrate 175 are se-
quentially formed on the first conductive semiconductor layer 140.

In this third embodiment, when the low-mol InGaN layer 145 having a small amount
of indium is formed under the active layer 150, the low-mol InGaN layer 145 is
exposed to the light from the lamps 194 (see Fig. 11) to suppress the generation and
growing of the V-defect caused when the indium is doped, thereby improving the light
emitting efficiency of the active layer 150.

Figs. 14 to 17 illustrate a fourth embodiment. Fig. 14 is a side sectional view of a
semiconductor light emitting device according to a fourth embodiment, and Fig. 15 is a
view of a lamp exposure example of a second conductive semiconductor layer of Fig.
14. In the first and fourth embodiments, like reference numbers will be used to refer to
like parts. The same parts as those of the first embodiment will not be described in this
embodiment.

Referring to Figs. 14 and 15, a semiconductor light emitting device 103 comprises a
substrate 110, a buffer layer 120, a first undoped semiconductor layer 130, a first
conductive semiconductor layer 140, an active layer 150, a second undoped semi-
conductor layer 155, and a second conductive semiconductor layer 160A.

The first undoped semiconductor layer 130 is an undoped GaN layer, which may be
exposed to light from the lamp. At least one of the buffer layer 120 and the first
undoped semiconductor layer 130 may be omitted.

The second undoped semiconductor layer 155 is grown on the active layer 150 and
the second conductive semiconductor layer 160A is grown on the second undoped
semiconductor layer 155. Here, the second undoped semiconductor layer 155 may be
an undoped GaN layer. A third undoped GaN layer may be formed on the second
conductive semiconductor layer 160A.

The second conductive semiconductor layer 160A is formed on the second undoped

semiconductor layer 155. At this point, the second conductive semiconductor layer
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160A is a Ptype semiconductor layer, i.e., a Ptype GaN layer, which is formed by
supplying carrier gas such as hydrogen gas, and TMGa, (EtCp ,Mg){Mg(C,HsCsH,),},
and NH3 at a predetermined growing temperature. Here, a thickness of the second
undoped semiconductor layer 155 is 10-500A and a thickness of the second conductive
semiconductor layer 160A is 10-2000A.

The second conductive semiconductor layer 160A is grown as a thin film. Since the
P-type dopants doped in the second conductive semiconductor layer 160A are
naturally diffused to the second undoped semiconductor layer 155, the second
conductive semiconductor layer 160A may be formed as the high quality semi-
conductor layer. Here, the Ptype dopants may be Mg but not be limited to this.

Since the second conductive semiconductor layer 160A is grown in-situ through an
exposure process using the lamps 196, the photo enhanced minority holes are
generated in the second undoped semiconductor layer 155 and thus the combination
between the photo enhanced minority holes and the H-ions may be induced. That is,
the photo enhanced minority holes disturbs the Mg-H bond to improve the con-
centration of the hole-carrier.

That is, when the second conductive semiconductor layer 160A is doped with Mg,
the Mg is bonded to H of NHj; to form Mg-H bond having an electrical insulation
property. Therefore, it is difficult to attain a high concentration second conductive
semiconductor layer 160A. However, when the second conductive semiconductor
layer 160A is grown in-situ through the exposure process using the lamps 196, the
photo enhanced minority electrons are generated and the generated photo enhanced
minority electrons are bonded to the Mg. Accordingly, the bonding of the Mg to the H-
ions that are used as atmospheric gas and carrier gas is prevented and thus the de-
terioration of the Hole-carrier concentration of the second conductive semiconductor
layer 160 can be prevented.

In addition, by generating the photo enhanced minority electrons using the lamp 196
when the second conductive semiconductor layer 160 is grown, the primary bond
between the generated photo enhanced minority electrons and the Mg-ions are
generated to prevent the Mg-H bond and incareases the hole concentration through a
heat treatment at a high temperature for a short time to the exclusion of the HN; and H,
gases. Therefore, the damage of the active layer 150 is reduced, thereby improving the
light emitting efficiency.

Fig. 16 is a side sectional view of a horizontal semiconductor light emitting device

using Fig. 14.



13

WO 2009/017338 PCT/KR2008/004359

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Referring to Fig. 16, a horizontal semiconductor light emitting device 11BA
comprises a first conductive semiconductor layer 140, an active layer 150, a second
undoped semiconductor layer 155, and a second conductive semiconductor layer
160A. When the first conductive semiconductor layer 140 is exposed through a mesa
etching process, a first electrode 181 is formed on the first conductive semiconductor
layer 140 and a second electrode 183 is formed on the second conductive semi-
conductor layer 160A.

Fig. 17 is a side sectional view of a vertical semiconductor light emitting device
using Fig. 14.

Referring to Fig. 17, in a vertical semiconductor light emitting device 103B, a first
electrode 181 is formed under a first conductive semiconductor layer 140, and an
active layer 150, a second undoped semiconductor layer 155, a second conductive
semiconductor layer 160A, a reflective electrode layer 170, and a conductive
supporting substrate 175 are sequentially formed on the first conductive semiconductor
layer 140.

In the fourth embodiment, when the second undoped semiconductor layer 155 and
the second conductive semiconductor layer 160A are grown on the active layer 150,
the second conductive semiconductor layer 160A is exposed to light from the lamps to
form an photo enhanced minority electrons. Therefore, the Mg-H bond is prevented in
the second conductive semiconductor layer 160A and the hole concentration can be
improved. In addition, since an amount of Ptype dopants can be reduced and thus the
damage of the active layer 150 can be reduced.

Meanwhile, when growing the semiconductor light emitting devices 100, 101, 102,
and 103 in accordance with the first to fourth embodiments, at least one of the semi-
conductor layers is grown in-situ through an exposure process using lamps. At this
point, the semiconductor layer exposed to the light from the lamps generates an photo
enhanced minority carriers such as electrons and holes through a chemical reaction
with materials implanted during the growing process. Therefore, the light emitting ef-
ficiency or electrical tolerance can be enhanced.

Here, the lamps disclosed in the embodiments are lamps for performing the photo
electro luminescence growing. For example, the lamps may be mercury lamps, Xray
lamps, E-beam lamps, and halogen lamps, and combination thereof. However, the
lamps are not limited to these. In addition, different or same lamps may be used for
different semiconductor layers.

Further, features of each embodiment may be applied to other embodiments. That is,
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[106]

[107]

[108]
[109]

[110]
[111]

[112]

the features of the embodiments are not limited to the above description. For example,
the first undoped semiconductor layer of the first embodiment, the active layer of the
second embodiment, the low-mol InGaN layer of the third embodiment, and the
second undoped semiconductor layer and the second conductive semiconductor layer
of the fourth embodiment can be selectively applied to other embodiments.

In addition, the exposing time of the semiconductor layers to the light from the lamps
may be proportional to, greater than, or less than the growing time of the cor-
responding semiconductor layers.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.

Industrial Applicability

The embodiments can improve light emission efficiency of an active layer.

The embodiments can improve a diode electrical property such as an inverse current,
an inverse voltage, and the light of a semiconductor light emitting device.

The embodiments can enhance an electrical tolerance such as ESD.

The Embodiments can provide a first conductive semiconductor layer that has an

excellent crystalline.
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Claims

A semiconductor light emitting device comprising:

a light emitting structure layer comprising a first semiconductor layer emitting
electrons, a second semiconductor layer emitting holes and an active layer
emitting light by combination of the electrons and holes,

wherein at least one of the light emitting structure layer comprises an photo
enhanced minority carriers.

The semiconductor light emitting device according to claim 1, wherein the first
semiconductor layer comprises a first conductive semiconductor layer and a first
undoped semiconductor layer spaced apart from the active layer than the first
conductive semiconductor layer; and

the first undoped semiconductor layer comprises an photo enhanced minority
holes generated by the exposure process.

The semiconductor light emitting device according to claim 2, wherein a surface
of the first undoped semiconductor layer is formed in a roughness shape by the
photo enhanced minority holes.

The semiconductor light emitting device according to claim 2, wherein the
undoped semiconductor layer has a first region where a defect is generated and a
second region where no defect exists and the second region is thinner than the
first region.

The semiconductor light emitting device according to claim 1, wherein the first
semiconductor layer comprises a first conductive semiconductor layer and a low-
mol InGaN layer formed between the first conductive semiconductor layer and
the active layer and having a small amount of indium; and

the low-mol InGaN layer suppresses generation and growing of a V-defect
caused by the indium by using the photo enhanced minority holes generated by
the exposure process.

The semiconductor light emitting device according to claim 1, wherein the active
layer comprises a single or multi-quantum well structure comprising an InGaN
quantum well layer and an quantum barrier layer; and

the InGaN quantum well layer prevents generation of Ga vacancies of the InGaN
quantum well layer by using the photo enhanced minority holes generated by the
exposure process.

The semiconductor light emitting device according to claim 1, wherein the
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[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

second semiconductor layer comprises a second conductive semiconductor layer
and a second undoped semiconductor layer formed between the active layer and
the second conductive semiconductor layer; and

the second semiconductor layer comprises an photo enhanced minority electrons
and the photo enhance minority electrons form a primary bond with second
conductive dopant ions.

The semiconductor light emitting device according to claim 7, wherein the
second undoped semiconductor layer has a thickness of 10-500A and the second
conductive semiconductor layer has a thickness of 10-2000A

The semiconductor light emitting device according to claim 1, wherein the first
semiconductor layer comprises a roughness shape.

The semiconductor light emitting device according to claim 1, wherein the
exposure process is performed by a lighting source and the lighting source
comprises at least one of a mercury lamp, an X+ay lamp, an E-beam lamp, and a
halogen lamp.

A semiconductor light emitting device comprising:

a light emitting structure layer comprising a first semiconductor layer comprising
at least one of a first undoped semiconductor layer, a first conductive semi-
conductor layer, and a low-mol InGaN layer; an active layer on the first semi-
conductor layer; and a second semiconductor layer on the active layer,

wherein at least one of the light emitting structure layer comprises an photo
enhanced minority carriers.

The semiconductor light emitting device according to claim 11, wherein the
photo enhanced minority carriers is comprised in one of the first undoped semi-
conductor layer, first conductive semiconductor layer, and low-mol InGaN layer.
The semiconductor light emitting device according to claim 11, wherein the low-
mol InGaN layer is formed between the first conductive semiconductor layer and
the active layer and comprises 5% or less of In exposed through an exposure
process.

The semiconductor light emitting device according to claim 11, wherein the
second semiconductor layer comprises a second conductive semiconductor layer
and a second undoped semiconductor layer between the active layer and the
second conductive semiconductor layer.

The semiconductor light emitting device according to claim 11, wherein the

active layer comprises a single or multi-quantum well structure comprising an
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[16]

[17]

[18]

[19]

[20]

InGaN quantum well layer and an quantum barrier layer; and

the InGaN quantum well layer comprises an photo enhanced minority holes
generated through an exposure process.

A method of manufacturing a semiconductor light emitting device, the method
comprising:

forming first semiconductor layer;

forming an active layer on the first semiconductor layer;

and forming a second semiconductor layer on the active layer,

wherein at least one of the layers is grown through an exposure process.

The method according to claim 16, wherein the forming of the first semi-
conductor layer comprises forming a first undoped semiconductor layer and
forming a first conductive semiconductor layer on the first undoped semi-
conductor layer, wherein the first undoped semiconductor layer is grown through
the exposure process, in the course of which an photo enhanced minority holes
are generated.

The method according to claim 16, wherein the active layer comprises a single or
multi-quantum well structure comprising an quantum barrier layer and an an
InGaN quantum well layer, wherein the InGaN quantum well layer is grown
through the exposure process, in the course of which an photo enhanced minority
holes are generated.

The method according to claim 16, wherein the forming of the first semi-
conductor layer comprises forming a first conductive semiconductor layer and
forming a low-mol InGaN layer having a small amount of indium on the first
conductive semiconductor layer, wherein the low-mol InGaN layer is grown
through the exposure process, in the course of which an photo enhanced minority
holes are generated.

The method according to claim 16, wherein the forming of the second semi-
conductor layer comprises forming a second undoped semiconductor layer on the
active layer and forming a second conductive semiconductor layer on the second
undoped semiconductor layer, wherein the second conductive semiconductor
layer is grown through the exposure process, in the course of which an photo

enhanced minority electrons are generated.
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