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(57) ABSTRACT

[A semiconductor light emitting device and a fabrication
method thereof includes: providing a substrate; forming an
n-type semiconductor layer, a light emitting layer, a p-type
semiconductor layer on the substrate; forming a first trans-
parent electrode having holes per a certain region on the
p-type semiconductor layer; and forming a first pad on the
first transparent electrode.] A method of fabricating a semi-
conductor light emitting device, and which includes forming
a light emitting layer on the first type semiconductor layer;
forming a second type semiconductor layer on the light emit-
ting layer; forming a first transparent electrode on the second
type semiconductor layer, the first transparent electrode hav-
ing holes per a certain region to thereby expose the second
type semiconductor layer; forming a second transparent elec-
trode on the first transparent electrode; forming a first pad on
the second transparent electrode; and forming a second pad
over the first type semiconductor layer. Further, the first
transparent electrode is in the shape of columns with gaps
therebetween on the second type semiconductor layer, and the
second transparent electrode completely covers the first
transparent electrode and fills the gaps of the first transparent
electrode.

4 Claims, 10 Drawing Sheets
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SEMICONDUCTOR LIGHT EMITTING
DEVICE WITH TRANSPARENT ELECTRODE
HAVING HOLES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a reissue of U.S. Pat. No. 7,109,048 B2
issued on Sep. 19, 2006, and the entire contents of the patent
are hereby incorporated by reference.

This Nonprovisional application claims priority under 35
U.S.C. § 119(a) on patent application Ser. No(s). 10-2003-
0067968 and 10-2003-0067802 filed in Korea, Republic of on
Sep. 30, 2003, the entire contents of which are hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor light
emitting device, and more particularly, to a semiconductor
light emitting device capable of maximizing an emission of
light generated at a light emitting layer to outside and easily
spreading a current to the light emitting layer, and a fabrica-
tion method thereof.

2. Description of the Related Art

Generally, a semiconductor is a direct transition type, and
has been used to form a light emitting wavelength from a red
region to a purple region and an ultraviolet ray region due to
a high light emitting efficiency. As the understanding for a
growing method and a structure of the semiconductor is
increased, characteristics of a light emitting device, that is, a
brightness, a driving voltage, or a static characteristic have
been improved.

However, in spite of these efforts, a high output and a low
driving voltage are much required, and a nitride semiconduc-
tor light emitting device that outputs a long wavelength (yel-
low and red) and a short wavelength (ultraviolet rays) has to
be continuously researched. FIG. 1 shows a structure of a
nitride semiconductor light emitting device in accordance
with the conventional art.

As shown, the conventional nitride semiconductor light
emitting device comprises: a sapphire substrate 10; an
n-doped GaN layer 11 on the sapphire substrate 10; a light
emitting layer 12; a p-GaN layer 13; a transparent electrode
14 formed on the p-GaN layer 13; a p-pad electrode 15 on the
transparent electrode 14; and an n-pad electrode 16 formed on
the n-GaN layer 11 exposed by vertically mesa-etching from
the p-GaN layer 13 to a part of the n-GaN layer 11.

FIG. 2 is a view showing a structure of another nitride
semiconductor light emitting device, that is, a Top-down elec-
trode type semiconductor light emitting device in accordance
with the conventional art. As shown, on a silicon carbide
(SiC) substrate 20, an n-GaN layer 21, a light emitting layer
22, a p-GaN layer 23, and a transparent electrode 24 are
sequentially formed. An n-pad electrode 26 is formed below
the silicon carbide substrate 20, and a p-pad electrode 25 is
formed on the transparent electrode 24.

In the conventional nitride semiconductor light emitting
device, the transparent electrode lowers a driving voltage of a
device by facilitating a current spread, and enhances a quan-
tum efficiency by emitting light generated at a light emitting
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layer to outside. As the transparent electrode, a metal such as
Ni or Au, or a TCO-based oxide such as ITO or IZO are used.

In case of using a metal such as Ni or Au as the transparent
electrode, a current spread to the p-GaN layer can be facili-
tated by lowering an ohmic contact resistance of the p-GaN
layer. However, a metal oxide generated at the time of depos-
iting the transparent electrode prevents light generated from a
light emitting layer from being emitted outwardly, thereby
lowering a light transmittance.

Therefore, in order to increase the light transmittance, a
TCO-based oxide such as ITO or 1ZO is used. However, in
case of using the TCO-based oxide, a contact resistance
between a P-type nitride semiconductor layer and a TCO
electrode is very great thereby to increase a driving voltage.

The transparent electrode can be formed as a layer more
than two by using a metal oxide generating metal such as Ni,
Pd, Pt, etc. and a current spreading metal such as Au, etc. As
the transparent electrode, Ni and Au are mainly used.

For example, a first metal layer is deposited on the p-GaN
layer by using the metal oxide generating metal, Ni, and then
a second metal layer is deposited on the first metal layer by
using a current spreading metal, Au, thereby forming a trans-
parent electrode.

At this time, a metal oxide such as NiO is formed as said Ni
is oxidized. The metal oxide supplies a hole to the p-GaN
layer.

However, since said metal oxide has an inferior conductiv-
ity, a spread of a current supplied from outside to the light
emitting layer is prevented. According to this, it is necessary
to prevent the metal oxide from being excessively formed.

However, in said general method, that is, in a method for
forming a transparent electrode by depositing a metal layer
more than two layers on a p-GaN by a separate deposition
process, much metal oxide is entirely generated from an
interface between the p-GaN layer and the metal layer to the
uppest metal layer.

FIG. 3 schematically shows a sectional surface of a trans-
parent electrode formed on a P-type nitride semiconductor in
accordance with the conventional art. Referring to FIG. 3,
GaN, III-V group compound is formed on a sapphire sub-
strate, then Ni and Au are sequentially deposited on the
p-doped GaN layer, and then a thermal annealing is per-
formed to obtain a transparent electrode.

As shown, when the thermal annealing is performed after
sequentially depositing Ni and Au, Au of an island shape is
formed on the p-doped GaN layer 13 and the Ni is oxidized
thereby to form an oxide metal. At this time, the metal oxide
supplies a hole to a p-GaN layer, and said Au facilitates a
spread of the hole supplied from the metal oxide to the light
emitting layer.

FIG. 4 is a view showing a distribution of Au and NiO
according to a thickness of a transparent electrode in accor-
dance with the conventional art. In the experiment, a sapphire
substrate was used as a substrate, a GaN, III-V group com-
pound was used as a nitride semiconductor, Ni and Au were
sequentially deposited on the p-doped GaN layer to form a
transparent electrode, and a thickness of the transparent elec-
trode was approximately 1 nm~100 nm. Also, a thermal
annealing for forming the transparent electrode was per-
formed at a temperature of approximately 600° C., and an
allowance error range of the temperature in the thermal
annealing was approximately £100° C. At this time, the ther-
mal annealing was performed in an atmosphere that a little
amount of oxygen is mixed to nitrogen, and a rapid thermal
annealing (RTA) device was used for the thermal annealing.

As shown from the graph, Au is concentrated on the surface
of the P-GaN, and NiO is decreased from the surface thereof
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to the interface between the P-GaN. Also, on the surface of the
P-GaN, Au and NiO are similarly distributed.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a
nitride semiconductor light emitting device capable of maxi-
mizing an emission of light generated at a light emitting layer
to outside, and a fabrication method thereof.

Another object of the present invention is to provide a
nitride semiconductor light emitting device capable of facili-
tating a current spread to a light emitting layer of a semicon-
ductor light emitting device, and a fabrication method
thereof.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided a fabrication
method of a semiconductor light emitting device comprising:
providing a substrate; sequentially forming an n-type semi-
conductor layer, a light emitting layer, a p-type semiconduc-
tor layer on the substrate; forming a first transparent electrode
having holes per a certain region on the p-type semiconductor
layer; and forming a first pad on the first transparent elec-
trode.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is also provided a semicon-
ductor light emitting device comprising: an n-type semicon-
ductor layer formed on the substrate; a light emitting layer
formed on the n-type semiconductor layer; a p-type semicon-
ductor layer formed on the light emitting layer; a first trans-
parent electrode having holes per a certain region on the
p-type semiconductor layer; and a first pad formed on the first
transparent electrode.

According to another embodiment of the present invention,
a fabrication method of a semiconductor light emitting device
comprises: providing a substrate; sequentially forming an
n-type semiconductor layer, a light emitting layer, a p-type
semiconductor layer on the substrate; depositing a metal
group that at least one metal oxide generating metal and at
least one current spreading metal are mixed on the p-type
semiconductor layer, and thereby forming a first transparent
electrode; and forming a first pad on the p-type semiconduc-
tor layer.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIGS. 1 and 2 show one embodiment of a nitride semicon-
ductor light emitting device in accordance with the conven-
tional art;

FIG. 3 is a graph schematically showing a structure of a
transparent electrode of the nitride semiconductor light emit-
ting device in accordance with the conventional art;

FIG. 4 is a view showing a distribution of Au and NiO
formed on a P-type semiconductor in accordance with the
conventional art;
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FIGS. 5A to 5E are processing section views showing a
fabrication method of a semiconductor light emitting device
according to one embodiment of the present invention;

FIG. 6 is a view taken along line A-A of FIG. 5E;

FIGS. 7A to 7D are processing section views showing a
fabrication method of a semiconductor light emitting device
according to a second embodiment of the present invention;

FIG. 8 is a view taken along line B-B of FIG. 7D;

FIGS. 9A to 9D are processing section views showing a
fabrication method of a semiconductor light emitting device
according to a third embodiment of the present invention;

FIGS. 10A to 10C are processing section views showing a
fabrication method of a semiconductor light emitting device
according to a fourth embodiment of the present invention;

FIG. 11 is a view schematically showing a structure of a
transparent electrode of a semiconductor light emitting
device according to the present invention; and

FIG. 12 is a graph showing a distribution of Au and NiO
formed on a p-type semiconductor according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

Hereinafter, a nitride semiconductor light emitting device
and a fabrication method thereof according to the present
invention will be explained with reference to the attached
drawings.

FIGS. 5A to 5E are processing section views showing a
fabrication method of a semiconductor light emitting device
according to one embodiment of the present invention.

As shown in FIG. 5A, according to one embodiment of the
present invention, an n-type nitride semiconductor layer 31, a
light emitting layer 32, and a p-type nitride semiconductor
layer 33 are sequentially formed on a substrate 30.

That is, a nitride semiconductor layer is grown on the
substrate 30 by using a metal organic vapor phase epitaxy
growing method, etc. Then, an n-type impurity is doped
thereby to form the n-type nitride semiconductor layer 31.
Next, the light emitting layer 32 and a nitride semiconductor
layer are sequentially deposited on the n-type nitride semi-
conductor layer 31, then the nitride semiconductor layer is
grown with a certain thickness, and a p-type impurity is
doped, thereby forming the p-type nitride semiconductor
layer 33.

The substrate 30, a hetero-substrate may be formed of a
sapphire substrate or a silicon carbide (SiC) substrate.

The n-type nitride semiconductor layer 31 can be formed
with a thickness corresponding to 1 pm~500 pum, approxi-
mately. As the n-type impurity, one of Si, Ge, Se, S, Te, etc.
can be selected.

The p-type nitride semiconductor layer 33 may be formed
of GaN, AlGaN, and InGaN with a thickness corresponding
to 0.1 um~100 pm, approximately. As the p-type impurity,
one of Be, Sr, Ba, Zn, Mg, etc. can be selected.

When the n-type nitride semiconductor layer 31, the light
emitting layer 32, and the p-type nitride semiconductor layer
33 are sequentially formed on the substrate 30, a mesa etching
is partially performed from the p-type nitride semiconductor
layer 33 to the n-type nitride semiconductor layer 31 in a
vertical direction. According to this, as shown in FIG. 5B, a
part of the n-type nitride semiconductor layer 31 is exposed.

Then, on the p-type nitride semiconductor layer 33 that
remains without being etched in said etching process, one
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transparent conductive metal of Ni, Au, Pd, Pt, Pu, Ir, etc. or
a mixture of at least two therebetween is deposited thereby to
form a single metal layer or a multi-metal layer. Then, the
deposited metal layer is patterned thereby to form a first
transparent electrode 34 having a plurality of holes 34a
repeatedly-formed per a certain region, as shown in FIG. 5C.
Herein, the term of “transparent’ denotes the time when a light
transmittance is more than 10%, which does not denote no
color or a transparency.

Then, as shown in FIG. 5D, a transparent conducting oxide
(TCO)-based second transparent electrode 35 can be formed
on the first transparent electrode 34 where the holes 34a are
repeatedly patterned per a certain region. That is, the TCO-
based oxide, for example, one oxide selected from a group of
ITO, 170, ZnO, AZO, CdO, MgO, etc. is deposited and
thermally annealed thereby to form the second transparent
electrode 35.

The second transparent electrode 35 is for enhancing an
emission efficiency of light generated at the light emitting
layer 32 thus to be emitted from the first transparent electrode
34 and the holes 34 to outside. That is, when light generated
from the light generating layer 32 by a current supplied from
outside is emitted to the second transparent electrode 35
through the first transparent electrode 34 and the hole 34a, an
outside area that the emitted light can reach is obtained to the
maximum thereby to facilitate an emission of the light to
outside.

Finally, on the respective second transparent electrode 35
and the exposed n-type nitride semiconductor layer 31a, one
of Ni, Cr, Al, Au, Pt, Ti, etc. or a mixture of at least two
therebetween is deposited and then is patterned. According to
this, as shown in FIG. 5E, a first pad 36 for electrically
connecting the second transparent electrode 35 to an external
terminal, and a second pad 37 for electrically connecting the
exposed n-type nitride semiconductor layer 31a to an external
terminal are respectively formed.

When the second transparent electrode 35 is not formed,
the first pad 36 is formed on the first transparent electrode 34.
In the present invention, the second transparent electrode 35
can be formed or can not be formed.

FIG. 6 is a view taken along line A-A of FIG. 5E, which
shows a nitride semiconductor light emitting device fabri-
cated according to the first embodiment of the present inven-
tion.

As shown, the nitride semiconductor light emitting device
according to the present invention comprises: a substrate 30;
an n-type nitride semiconductor layer 31 formed on the sub-
strate 30; a light emitting layer 32 formed on the n-type
semiconductor layer 31; a p-type semiconductor layer 33
formed on the light emitting layer 32; a first transparent
electrode 34 formed as a transparent electrode forming metal
is deposited on the p-type semiconductor layer 33 and then is
patterned so that holes are repeatedly formed per a certain
region; a second transparent electrode 35 formed on the first
transparent electrode 34; and first and second pads 36 and 37
respectively formed on the second transparent electrode 35
and the n-type semiconductor layer 31.

Since the first transparent electrode 34 is formed of a trans-
parent conductive metal, an ohmic contact resistance of the
p-type nitride semiconductor layer 33 is lowered thereby to
facilitate a spread of a current supplied from an external
power source thus to be transmitted to the first transparent
electrode 34 through a pad electrode formed in the later
process to the light emitting layer 32.

Therefore, when compared to the conventional art in which
the TCO electrode is used as a transparent electrode, in the
present invention, a driving voltage can be more lowered
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since a contact resistance between the p-type nitride semicon-
ductor layer and the TCO electrode is less. That is, in the
present invention, since a current spread to the light emitting
layer can be facilitated, a spread of the same amount of
current to the light emitting layer can be performed even with
a driving voltage lower than the conventional driving voltage.

Also, in the present invention, holes are formed per a cer-
tain region on the transparent electrode, so that a light trans-
mittance can be more increased when compared to the con-
ventional case that Ni and Au are used. That is, in the
conventional art, the hole region is not formed. Therefore,
when a certain amount of current is supplied to the light
emitting layer, a metal oxide generated on the transparent
electrode layer shields a part of light generated from the light
emitting layer thus to be emitted to outside thereby to lower a
light transmittance. On the contrary, in the present invention,
even if a metal oxide for shielding a light emission is gener-
ated on the transparent electrode layer, a light transmittance to
outside can be increased since holes are formed per a certain
region on the transparent electrode layer.

That is, in the present invention, in order to prevent a
phenomenon that light emitted outwardly is decreased since a
light transmittance is lowered due to a metal constituting the
first transparent electrode, an area occupied by a metal at the
first transparent electrode is minimized with maintaining an
ohmic contact and holes are formed at the rest part for a light
transmittance. According to this, light can be easily emitted
upwardly.

In the present invention, a transparent conductive metal is
deposited onthe p-type nitride semiconductor layer deposited
on the light emitting layer, and then is patterned thereby to
form the first transparent electrode having a plurality of holes.
According to this, a current supplied from outside can be
easily spread to the light emitting layer through a pad elec-
trode formed in the later process, and light generated from the
light emitting layer can be easily emitted to outside through
the hole formed per a certain region.

The present invention can be also applied to a Top-down
electrode type semiconductor light emitting device where a
silicon carbide (SiC) substrate is used.

FIGS. 7A to 7D are processing section views showing a
fabrication method of a semiconductor light emitting device
according to a second embodiment of the present invention
applied to a Top-down electrode type semiconductor light
emitting device.

As shown in FIG. 7A, according to the second embodiment
of the present invention, an n-type nitride semiconductor
layer 41, a light emitting layer 42, and a p-type nitride semi-
conductor layer 43 are sequentially formed on a substrate 40.

That is, a nitride semiconductor layer is grown on the
substrate 40 by using a metal organic vapor phase epitaxy
growing method, etc. Then, an n-type impurity is doped
thereby to form the n-type nitride semiconductor layer 41.
Next, the light emitting layer 42 and a nitride semiconductor
layer are sequentially deposited on the n-type nitride semi-
conductor layer 41, then the nitride semiconductor layer is
grown with a certain thickness, and a p-type impurity is
doped, thereby forming the p-type nitride semiconductor
layer 43.

The substrate 40, a hetero-substrate may be formed of a
silicon carbide (SiC) substrate.

Then, on the p-type nitride semiconductor layer 43, one
transparent conductive metal of Ni, Au, Pd, Pt, Pu, Ir, etc. or
a mixture of at least two therebetween is deposited thereby to
form a single metal layer or a multi-metal layer. Then, the
deposited metal layer is patterned thereby to form a first



US RE45,217E

7

transparent electrode 44 having a plurality of holes 44a
repeatedly-formed per a certain region, as shown in FIG. 7B.

Then, as shown in FIG. 7C, a transparent conducting oxide
(TCO)-based second transparent electrode 45 is formed on
the first transparent electrode 44. That is, the TCO-based
oxide, for example, one oxide selected from a group of ITO,
170, ZnO, AZO, CdO, MgO, etc. is deposited on the first
transparent electrode 44 and thermally annealed at a tempera-
ture of 400° C.~1000° C. thereby to form the second trans-
parent electrode 45.

Then, as shown in FIG. 7D, on the second transparent
electrode 45 and on the rear surface of the substrate 40, one of
Ni, Cr, Al, Au, Pt, Ti, etc. or a mixture of at least two ther-
ebetween is deposited and then is patterned. According to
this, as shown in FIG. 5E, a first pad 46 for electrically
connecting the second transparent electrode 45 to an external
terminal, and a second pad 47 for electrically connecting the
substrate 40 to an external terminal are respectively formed.

FIG. 8 is a view taken along line B-B of FIG. 7D, which
shows a semiconductor light emitting device fabricated
according to the second embodiment of the present invention.

As shown, the semiconductor light emitting device accord-
ing to the second embodiment of the present invention com-
prises: a substrate 40 formed of a silicon carbide (SiC), etc.;
an n-type semiconductor layer 41 formed on the substrate 40;
a light emitting layer 42 formed on the n-type semiconductor
layer 41; a p-type semiconductor layer 43 formed on the light
emitting layer 42; a first transparent electrode 44 formed as a
transparent electrode forming metal is deposited on the
p-type semiconductor layer 43 and then is patterned so that
holes are repeatedly formed per a certain region; a plate-type
second transparent electrode 45 formed on the first transpar-
ent electrode 44; and first and second pads 46 and 47 respec-
tively formed on the second transparent electrode 45 and on
the rear surface of the substrate 40.

As aforementioned in the first and second embodiments of
the present invention, a transparent electrode that facilitates a
current spread to the light emitting layer is formed on the
p-type semiconductor layer thereby to reduce a contact resis-
tance of the p-type semiconductor layer. According to this, a
driving voltage can be more lowered when compared to the
conventional art where a TCO-based transparent electrode is
used. Also, the transparent electrode is patterned thus to form
a plurality of holes that expose a part of the p-type semicon-
ductor layer, thereby increasing a light transmittance that
light generated from the light emitting layer is emitted to
outside. According to this, when compared to the conven-
tional light emitting device where a conductive metal such as
Ni, Au, etc. is used as a transparent electrode, a light emitting
efficiency of the light emitting device of the present invention
can be more increased.

In the first and second embodiments of the present inven-
tion, the n-type semiconductor layer, the light emitting layer,
and the p-type semiconductor layer are formed of a nitride
semiconductor. However, the present invention is not limited
to the nitride semiconductor. That is, the present invention can
include all light emitting devices that the transparent elec-
trode formed on the p-type semiconductor is formed of a
conductive metal having a plurality of holes.

The present invention is to provide a semiconductor light
emitting device capable of facilitating a current spread to the
light emitting layer from the transparent electrode by greatly
reducing a contact resistance between the p-type semicon-
ductor layer and the transparent electrode.

That is, in case of forming the transparent electrode on the
p-type semiconductor layer by sequentially depositing Niand
Au in accordance with the conventional art, NiO formed as
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said Ni is oxidized has an inferior conductivity thereby to
shield a spread of a current supplied from outside to the light
emitting layer.

According to this, in the present invention, Ni and Au are
simultaneously deposited thus to prevent the metal oxide NiO
from being excessively formed, thereby minimizing a
restraint of a current spread to the light emitting layer due to
the metal oxide.

FIGS. 9A to 9D are processing section views showing a
fabrication method of a semiconductor light emitting device
according to a third embodiment of the present invention to
increase an ohmic characteristic between the p-type nitride
semiconductor layer and the transparent electrode formed
thereon.

As shown in FIG. 9A, first, a sapphire substrate 50 is
prepared. Then, a nitride semiconductor is grown on the sub-
strate 50 with a certain thickness by using a metal organic
vapor phase epitaxy growing method, etc. Then, an n-type
impurity is doped thereby to form an n-type semiconductor
layer 51. Next, a light emitting material and a nitride semi-
conductor layer are sequentially deposited on the n-type
semiconductor layer 51, then a p-type impurity is doped on
the nitride semiconductor thereby to form a p-type semicon-
ductor layer 53.

The n-type semiconductor layer 51 can be formed with a
thickness corresponding to 1 pm~500 pm, approximately. As
the n-type impurity, one of Si, Ge, Se, S, Te, etc. can be
selected. The p-type semiconductor layer 53 may be formed
with a thickness corresponding to 0.1 pm~100 pm, approxi-
mately. As the p-type impurity, one of Be, Sr, Ba, Zn, Mg, etc.
can be selected.

As shown in FIG. 9B, a mesa etching is partially performed
from the p-type semiconductor layer 53 to the n-type semi-
conductor layer 51 in a vertical direction, thereby exposing a
part of the n-type semiconductor layer 51.

Then, a metal group that at least one metal oxide generating
metal and at least one current spreading metal are mixed is
deposited on the p-type semiconductor layer 53, thereby
forming a transparent electrode 54 as shown in FIG. 9C.

That is, the transparent electrode 54 is formed by deposit-
ing a metal group that at least one metal oxide generating
metal such as Ni, Pd, Pt, Pu, Ir, Zn, Mg and at least one current
spreading metal such as Au are mixed on the p-type semicon-
ductor layer 53. At this time, it is the most preferable to
deposit a metal group that Ni and Au are mixed. Then, a
thermal annealing was performed in an atmosphere that a
little amount of oxygen is mixed to nitrogen at a temperature
of 400° C.~1000° C., thereby facilitating an ohmic contact
between the p-type semiconductor layer 53 and the transpar-
ent electrode 54.

It is also possible to pattern the transparent electrode 54
thereby to form a plurality of holes 54a that expose a part of
the p-type semiconductor layer 53.

As aforementioned in the first and second embodiments of
the present invention, the holes 54a minimize a shield of light
generated from the light emitting layer 52 by the transparent
electrode 54, and enhance a light emission to outside. In the
preferred embodiment, the holes can be formed or can not be
formed. However, in case of forming the holes at the trans-
parent electrode 54, a light transmittance can be more
increased than a case that the holes are not formed.

As shown in FIG. 9D, on the transparent electrode 54 and
on the rear surface of the substrate 50, one of Ni, Cr, Al, Au,
Pt, Ti, etc. or a mixture of at least two therebetween is depos-
ited and then is patterned. According to this, a first pad 56 for
electrically connecting the transparent electrode 55 to an
external terminal, and a second pad 57 for electrically con-
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necting the exposed n-type nitride semiconductor layer 51 a
to an external terminal are respectively formed.

Although not shown, a TCO-based transparent electrode
can be further formed on the transparent electrode. In this
case, the first and second pads are formed on the TCO-based
transparent electrode.

The fabrication method of a semiconductor light emitting
device for forming a transparent electrode by simultaneously
depositing a metal oxide generating metal and a current
spreading metal on the p-type nitride semiconductor layer can
be applied to a fabrication method of a Top-down electrode
type semiconductor light emitting device.

FIGS. 10A to 10C are processing section views showing a
fabrication method of a Top-down electrode type semicon-
ductor light emitting device according to a fourth embodi-
ment of the present invention.

As shown in FIG. 10A, an n-type semiconductor layer 61,
alight emitting layer 62, and a p-type semiconductor layer 63
are sequentially formed on a substrate 60. Said process is the
same as that of the third embodiment.

Then, ametal group that at least one metal oxide generating
metal such as Ni, Pd, Pt, Pu, Ir, Zn, Mg and at least one current
spreading metal such as Au are mixed is deposited on the
p-type semiconductor layer 63, thereby forming a transparent
electrode 64 as shown in FIG. 10B. At this time, it is the most
preferable to form the transparent electrode 64 by depositing
a metal group that Ni and Au are mixed and by performing a
thermal annealing in an atmosphere such as nitrogen or oxy-
gen at a temperature of 300° C.~1000° C.

The transparent electrode 64 can be fabricated as various
shapes such as a stripe shape or a mesh stripe shape. In the
present invention, the shape of the transparent electrode 64 is
not limited to a specific one.

It is also possible to form the hole 64a that exposes a part of
the p-type semiconductor layer 63 by patterning the transpar-
ent electrode 64 like in the aforementioned embodiment.

Finally, as shown in FIG. 10C, on the transparent electrode
64 and on the rear surface of the substrate 60, one of Ni, Au,
Pt, Ti, etc. or a mixture of at least two therebetween is depos-
ited and then is patterned. According to this, a first pad 66 for
electrically connecting the transparent electrode 64 to an
external terminal, and a second pad 67 for electrically con-
necting the substrate 60 to an external terminal are respec-
tively formed.

Although not shown, a TCO-based transparent electrode
can be further formed on the transparent electrode. In this
case, the first and second pads are formed on the TCO-based
transparent electrode.

In the third and fourth embodiments of the present inven-
tion, a metal group that at least one metal oxide generating
metal and at least one current spreading metal are mixed is
deposited on the p-type semiconductor layer thereby to form
the transparent electrode. At the time of depositing the metal
group, an interface between the p-type semiconductor layer
and the transparent electrode is oxidized, and thereby a metal
oxide for supplying a hole to a p-GaN layer is generated on
the p-type semiconductor layer. At this time, due to more
active oxidization on the surface of the metal group, a metal
oxide is relatively less generated at the periphery of the inter-
face when compared to the conventional art.

That is, if the transparent electrode is formed by depositing
a certain metal group on the p-type semiconductor layer
according to the third and fourth embodiments, a metal oxide
generating metal constituting the metal group, for example,
Ni is evenly distributed from the surface of the p-type semi-
conductor layer to the uppermost part of the transparent elec-
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trode. According to this, the metal oxide can be more easily
formed when compared to the conventional art.

Also, since a metal oxide is relatively less generated at the
periphery of the interface between the p-type semiconductor
layer and the transparent electrode when compared to the
conventional art, a value of an ohmic contact resistance
becomes relatively less when compared to the conventional
art thereby to facilitate an ohmic contact.

FIG. 11 is a view schematically showing a section structure
of a transparent electrode formed on a p-type nitride semi-
conductor according to the third and fourth embodiments of
the present invention.

First, GaN, III-V group compound is formed on a sapphire
substrate or an SiC substrate. Next, a metal group that Ni and
Au are mixed is deposited on the p-doped GaN layer, and then
a thermal annealing is performed, thereby obtaining a trans-
parent electrode.

As shown, if a metal group that Ni and Au are mixed is
deposited and then a thermal annealing is performed, Au of an
island shape is formed on the p-doped GaN layer 76 and NiO
is formed on the Au. When compared to the conventional
structure (Refer to FIG. 3), in the present invention, Au is
more formed on the surface of the P-GaN 76, and NiO is less
formed on the surface of the P-GaN 76.

As aforementioned in the conventional art, the metal oxide
NiO supplies a hole to the p-GaN 73, and the Au facilitates a
spread of the hole supplied from the metal oxide to the light
emitting layer. The fact that the contact area between the
P-GaN and the Au was increased means that a current spread
was more briskly performed when compared to the conven-
tional art.

FIG. 12 is a graph showing a distribution of Au and NiO
according to a thickness of a transparent electrode according
to the third and fourth embodiments of the present invention.
In the experiment, a sapphire substrate was used as a sub-
strate, a GaN, III-V group compound was used as a nitride
semiconductor, a metal group that Ni and Au are mixed was
deposited on the p-doped GaN layer to form a transparent
electrode, and a thickness of the transparent electrode was
approximately 1 nm~100 nm. Also, a thermal annealing for
forming the transparent electrode was performed at a tem-
perature of approximately 600° C., and an allowance error
range of the temperature in the thermal annealing was
approximately £100° C. At this time, the thermal annealing
was performed in an atmosphere that a little amount of oxy-
gen is mixed to nitrogen, and a rapid thermal annealing (RTA)
device was used for the thermal annealing.

As shown from the graph, Au is concentrated on the surface
of the P-GaN, and NiO is decreased from the surface thereof
to the interface between the P-GaN and the NiO. At the
interface between the P-GaN and the NiO, the NiO is less
distributed than the Au.

That is, when compared to the conventional drawing (refer
to FIG. 4), in the semiconductor light emitting device accord-
ing to the present invention, a metal oxide, NiO that is not
required any longer if a certain amount thereof is satisfied is
relatively less formed at the interface between the p-GaN
layer. The more the metal oxide, NiO is generated, the more a
current spread to the light emitting layer is restrained thereby
to increase a driving voltage of a device and to reduce a
lifespan of the device. However, in the present invention, the
metal oxide, NiO s less generated at the interface between the
P-GaN layer, thereby lowering a driving voltage of the device
and increasing a lifespan of the device.

As aforementioned, in the nitride semiconductor light
emitting device and the fabrication method thereof according
to the third and fourth embodiments of the present invention,
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a metal oxide can be easily formed at the time of depositing a
transparent electrode. Also, an excessive generation of the
metal oxide is restrained thereby to facilitate a current spread
to the light emitting layer. According to this, a driving voltage
of the device is lowered and thus a lifespan of the device is
increased.

As the present invention may be embodied in several forms
without departing from the spirit or essential characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its spirit and scope as
defined in the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

What is claimed is:
[1. A fabrication method of a semiconductor light emitting
device comprising:
providing a substrate;
forming an n-type semiconductor layer, a light emitting
layer, and a p-type semiconductor layer on the substrate;

forming a first transparent electrode on the p-type semi-
conductor layer, said first transparent electrode having
holes per a certain region to thereby expose the p-type
semiconductor layer;

forming a first pad on the first transparent electrode; and

forming a second transparent electrode on the first trans-

parent electrode.]

[2. The method of claim 1, wherein the providing the
substrate is performed by providing a sapphire substrate.]

[3. The method of claim 2, further comprising:

performing a mesa-etching from the p-type semiconductor

layer to the n-type semiconductor layer partially in a
vertical direction, and thereby exposing a part of the
n-type semiconductor layer; and

forming a second pad on the exposed n-type semiconduc-

tor layer.]

[4. The method of claim 1, wherein the providing the
substrate is performed by providing a silicon carbide sub-
strate.]

[5. The method of claim 4 further comprising forming the
second pad on a rear surface of the silicon carbide substrate.]

[6. The method of claim 1, wherein the forming a first
transparent electrode is performed by selecting one from a
group composed of Ni, Au, Pd, Pt, Ir, Zn, and Mg or by
forming a mixture of at least two therebetween.]

[7. The method of claim 1, wherein the forming the first
transparent electrode comprises:

forming a first metal layer by depositing a metal group that

atleast one metal oxide generating metal and at least one
current spreading metal are mixed on the p-type semi-
conductor layer; and

annealing the first metal layer.]

[8. The method of claim 7, wherein the metal oxide gener-
ating metal is one selected from a group composed of Ni, Pd,
Pt, Ir, Zn, and Mg, or a mixture of at least two therebetween.]

[9. The method of claim 7, wherein the current spreading
metal is Au.]

[10. The method of claim 1, wherein the holes comprise
empty spaces between pillars of the first transparent elec-
trode.]

[11. The method of claim 1, further comprising forming a
second transparent electrode on the first transparent elec-
trode.]
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[12. The method of claim 1, wherein the second transparent
electrode is formed of one selected from a group composed of
ITO, 170, ZnO, AZO, CdO and MgO.]

[13. A fabrication method of a semiconductor light emit-
ting device comprising:

providing a substrate;

forming an n-type semiconductor layer, a light emitting

layer, a p-type semiconductor layer on the substrate;

forming a first transparent electrode having holes per a

certain region on the p-type semiconductor layer;
forming a first pad on the first transparent electrode; and
forming a second transparent electrode on the first trans-
parent electrode,

wherein the forming a first transparent electrode com-

prises:

forming a first metal layer by depositing a metal group that

at least one metal oxide generating metal and at least one
current spreading metal are mixed on the p-type semi-
conductor layer; and

annealing the first metal layer.]

[14. The method of claim 13, wherein the second transpar-
ent electrode is formed of one selected from a group com-
posed of ITO, 12O, ZnO, AZO, CdO, and MgO.]

[15. A fabrication method of a semiconductor light emit-
ting device comprising:

providing a substrate;

forming an n-type semiconductor layer, a light emitting

layer, a p-type semiconductor layer on the substrate;

forming a first transparent electrode having holes per a

certain region on the p-type semiconductor layer; and
forming a second transparent electrode on the first trans-
parent electrode,

wherein the second transparent electrode comprises a

metal oxide.]
[16. The method of claim 15, wherein the second transpar-
ent electrode is formed of one selected from a group com-
posed of ITO, 12O, ZnO, AZO, CdO, and MgO.]
[17. A fabrication method of a semiconductor light emit-
ting device comprising:
providing a substrate;
forming an n-type semiconductor layer, a light emitting
layer, and a p-type semiconductor layer on the substrate;

depositing a metal group that at least one metal oxide
generating metal and at least one current spreading
metal are mixed on the p-type semiconductor layer, and
thereby forming a first transparent electrode;

forming a first pad on the p-type semiconductor layer;

forming holes that expose the p-type semiconductor layer

per a certain region on the first transparent electrode; and
forming a second transparent electrode on the first trans-
parent electrode.]

[18. The method of claim 17, wherein the providing the
substrate is performed by providing a sapphire substrate.]

[19. The method of claim 18, further comprising:

performing a mesa-etching from the p-type semiconductor

layer to the n-type semiconductor layer partially in a
vertical direction, and thereby exposing a part of the
n-type semiconductor layer; and

forming a second pad on the exposed n-type semiconduc-

tor layer.]

[20. The method of claim 17, wherein the providing the
substrate is performed by providing a silicon carbide sub-
strate.]

[21. The method of claim 20, further comprising forming a
second pad on a rear surface of the silicon carbide substrate.]
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[22. The method of claim 17, wherein the metal oxide
generating metal is one selected from a group composed of
Ni, Pd, Pt, Ir, Zn, and Mg or a mixture of at least two ther-
ebetween.]
[23. The method of claim 17, wherein the current spreading
metal is Au.]
[24. The method of claim 17, wherein the holes comprise
empty spaces between pillars of the first transparent elec-
trode.]
[25. The method of claim 17, further comprising forming a
second transparent electrode on the first transparent elec-
trode.]
[26. The method of claim 17, wherein the second transpar-
ent electrode is one selected from a group composed of ITO,
170, ZnO, AZO, CdO, and MgO.]
[27. A fabrication method of a semiconductor light emit-
ting device comprising:
providing a substrate;
forming an n-type semiconductor layer, a light emitting
layer, a p-type semiconductor layer on the substrate;

depositing a metal group that at least one metal oxide
generating metal and at least one current spreading
metal are mixed on the p-type semiconductor layer, and
thereby forming a first transparent electrode;

forming a first pad on the p-type semiconductor layer; and

forming a second transparent electrode on the first trans-

parent electrode.]

[28. The method of claim 27, wherein the second transpar-
ent electrode is one selected from a group composed of ITO,
170, ZnO, AZO, CdO, and MgO.]

29. A method of fabricating a semiconductor light emitting
device, the method comprising:

providing a substrate;

forming a first type semiconductor layer on the substrate;
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forming a light emitting layer on the first type semiconduc-
tor layer;
forming a second type semiconductor layer on the light
emitting layer;
forming a first transparent electrode on the second type
semiconductor layer, the first transparent electrode hav-
ing holes per a certain region to thereby expose the
second type semiconductor layer;
forming a second transparent electrode on the first trans-
parent electrode;
forming a first pad on the second transparvent electrode;
and
forming a second pad over the first type semiconductor
layer,
wherein the first transparent electrode is in the shape of
columns with gaps therebetween on the second type
semiconductor layer,
wherein the first type semiconductor layer is an n-type
semiconductor layer, and the second type semiconduc-
tor layer is a p-type semiconductor layer,
wherein the second transparent electrode completely cov-
ers the first transparent electrode and fills the gaps of the
first transparent electrode, and
wherein the first transparent electrode includes at least one
of a metal and a metal oxide.
30. The method of claim 29, wherein the substrate is a
sapphire substrate or a silicon carbide substrate.
31. The method of claim 29, wherein a thickness of the first
transparent electrode is approximately 1 nm-100 nm.
32. The method of claim 29, wherein a thickness the first
type semiconductor layer is 1 um-500 um and a thickness of
the second type semiconductor layer is 0.1 um-100 um.
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