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(57) Abstract: Provided are a light emitting device and a
method of fabricating the same. The light emitting device in-
cludes: a light emitting structure including a first conductivity
type semiconductor layer, a second conductivity type semi-
conductor layer, and an active layer and including a first sur-
face and a second surface; first and second contact electrodes
each ohmic-contacting the first and second conductivity type
semiconductor layers; and first and second electrodes dis-
posed on the first surface of the light emitting structure, in
which the first and second electrodes each include sintered
metal particles and the first and second electrodes each in-
clude inclined sides of which the tangential gradients with re-
spect to sides of vertical cross sections thereof are changing.
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Description

Title of Invention: LIGHT EMITTING DEVICE AND METHOD

[1]

[2]

[3]

[4]

[5]

[6]

[7]

OF FABRICATING THE SAME
Technical Field

The present disclosure relates to a light emitting device and a method of fabricating
the same, and more particularly, to a light emitting device having excellent mechanical
properties and improved reliability and including electrodes having excellent thermal

and electrical characteristics, and a method of fabricating the same.

Background Art

Recently, with an increase in a demand for a small, high-output light emitting device,
a demand for a large-area flip-chip type light emitting device having excellent heat dis-
sipation efficiency has increased. Electrodes of the flip-chip type light emitting device
are directly bonded to a secondary substrate, and a wire for supplying external power
to the flip-chip type light emitting device is not used, such that the flip-chip type light
emitting device has heat dissipation efficiency significantly higher than that of a
horizontal type light emitting device. Therefore, even though a high density of current
is applied, heat can be effectively conducted to the secondary substrate, such that the
flip-chip type light emitting device is appropriate for a high output light source.

In addition, a demand for a chip scale package in which a process of packaging the
light emitting device in a separate housing, or the like is omitted and the light emitting
device itself is used as a package in order to miniaturize the light emitting device has
increased. Particularly, the electrode of the flip-chip type light emitting device can
perform a function similar to that of a lead of the package, such that the flip-chip type

light emitting device can also be usefully utilized in the chip scale package.
Disclosure of Invention

Technical Problem

Exemplary embodiments of the disclosed technology provide a light emitting device
having improved reliability by including an electrode having a new structure.

Exemplary embodiments of the disclosed technology provide a method of fabricating
a light emitting device having improved reliability by forming an electrode using a
sintering method.

Exemplary embodiments of the disclosed technology provide a light emitting device
having improved reliability and excellent electrical characteristics and a method of fab-

ricating the same.
Solution to Problem

According to an exemplary embodiment of the disclosed technology, a light emitting
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device includes: a light emitting structure including a first conductivity type semi-
conductor layer, a second conductivity type semiconductor layer, and an active layer
disposed between the first conductivity type semiconductor layer and the second con-
ductivity type semiconductor layer and including a first surface and a second surface
disposed to be opposite to the first surface; a first electrode disposed on the first
surface of the light emitting structure and electrically connected to the first con-
ductivity type semiconductor layer; and a second electrode disposed on the first surface
of the light emitting structure and electrically connected to the second conductivity
type semiconductor layer, in which the first and second electrodes each include
sintered metal particles and the first and second electrodes each include inclined sides
of which the tangential gradients with respect to sides of vertical cross sections thereof
are changing.

According to one embodiment of the disclosed technologys, it is possible to provide
the light emitting device including the electrode with improved mechanical stability.

The inclined side can include a region in which the tangential gradient is increased
and a region in which the tangential gradient is reduced.

Horizontal cross sectional areas of each of the first and second electrodes can be
gradually reduced toward a direction far away from the first surface of the light
emitting structure.

The light emitting device can further include an insulating part covering sides of the
first and second electrodes and the first surface of the light emitting structure, in which
the first and second electrodes can be exposed on one surface of the insulating part.

The light emitting device can further include a first electrode pad and a second
electrode pad disposed on the one surface of the insulating part and each disposed on
the first and second electrodes.

Areas of the first and second electrode pads can each be larger than that of the first
electrode exposed on the one surface of the insulating part and that of the second
electrode exposed on the one surface of the insulating part.

The light emitting device can further include a wavelength conversion unit disposed
on the second surface of the light emitting structure.

Sintered metal particles can include the plurality of metal particles and a nonmetallic
material interposed between the metal particles.

The metal particle can include Ag.

Sintered metal particles can include the metal particles ranging from 80 to 98 wt%.

The light emitting device can further include: a region in which the first conductivity
type semiconductor layer is partially exposed by partially removing the active layer
and the second conductivity type semiconductor layer; a first contact electrode ohmic-

contacting the first conductivity type semiconductor layer through the area in which
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the first conductivity type semiconductor layer is exposed and partially covering the
first surface of the light emitting structure; a second contact electrode disposed on the
second conductivity type semiconductor layer to ohmic-contact the second con-
ductivity type semiconductor layer; a first insulating layer insulating the first and
second contact electrodes from each other; and a second insulating layer partially
covering the first and second contact electrodes and including a first opening part and a
second opening part through which the first contact electrode and the second contact
electrode are each exposed, in which the first and second electrodes each can directly
contact the first and second contact electrodes through the first and second opening
parts.

The region in which the first conductivity type semiconductor layer is exposed can
include a plurality of holes.

The light emitting structure can include at least one mesa including the second con-
ductivity type semiconductor layer and the active layer and the region in which the first
conductivity type semiconductor layer is exposed can be disposed around the mesa.

The light emitting device can further include a first contact electrode and a second
contact electrode ohmic-contacting each of the first conductivity type semiconductor
layer and the second conductivity type semiconductor layer, in which the first
electrode and the second electrode each can directly contact the first and second
contact electrodes.

The light emitting device can further include a wavelength conversion unit disposed
on the second surface of the light emitting structure.

The wavelength conversion unit can contact the first insulating layer.

The wavelength conversion unit can at least partially further covers a side of the first
conductivity type semiconductor layer.

According to another exemplary embodiment of the disclosed technology, there is
provided a light emitting device including: a light emitting structure including a first
conductivity type semiconductor layer, a second conductivity type semiconductor
layer, and an active layer disposed between the first conductivity type semiconductor
layer and the second conductivity type semiconductor layer and including a first
surface and a second surface disposed to be opposite to the first surface; a first
electrode disposed on the first surface of the light emitting structure and electrically
connected to the first conductivity type semiconductor layer; and a second electrode
disposed on the first surface of the light emitting structure and electrically connected to
the second conductivity type semiconductor layer, in which the first and second
electrodes each include sintered metal particles and sintered metal particles can include
metal particles ranging from 80 to 98 wt% and a nonmetallic material interposed

between the metal particles.
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According to still another exemplary embodiment of the disclosed technology, there
is provided a method of fabricating a light emitting device including: forming a light
emitting structure including a first conductivity type semiconductor layer, an active
layer disposed on the first conductivity type semiconductor layer, and a second con-
ductivity type semiconductor layer disposed on the active layer on a growth substrate;
forming a pre first electrode and a pre second electrode electrically connected to the
first and second conductivity type semiconductor layers, respectively and including
metal particles on the light emitting structure; and forming a first electrode and a
second electrode, respectively, by sintering the pre first electrode and the pre second
electrode, in which the first and second electrodes each include inclined sides of which
the tangential gradients with respect to sides of vertical cross sections thereof can be
changing.

Volumes of the first and second electrodes can each be smaller than those of the pre
first and second electrodes.

The inclined sides can include a region in which the tangential gradient is increased
and a region in which the tangential gradient is reduced.

The forming of the pre first and second electrodes can include forming a viscous
material including metal particles and a nonmetallic material interposed between the
metal particles on the light emitting structure using a dispensing or applying method.

The dispensing or applying method can include a dotting or screen printing method.

The method can further include forming an insulating part covering the first and
second electrodes on the light emitting structure.

The method of fabricating a light emitting device can include exposing the first
electrode and the second electrode on one surface of the insulating part by partially
removing the first and second electrodes and the insulating part.

The method of fabricating a light emitting device can further include forming the first
electrode pad and the second electrode pad each contacting the first electrode and the
second electrode on the one surface of the insulating part.

The method of fabricating a light emitting device can further include: after the
forming of the first and second electrodes, separating the growth substrate from the
light emitting structure; and forming a wavelength conversion unit on one surface of
the light emitting structure exposed by separating the growth substrate therefrom.

The forming of the light emitting structure can include forming a first contact
electrode and a second contact electrode ohmic-contacting each of the first con-
ductivity type semiconductor layer and the second conductivity type semiconductor
layer, in which the pre first electrode and the pre second electrode can each contact the
first and second contact electrodes.

According to yet another exemplary embodiment of the disclosed technology, there
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is provided a light emitting device including: a light emitting structure including a first
conductivity type semiconductor layer, a second conductivity type semiconductor
layer, and an active layer disposed between the first conductivity type semiconductor
layer and the second conductivity type semiconductor layer and including a first
surface and a second surface opposite to the first surface; first and second contact
electrodes disposed on the first surface of the light emitting structure and each ohmic-
contacting the first and second conductivity type semiconductor layers; a first electrode
and a second electrode disposed on the first surface of the light emitting structure and
each electrically connected to the first contact electrode and the second contact
electrode; and an insulating part covering sides of the first and second electrodes and
the first surface of the light emitting structure, in which the first and second electrodes
can each include metal particles and a half value of a shortest distance of an interval
between the first electrode and the second electrode can be smaller than a shortest
distance from one side of one of the first electrode and the second electrode to an outer
side of the insulating part.

The shortest distance between the first electrode and the second electrode can range
from 10 to 80um.

The first and second electrodes can each include the inclined sides of which the
tangential gradients with respect to the sides of the vertical cross sections thereof are
changing.

An angle formed by the sides of the first electrode and the second electrode and an
upper surface of the light emitting structure can range from 30° or more to less than
90°.

The sides of each of the first electrode and the second electrode can be perpendicular
to the first side of the light emitting structure.

The light emitting device can further include the first electrode pad and the second
electrode pad disposed on the one surface of the insulating part and each disposed on
the first and second electrodes.

The first and second electrodes can each include the metal particles and the non-
metallic material interposed between the metal particles.

The first and second electrodes can each include the metal particles of 80 to 98 wt%.

The metal particle can include at least one of Cu, Au, Ag, and Pt.

The light emitting device can further include: a region in which the first conductivity
type semiconductor layer is partially exposed by partially removing the active layer
and the second conductivity type semiconductor layer; a first insulating layer in-
sulating the first and second contact electrodes from each other; and a second in-
sulating layer partially covering the first and second contact electrodes and including a

first opening part and a second opening part through which the first contact electrode
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and the second contact electrode are each exposed, in which the first contact electrode
can ohmic-contact the first conductivity type semiconductor layer through a region in
which the first conductivity type semiconductor layer is exposed and the first and
second electrodes each can directly contact the first and second contact electrodes

through the first and second opening parts.
The first electrode and the second electrode each can directly contact the first and

second contact electrodes.
Advantageous Effects of Invention

According to the exemplary embodiments of the disclosed technology, it is possible
to provide the light emitting device having the electrode including sintered metal
particles to improve the mechanical stability of the electrode and the reliability of the
semiconductor layers, thereby improving the reliability of the light emitting device.
Further, it is possible to provide the method of fabricating a light emitting device
capable of stabilizing and simplifying the process by providing the method of forming
an electrode using the sintering method.

Further, it is possible to reduce the shortest distance between the electrodes by
forming the electrode using the mask or the insulating part as a kind of frame in the
process of fabricating a light emitting device, thereby improving the electrical and
thermal characteristics of the light emitting device.

Brief Description of Drawings

FIG. 1 is a cross-sectional view for describing a general flip-chip type light emitting
device.

FIGS. 2(a) and 2(b) are a plan view and a cross-sectional view for describing a light
emitting device according to exemplary embodiments of the disclosed technology.

FIGS. 3(a) and 3(b) and 4 are plan views and a cross-sectional view for describing a
light emitting device according to another exemplary embodiment of the disclosed
technology.

FIG. 5 is a cross-sectional view for describing a light emitting apparatus according to
another exemplary embodiment of the disclosed technology.

FIG. 6 is a cross-sectional view for describing a light emitting apparatus according to
another exemplary embodiment of the disclosed technology.

FIGS. 7 to 20 are plan views and cross-sectional views for describing a method of
fabricating a light emitting device according to other exemplary embodiments of the
disclosed technology.

FIGS. 21 to 25 are cross-sectional views for describing a method of fabricating a
light emitting device according to another exemplary embodiment of the disclosed

technology.
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FIGS. 26 to 30 are cross-sectional views for describing a method of fabricating a
light emitting device according to another exemplary embodiment of the disclosed

technology.
FIG. 31 is a cross-sectional view for describing a light emitting device according to

another exemplary embodiment of the disclosed technology.

FIG. 32 is a cross-sectional view for describing a light emitting device according to
another exemplary embodiment of the disclosed technology.

FIGS. 33 and 34 are plan views and a cross-sectional view for describing a light
emitting device according to still another exemplary embodiment of the disclosed
technology.

FIG. 35 is a cross-sectional view for describing a light emitting apparatus according
to another exemplary embodiment of the disclosed technology.

FIG. 36 is a cross-sectional view for describing a light emitting apparatus according

to another exemplary embodiment of the disclosed technology.

Mode for the Invention

FIG. 1 illustrates a general form of a flip chip type light emitting device. Referring to
FIG. 1, the flip chip type light emitting device can include an n type semiconductor
layer 11, an active layer 13, a p type semiconductor layer 15, an n type pad 21 and a p
type pad 23 each disposed on the n type and p type semiconductor layers, and an n type
electrode 41 and a p type electrode 43 each disposed on the n type pad 21 and the p
type pad 23 and electrically connected to each other. For the flip-chip type light
emitting device to be applied to a chip scale package, the n type electrode 21 and the p
type electrode 23 need to have a thickness ranging from several tens of um to several
hundreds of . In the case of using an evaporation method such as electron-beam
evaporation, a growth speed of metal is very slow, such that productivity of the light
emitting device can be greatly reduced. Accordingly, to implement the electrodes
having the foregoing thickness, the n type electrode and the p type electrode 23 can be
formed by a plating method.

However, in the case of forming the electrodes using the plating method, the semi-
conductor layer is applied with a stress due to metal during the plating, and thus the
semiconductor layer can go through deformations such as bowing and can be cracked
or damaged. Further, to use the plating method, separate seed layers 30 need to be in-
terposed between pads and the electrodes as illustrated in FIG. 1, Therefore, a method
of forming an electrode using the plating method can have a complicated process, such
that productivity of the light emitting device can be reduced.

Further, to apply the flip-chip type light emitting device to the chip scale package, in-

sulators are formed to cover sides of the n type and the p type electrodes 21 and 23.
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There can be a problem in that a gap is formed between the electrode formed using the
plating method and the insulator due to an interface angle between the electrode and
the insulator. The light emitting device can have a defect due to the gap, such that the
reliability of the light emitting device can be reduced.

Hereinafter, exemplary embodiments of the disclosed technology will be described in
detail with reference to the accompanying drawings. Exemplary embodiments to be
provided below are provided by way of example so that the spirit of the disclosed
technology can be sufficiently transferred to those skilled in the art to which the
disclosed technology pertains. Therefore, the disclosed technology is not limited to the
exemplary embodiments set forth herein but can be modified in many different forms.
In the accompanying drawings, widths, lengths, thicknesses, or the like, of components
can be exaggerated for convenience. In addition, it will be understood that when one
component is referred to as being "on" another component, one component can be
directly on another component or can have the other component interposed
therebetween. Like reference numerals denote like elements throughout the speci-
fication.

FIGS. 2(a) and 2(b) are a plan view and a cross-sectional view for describing a light
emitting device according to an exemplary embodiment of the disclosed technology.

FIG. 2(a) is a plan view of a light emitting device 100 and FIG. 2(b) is a cross-
sectional view taken along the line S-S of FIG. 2(a).

Referring to FIGS. 2(a) and 2(b), the light emitting device 100 can include a light
emitting unit 100L and an electrode 160 and can further include an insulating part 170,
first and second electrode pads 181 and 183, and a wavelength conversion unit 190.

The light emitting unit 100L can include the light emitting structure including a first
conductivity type semiconductor layer and a second conductivity type semiconductor
layer and an active layer disposed between the first and second conductivity type semi-
conductor layers. The light emitting unit 100L can be connected to an external power
supply to emit light having a desired wavelength.

The light emitting structure can include a first surface and a second surface opposite
to the first surface. Here, a first electrode 161 and a second electrode 163 can be
disposed on the first surface. For example, according to the exemplary embodiment of
the disclosed technology, in the drawing, a lower surface of the light emitting unit
100L can be defined as the first surface of the light emitting structure and an upper
surface of the light emitting unit 100L can be defined as the second surface of the light
emitting structure. However, the disclosed technology is not limited thereto.

The light emitting unit 100L and the light emitting structure can have various forms
such as a structure in which the first electrode 161 and the second electrode 163 can

extend downwardly. For example, the light emitting unit 100L and the light emitting
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structure can have a flip-chip type having a general structure as illustrated in FIG. 1
and a type as illustrated in FIG. 4. This will be described below in detail.

The electrode 160 can be disposed on the first surface of the light emitting structure
and can include the first electrode 161 and the second electrode 163. In this case, the
first electrode 161 and the second electrode 163 each can be electrically connected to
the first conductivity type semiconductor layer and the second conductivity type semi-
conductor layer of the light emitting structure and the first and second electrodes 161
and 163 can directly contact the light emitting structure.

The first electrode 161 and the second electrode 163 can each include an inclined
side. In particular, as illustrated, the first electrode 161 and the second electrode 163
can each include inclined sides of which the tangential TL gradients with respect to
sides of vertical cross sections thereof are changing. In detail, as illustrated in FIGS.
2(a) and 2(b), the tangential TL gradients with respect to the sides of the vertical cross
sections of each of the first electrode 161 and the second electrode 163 can be
increased from bottom toward top and then can again be decreased by passing through
a certain point of inflection. Therefore, the inclined sides of each of the first electrode
161 and the second electrode 163 can include a region in which the tangential TL
gradient is increased and a region in which the tangential TL gradient is reduced.

The first electrode 161 and the second electrode 163 can each include the inclined
sides of which the tangential TL gradients with respect to the sides of the vertical cross
sections thereof are changing, such that horizontal cross sectional areas of the first
electrode 161 and the second electrode 163 can be changed vertically. For example, as
illustrated, the horizontal cross sectional areas of each of the first electrode 161 and the
second electrode 163 can be reduced toward a direction far away from one surface of
the light emitting unit 100L, that is, the first surface of the light emitting structure.

Therefore, the shape of the first electrode 161 and the second electrode 163 can each
be determined to have the foregoing shaped sides. For example, the first electrode 161
and the second electrode 163 can have a similar form to a truncated arch shape. The
first electrode 161 and the second electrode 163 can each include the inclined sides of
which the tangential TL gradients with respect to the sides of the vertical cross sections
thereof are changing, such that mechanical stability at the interface of the insulating
part 170 with the first electrode 161 and the second electrode 163 can be improved.

The first electrode 161 and the second electrode 163 can include a plurality of metal
particles 160m. Further, the first and second electrodes 161 and 163 can each include
sintered metal particles, in which the sintered metal particles can include metal
particles 160m and a nonmetallic material 160n interposed between the metal particles
160m. In an enlarged view of FIG. 2(b), the metal particles 160m are sintered and thus

can be formed in a form in which a plurality of grains are disposed and the nonmetallic
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material 160n can be interposed in at least some region between the metal particles
160m. The nonmetallic material 160n can serve as a buffer to reduce a stress applying
to the first electrode 161 and the second electrode 163. Therefore, the mechanical
stability of the first electrode 161 and the second electrode 163 can be improved, and
thus the stress which can be applied from the electrode 160 to the light emitting unit
100L can be reduced.

The metal particles 160m of each of the first electrode 161 and the second electrode
163 can be included at a ratio of 80 to 98 wt% compared with total masses of each of
the first and second electrodes 161 and 163.

Further, when the first electrode 161 and the second electrode 163 each include
sintered metal particles, the metal particles 160m can be included at a ratio of 80 to 98
wt% compared with the total mass of the metal particle sintered body. Sintered metal
particles can include the metal particles 160m of the foregoing ratio to have excellent
thermal conductivity and electrical conductivity and can effectively buffer the stress
applying to the electrode 160 to improve the mechanical stability of the electrode 160.

The metal particles 160m can include materials having thermal conductivity and
electrical conductivity without any limitation. For example, the metal particles 160m
can include Cu, Au, Ag, Pt, etc. The nonmetallic material 160n can be induced from
materials to be sintered for forming the electrode 160. For example, the nonmetallic
material 160n can be a polymer material including C.

According to the foregoing exemplary embodiment, the metal particles 160m is
described as those included in the first and second electrodes 161 and 163 in sintered
metal particles form, but the disclosed technology is not limited thereto.

Further, the first electrode 161 and the second electrode 163 can have a thickness
ranging from about 50 to 80 pm. The light emitting device according to the exemplary
embodiment of the disclosed technology includes the electrode 160 having the
thickness within the foregoing range, and as a result the light emitting device itself can
be used as a chip scale package. Further, the electrode 160 includes sintered metal
particles, such that even though the electrode 160 is formed at the thickness within the
foregoing range, the applied stress can be sufficiently relieved. Therefore, the stress
applied to the light emitting unit 100L is reduced, such that the mechanical stability
and reliability of the light emitting device can be improved. However, the thickness of
the electrode 160 is not limited to the foregoing range.

Further, the light emitting device can further include first and second contact
electrodes (not illustrated) disposed between the first electrode 161 and the second
electrode 163 and the light emitting structure of the light emitting unit 100L. The first
and second contact electrodes can each ohmic-contact the first and second conductivity

type semiconductor layers, respectively. In this case, the first electrode 161 and the
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second electrode 163 each can directly contact the first contact electrode and the
second contact electrode. That is, the first electrode 161 and the second electrode 163
each can be formed to directly contact the first and second contact electrodes. Ac-
cordingly, additional components such as a seed layer required for the plating method
and a wetting layer required for a solder can be omitted.

The insulating part 170 can be formed to cover the lower surface of the light emitting
unit 100L, that is, the side of the electrode 160 on the first surface of the light emitting
structure. The first electrode 161 and the second electrode 163 can be exposed on a
lower surface of the insulating part 170.

The insulating part 170 can have an electrical insulating property and cover the sides
of the first and second electrodes 161 and 163 to effectively insulate the first and
second electrode 161 and 163 from each other. In addition, the insulating part 170 can
serve to support the first and second electrodes 161 and 163. The lower surface of the
insulating part 170 can be formed to be substantially flush with the lower surfaces of
the first electrode 161 and the second electrode 163.

The insulating part 170 can include insulating polymer and/or insulating ceramic, for
example, materials such as an epoxy molding compound and/or Si resin. In addition,
the insulating part 170 can also include light-reflective and light scattering particles
such as TiO, particles. The insulating part 170 has reflectivity to reflect light emitting
from the light emitting unit 100L upwardly, thereby improving light efficiency of the
light emitting device.

Further, unlike that illustrated, the insulating part 170 can further cover the side of
the light emitting unit 100L and some of the insulating part 170 can also contact the
wavelength conversion unit 190. In this case, a light emitting angle of the light emitted
from the light emitting unit 100L can be changed. Further, when the insulating part 170
further covers the side of the light emitting unit 100L, some of the light emitted to the
side of the light emitting unit 100L can be reflected upwardly. As described above, a
region in which the insulating part 170 is disposed is adjusted, such that the light
emitting angle of the light emitting device 100 can be adjusted.

The first electrode pad 181 and the second electrode pad 183 can be disposed on one
surface of the insulating part 170. In particular, as illustrated, the first electrode pad
181 and the second electrode pad 183 can be disposed on the lower surface of the in-
sulating part 170 on which the first and second electrodes 161 and 163 are exposed,
among the one surfaces of the insulating part 170.

The first and second electrode pads 181 and 183 each can electrically contact the first
and second electrodes 161 and 163 or can be spaced apart from each other. When the
light emitting device is applied for a module, etc., the first and second electrodes 161

and 163 can make the light emitting device be more stably mounted on a substrate of
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the module. For example, when the first and second electrodes 161 and 163 include a
Cu or Ag particle sintered body, the lower surfaces of the first and second electrodes
161 and 163 can have poor wettability with the solder. Therefore, the first and second
electrode pads 181 and 183 can further be disposed on the lower surface of the in-
sulating part 170, such that the light emitting device can be stably mounted.

Meanwhile, as illustrated in FIG. 2(a), horizontal areas of each of the first and second
electrode pads 181 and 183 can be larger than those of the first and second electrodes
161 and 163 exposed on the lower surface of the insulating part 170. As a result, a
region in which the first and second electrodes 161 and 163 are exposed can each be
disposed within a region in which the first and second electrode pads 181 and 183 are
formed.

Areas of each of the first and second electrode pads 181 and 183 are formed to be
larger than those of the regions of the first and second electrodes 161 and 163 exposed
on the lower surface of the insulating part 170, such that the light emitting device can
be more stably mounted on the separate additional substrate.

The first and second electrode pads 181 and 183 can include conductive materials
such as metal, for example, Ni, Pt, Pd, Rh, W, Ti, Al, Ag, Sn, Cu, Ag, Bi, In, Zn, Sb,
Mg, Pb, etc. Further, each of the first and second electrode pads 181 and 183 can be
formed of a single layer structure or a multilayer structure.

The wavelength conversion unit 190 can be disposed on the upper surface of the light
emitting unit 100L, that is, the second surface of the light emitting structure.

The wavelength conversion unit 190 can convert a wavelength of the light emitted
from the light emitting unit 100L to let the light emitting device to emit light having a
desired wavelength band. The wavelength conversion unit 190 can include a phosphor
and a carrier in which the phosphor is carried. The phosphor can include various
phosphors well-known in those skilled in the art, and can include at least one of, for
example, a garnet phosphor, an aluminate phosphor, a sulfide phosphor, an oxynitride
phosphor, a nitride phosphor, a fluoride-based phosphor, and a silicate phosphor. As
the carrier, materials well known to those skilled in the art can also be used. For
example, the carrier can include polymer resin such as epoxy resin or acrylic resin or
silicon resin. In addition, the wavelength conversion unit 190 can be formed of a single
layer structure or a multilayer structure.

As illustrated in FIGS. 2(a) and 2(b), the wavelength conversion unit 190 can be
formed to cover the upper surface of the light emitting unit 100L and the disclosed
technology is not limited thereto. The wavelength conversion unit 190 can further
cover the side of the light emitting unit 100L and can further cover the side of the in-
sulating part 170. When the wavelength conversion unit 190 covers the side of the in-

sulating part 170, the upper surface of the light emitting device and a side of at least
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some thereof are covered with the wavelength conversion unit 190.

FIGS. 3(a), 3(b) and 4 are plan views and a cross-sectional view for describing a light
emitting device according to another exemplary embodiment of the disclosed
technology. The structure of the light emitting unit will be exemplarily described in
detail with reference to FIGS. 3(a), 3(b) and 4. However, the disclosed technology is
not limited to a structure and a configuration to be below.

FIG. 3(a) is a plan view of the light emitting device, FIG. 3(b) is a plan view for de-
scribing positions of holes 120h and positions of third and fourth opening parts 153a
and 153b, and FIG. 4 is a cross-sectional view illustrating a cross section of a region
corresponding to the line A-A of FIGS. 3(a) and 3(b).

Referring to FIGS. 3(a), 3(b) and 4, a light emitting device 100a can include a light
emitting structure 120 including a first conductivity type semiconductor layer 121, an
active layer 123, and a second conductivity type semiconductor layer 125, a first
contact electrode 130, a second contact electrode 140, a first insulating layer 151, a
second insulating layer 153, the first electrode 161, and the second electrode 163.
Further, the light emitting device 100a can further include the insulating part 170, the
first and second electrode pads 181 and 183, the growth substrate (not illustrated), and
the wavelength conversion unit 190.

The light emitting structure 120 can include the first conductivity type semiconductor
layer 121, the active layer 123 disposed on the first conductivity type semiconductor
layer 121, and the second conductivity type semiconductor layer 125 disposed on the
active layer 123. The first conductivity type semiconductor layer 121, the active layer
123, and the second conductivity type semiconductor layer 125 can include a I1I-V
based compound semiconductor, for example, a nitride based semiconductor such as
(Al, Ga, In)N. The first conductivity type semiconductor layer 121 can include n-type
impurities (for example, Si), and the second conductivity type semiconductor layer 125
can include p type impurities (for example, Mg). Further, they can be the opposite. The
active layer 123 can include a multiple quantum well structure (MQW).

In addition, the light emitting structure 120 can include a region in which the first
conductivity type semiconductor layer 121 is partially exposed by partially removing
the second conductivity type semiconductor layer 125 and the active layer 123. For
example, as illustrated, the light emitting structure 120 can include at least one hole
220h penetrating through the second conductivity type semiconductor layer 125 and
the active layer 123 to expose the first conductivity type semiconductor layer 121.
However, the disclosed technology is not limited thereto. That is, an arrangement form
of the holes 220h and the number of holes 220h can be variously modified.

In addition, the form in which the first conductivity type semiconductor layer 121 is

exposed is not limited to a form such as the hole 120h. For example, the region in
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which the first conductivity type semiconductor layer 121 is exposed can be formed in
a line form, a combined form of holes and lines, or the like. When the region in which
the first conductivity type semiconductor layer 121 is exposed is formed in the
plurality of line forms, the light emitting structure 120 can be formed along the line
and can also include at least one mesa including the active layer 123 and the second
conductivity type semiconductor layer 125.

The second contact electrode 140 is disposed on the second conductivity type semi-
conductor layer 125. The second contact electrode 140 can at least partially cover the
upper surface of the second conductivity type semiconductor layer 125 and ohmic-
contact the second conductivity type semiconductor layer 125. Further, the second
contact electrode 140 can generally cover the upper surface of the second conductivity
type semiconductor layer 125 and can be formed as a single body. Therefore, a current
can be uniformly supplied to the entire light emitting structure 120, such that current
dispersion efficiency can be improved.

However, the disclosed technology is not limited thereto. Therefore, the second
contact electrode 140 cannot be integrally formed and a plurality of unit reflective
electrode layers can also be disposed on the upper surface of the second conductivity
type semiconductor layer 125.

The second contact electrode 140 can include a material that can ohmic-contact the
second conductivity type semiconductor layer 125, and can include, for example, a
metal material and/or a conductive oxide.

When the second contact electrode 140 includes the metal material, the second
contact electrode 140 can include a reflecting layer and a cover layer covering the re-
flecting layer. As described above, the second contact electrode 140 can serve to
reflect light simultaneously with ohmic-contacting the second conductivity type semi-
conductor layer 125. Therefore, the reflecting layer can include metal that can ohmic-
contact the second conductivity type semiconductor layer 125 while having high re-
flectivity. For example, the reflecting layer can include at least one of Ni, Pt, Pd, Rh,
W, Ti, Al, Mg, Ag, and Au. In addition, the reflecting layer can include a single layer
or multi layers.

The cover layer can prevent a mutual diffusion between the reflecting layer and other
materials and prevent the reflecting layer from being damaged due to a diffusion of
other external materials to the reflecting layer. Therefore, the cover layer can be
formed to cover a lower surface and sides of the reflecting layer. The cover layer can
be electrically connected to the second conductivity type semiconductor layer 125
together with the reflecting layer to serve as a kind of electrode together with the re-
flecting layer. The cover layer can include, for example, Au, Ni, Ti, Cr, or the like, and

include a single layer or multi layer.
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Meanwhile, when the second contact electrode 140 includes the conductive oxide,
the conductive oxide can be ITO, ZnO, AZO, 120, GZO or the like.

The first insulating layer 151 can partially cover the upper surface of the light
emitting structure 120 and the second contact electrode 140. Further, the first in-
sulating layer 151 can cover sides of the plurality of holes 120h but exposes upper
surfaces of the holes 120h to partially expose the first conductivity type semiconductor
layer 121. Further, the first insulating layer 151 can further cover at least some of the
side of the light emitting structure 120.

Meanwhile, how much the side of the light emitting structure 120 is covered with the
first insulating layer 151 can be changed depending on chip unit isolation in a process
of fabricating the light emitting device, which will be described below in detail.

The first insulating layer 151 can include a first opening part disposed at a portion
corresponding to the plurality of holes 120h and a second opening part exposing some
of the second contact electrode 140. The first conductivity type semiconductor layer
121 can be partially exposed through the first opening part and the holes 120h and the
second contact electrode 140 can be partially exposed through the second opening part.

The first insulating layer 151 can include an insulating material, for example, Si0O,,
SiN,, MgF,, or the like. Further, the first insulating layer 151 can include a multilayer
structure, and can also include a distributed Bragg reflector in which materials having
different refractive indices are alternately stacked. In particular, when the second
contact electrode 140 includes the conductive oxide, the first insulating layer 151 can
include the distributed Bragg reflector, thereby improving the light emitting efficiency.

The first contact electrode 130 can partially cover the light emitting structure 120 and
can ohmic-contact the first conductivity type semiconductor layer 121 through the
plurality of holes 120h and the first opening parts. In this case, the holes 120h can be
filled with the first contact electrode 130. The first contact electrode 130 can be formed
to generally cover other portions except for some region of the lower surface of the
first insulating layer 151. In addition, the first contact electrode 130 can be formed to
cover the side surface of the light emitting structure 120. When the first contact
electrode 130 is also formed on the side of the light emitting structure 120, the first
contact electrode 130 can reflect upwardly light emitted from the active layer 123 to
the side surface to increase a ratio of the light emitted to the upper surface of the light
emitting device 100a. Meanwhile, the first contact electrode 130 cannot be formed in a
region corresponding to the second opening part of the first insulating layer 151 but
can be insulated from the second contact electrode while being spaced apart from the
second contact electrode 140.

The first contact electrode 130 can be formed to generally cover the upper surface of

the light emitting structure 120 except for some region of the light emitting structure,
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thereby more improving the current dispersion efficiency. In addition, the first contact
electrode 130 can cover the portion that is not covered by the second contact electrode
140 to more effectively reflect light, thereby improving the light emitting efficiency of
the light emitting device 100a.

The first contact electrode 130 can serve to reflect the light simultaneously with
ohmic-contacting the first conductivity type semiconductor layer 121. Therefore, the
first contact electrode 130 can be formed of a single layer structure or a multilayer
structure and can include a high reflective metal layer such as an Al layer. The high re-
flective metal layer can be formed on an adhesion layer made of Ti, Cr, Ni, or the like.
However, the disclosed technology is not limited thereto.

The first contact electrode 130 ohmic-contacts the first conductivity type semi-
conductor layer 121 through the holes 120a, such that the region in which the active
layer 123 is removed is the same as the region corresponding to the plurality of holes
120h to form the electrode, etc., connected to the first conductivity type semiconductor
layer 121. Therefore, the region in which the first conductivity type semiconductor
layer 121 ohmic-contacts the metal layer can be minimized and a light emitting diode
in which a ratio of the area of the light emitting region to the entire horizontal area of
the light emitting structure is relatively large can be provided.

The light emitting device 100a can further include the second insulating layer 153
which can cover the first contact electrode 130. The second insulating layer 153 can
include a third opening part 153a through which the first contact electrode 130 is
partially exposed and a fourth opening part 153b through which the second contact
electrode 140 is partially exposed. In this case, the fourth opening part 153b can be
formed at a position corresponding to a second opening part 151b.

The number of each of the third and fourth opening parts 153a and 153b can be one
or more. Further, as illustrated in FIG. 3(b), when the third opening part 153a is
disposed to be adjacent to a corner of one side of the light emitting device 100a, the
fourth opening part 153b can be disposed to be adjacent to other corners of the light
emitting device.

The second insulating layer 153 can include an insulating material, for example, SiO,
, SiN,, MgF,, or the like. Further, the second insulating layer 153 can include a
multilayer structure, and can also include the distributed Bragg reflector in which
materials having different refractive indices are alternately stacked.

The first electrode 161 and the second electrode 163 can be disposed on the second
insulating layer 153. Further, the first electrode 161 can be disposed on the third
opening part 153a to contact the first contact electrode 130 and the second electrode
163 can be disposed on the fourth opening part 153b to contact the second contact
electrode 140.
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As such, the first electrode 161 and the second electrode 163 each can directly
contact the first and second contact electrodes 130 and 140 Therefore, the additional
seed layer or wetting layer can be omitted prior to forming the first electrode 161 and
the second electrode 163, thereby simplifying the process of fabricating a light
emitting device.

The description of the first electrode 161 and the second electrode 163 is similar to
that described with reference to FIG. 2 and therefore the detailed description thereof
will be omitted.

The insulating part 170 can cover the second insulating layer 153 and the sides of the
first and second electrodes 161 and 163. In particular, as illustrated, the insulating part
170 can further cover the side of the light emitting structure 120.

Meanwhile, how much the side of the light emitting structure 120 is covered with the
insulating part 170 can be changed depending on the chip unit isolation in the process
of fabricating the light emitting device, which will be described below in detail.

The description of the insulating part 170, the first electrode pad 181, and the second
electrode pad 183 is generally similar to that described with reference to FIG. 2 and
therefore the detailed description thereof will be omitted.

The wavelength conversion unit 190 can be disposed on the lower surface of the light
emitting structure 120. Some of the wavelength conversion unit 190 can also contact
the first insulating layer 151. Further, unlike that illustrated, the wavelength conversion
unit 190 can also be formed to cover the side of the light emitting structure 120 and
can be formed to further cover the side of the insulating part 170.

The description of the wavelength conversion unit 190 is generally similar to that
described with reference to FIG. 2 and therefore the detailed description thereof will be
omitted.

Meanwhile, the light emitting device 100a can further include the growth substrate
(not illustrated) which is disposed on the lower surface of the light emitting structure
120. When the light emitting device 100a includes the wavelength conversion unit 190,
the growth substrate can be disposed between the light emitting structure 120 and the
wavelength conversion unit 190.

The growth substrate is not limited as long as it is a substrate on which the light
emitting structure 120 can be grown. For example, the growth substrate can be a
sapphire substrate, a silicon carbide substrate, a silicon substrate, a gallium nitride
substrate, an aluminum nitride substrate, or the like. The growth substrate can also be
omitted. After the light emitting structure 120 is grown, the growth substrate can be
separated and removed from the light emitting structure 120 by methods, such as laser
lift off, chemical lift off, stress lift off, thermal lift off, and wrapping.

According to the exemplary embodiment of the disclosed technology, the light
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emitting device having the structure in which a current can be uniformly dispersed in a
horizontal direction at the time of driving can adopt the first and second electrode
including sintered metal particles. Therefore, even though the stress is applied to the
first and second electrodes due to heat generated when the light emitting device is
driven, the stress can be relieved thanks to the nonmetallic material included in
sintered metal particles. Therefore, the reliability of the light emitting device can be
improved.

FIG. 5 is a cross-sectional view for describing a light emitting apparatus according to
another exemplary embodiment of the disclosed technology.

Referring to FIG. 5, the light emitting apparatus can include the light emitting device
100 according to the exemplary embodiments of the disclosed technology and a
substrate 300. The light emitting device 100 can be mounted on the substrate 300.

The substrate 300 can be, for example, a PCB including a first conductivity pattern
311, a second conductive pattern 313, and an insulating layer 320 insulating them from
each other, a submount substrate, or the like. In particular, the PCB can be a metal
PCB in which the first and second conductive patterns 311 and 313 are made of metal.
However, the disclosed technology is not limited thereto, and therefore the substrate
300 can be a substrate having various structures well known to those skilled in the art.

As such, the light emitting device 100 according to the exemplary embodiment of the
disclosed technology can be used as a chip scale package which can be directly used
without the separate packaging process.

FIG. 6 is a cross-sectional view for describing a light emitting apparatus according to
another exemplary embodiment of the disclosed technology.

Referring to FIG. 6, the light emitting apparatus can include a plurality of light
emitting devices 100 according to the exemplary embodiments of the disclosed
technology and a substrate 400. The light emitting devices 100 can be mounted on the
substrate 400.

FIG. 6 is a light emitting device module in which the plurality of light emitting
devices 100 are mounted on one substrate 400. Therefore, the substrate 400 can be a
form in which electrical wirings are provided, including a conductive pattern.

As such, the light emitting device 100 according to the exemplary embodiment of the
disclosed technology can be directly applied to the light emitting device module as the
chip scale package without the separate packaging process. Therefore, the process of
fabricating a light emitting device module can be simplified.

FIGS. 7 to 19 are plan views and cross-sectional views for describing a method of
fabricating a light emitting device according to other exemplary embodiments of the
disclosed technology.

According to the exemplary embodiments of the disclosed technology, the light
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emitting device 100a illustrated in FIGS. 3(a), 3(b) and 4 can be provided. Therefore,
the detailed description of the same components as those described in the exemplary
embodiments of FIGS. 3(a), 3(b) and 4 will be omitted below and the disclosed
technology is not limited to the description according to the exemplary embodiments
of the disclosed technology. Further, in FIGS. 7 to 20, cross-sectional views (B) il-
lustrate cross sections taken along the B-B of plan views (A).

First, Referring to FIG. 7, the light emitting structure 120 including the first con-
ductivity type semiconductor layer 121, the active layer 123, and the second con-
ductivity type semiconductor layer 125 is formed on the growth substrate 110.

The growth substrate 110 can be a growth substrate on which the light emitting
structure 120 can be grown, and can include, for example, a sapphire substrate, a
silicon carbide substrate, a silicon substrate, a nitride gallium substrate, a nitride
aluminum substrate, or the like. According to the exemplary embodiment of the
disclosed technology, the substrate 100 can be a patterned sapphire substrate (PSS).

The first conductivity type semiconductor layer 121, the active layer 123, and the
second conductivity type semiconductor layer 125 can be formed by being sequentially
grown. The light emitting structure 120 can include a nitride semiconductor and can be
formed by methods of growing a nitride semiconductor layer such as MOCVD, HVPE,
and MBE well known to those skilled in the art. Further, prior to growing the first con-
ductivity type semiconductor layer 121, a buffer layer (not illustrated) can be further
formed on the growth substrate 110.

The light emitting structure 120 can be grown on the growth substrate 110 to be
provided in a wafer form. Therefore, the plurality of light emitting devices can also be
provided by the method of fabricating a light emitting device according to the
exemplary embodiments of the disclosed technology. However, the present em-
bodiment illustrates and describes only a single light emitting device.

Next, referring to FIG. 8(a) and 8(b), at least one hole 120h is formed by partially
removing the second conductivity type semiconductor layer 125 and the active layer
123. As the hole 120h is formed, the first conductivity type semiconductor layer 121
can be partially exposed. Further, an isolation region 1201 in which the light emitting
structure 120 is isolated in a plurality of isolated device unit can be further formed on
the growth substrate 110. Therefore, the light emitting structures 120 in the isolated
device unit can be formed on the growth substrate 110.

At least one hole 120h can be formed by a photolithography process. In this case, a
side of the hole 120h can be formed to be inclined by a photoresist reflow process. The
number of holes 120h and the disposition form of the holes 120h are not limited, but as
illustrated, the holes 120h can be uniformly disposed.

Meanwhile, as illustrated in FIG. 9, at least one hole 120h is formed but the
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formation of the isolation region 120i can also be omitted. In this case, the upper
surface of the growth substrate 110 is not exposed and the light emitting structure 120
can be isolated while the wafer is isolated in a device unit in subsequent processes.
However, a method of fabricating a light emitting device will be described below
based on the case in which the isolation region 120i is first formed as illustrated in
FIGS. 8(a) and 8(b).

Next, referring to FIGS. 10(a) and 10(b), the second contact electrode 140 is formed
on the second conductivity type semiconductor layer 125. The second contact electrode
140 can be formed to generally cover the surface of the second conductivity type semi-
conductor layer 125 and can include an opening region in which the holes 120h are
exposed.

When the second contact electrode 140 includes metal, the second contact electrode
140 can be formed by a plating and/or deposition method, etc., and can be patterned by
the lift off process. Further, when the second electrode 140 includes the conductive
oxide, the conductive oxide can be formed by the deposition method and then can be
patterned by the process such as etching. By this, as illustrated, the second contact
electrode 140 which is disposed on the upper surface of the second conductivity type
semiconductor layer 125 and is integrally formed can be provided.

Referring to FIGS. 11(a) and 11(b), the first insulating layer 151 partially covering
the light emitting structure 120 and the second contact electrode 140 is formed.

The first insulating layer 151 can be formed by depositing insulating materials such
as Si0, and SiN, and can be patterned to include the first opening part 151a and the
second opening part 151b by the lift off process or the etching process. The first
opening part 151a can be formed to correspond to positions of the plurality of holes
120h. In particular, the first insulating layer 151 can cover the side of the plurality of
holes 120h. The second opening part 151b can partially expose the second contact
electrode 140 and the position of the second opening part 151b can be determined
depending on the region in which the second electrode 163 is formed in subsequent
processes. For example, as illustrated, the second opening part 151b can be disposed to
be biased to one side of the light emitting structure 120 and can also be formed in
plural.

Meanwhile, the first insulating layer 151 can further cover the surface of the growth
substrate 110 exposed under the isolation region 120i. However, when the isolation
region 1201 is not formed, the first insulating layer 151 can be formed to cover only the
light emitting structure 120.

Next, referring to FIGS. 12(a) and 12(b), the first contact electrode 130 which covers
the first insulating layer 151 and ohmic-contacts the first conductivity type semi-
conductor layer 121 through the hole 120h is formed.
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The first contact electrode 130 can be formed by the plating and deposition method,
etc., and can be patterned by the lift off process, etc. The first contact electrode 130
contacts the first conductivity type semiconductor layer 121 through the hole 120h and
therefore can be formed to cover the side and the lower surface of the first opening part
151a. In addition, the first contact electrode 130 can be insulated from the second
contact electrode 140 by being spaced apart from the second contact electrode 140 by
the first insulating layer 151. Therefore, the first contact electrode 130 can be formed
to generally cover the light emitting structure 120 except for the region corresponding
to the second opening part 151a.

Referring to FIGS. 13(a) and 13(b), the second insulating layer 153 partially covering
the first contact electrode 130, the first insulating layer 151, and the second contact
electrode 140 can be formed.

The second insulating layer 153 can be formed by depositing insulating materials
such as Si0O, and SiN, and can be patterned to include the third opening part 153a and
the fourth opening part 153b by the lift off process or the etching process. The third
opening part 153a can partially expose the first contact electrode 130 and can define a
portion where the first electrode 161 is electrically connected to the first contact
electrode 130. Similarly, the fourth opening part 153a can partially expose the second
contact electrode 140 and can define a portion where the second electrode 163 is elec-
trically connected to the second contact electrode 140. As illustrated, the third opening
part 153a and the fourth opening part 153b can be formed to be biased to the sides
opposite each other.

Next, referring to FIGS. 14a to 16, the first electrode 161, the second electrode 163,
and the insulating part 170 can be formed on the light emitting structure 120 and the
second insulating layer 153. This will be described below in detail.

Referring first to FIG. 14a, a pre first electrode 1611 and a pre second electrode 1631
can be formed on the third opening part 153a and the fourth opening part 153b, re-
spectively.

The pre first electrode 1611 and the pre second electrode 1631 can include a viscous
material including metal particles and a nonmetallic material interposed between the
metal particles. In this case, the viscous material can be formed on the light emitting
structure by dispensing, for example, a dotting method, thereby forming the pre first
electrode 1611 and the pre second electrode 1631. The pre first electrode 1611 and the
pre second electrode 1631 can each contact the first contact electrode 130 and the
second contact electrode 140 through the third opening part 153a and the fourth
opening part 153b.

The pre first electrode 1611 and the pre second electrode 1631 have viscosity and as

illustrated, can be formed on the light emitting structure 120 in an arch shape. Further,



22

WO 2016/047950 PCT/KR2015/009614

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

the pre first electrode 1611 and the pre second electrode 1631 can have viscosity, and
therefore can easily contact the first and second contact electrodes 130 and 140
through the third opening part 153a and the fourth opening part 153b.

The pre first electrode 1611 and the pre second electrode 1631 can be formed by the
dispensing method, such that the region in which the electrode 160 is formed can be
relatively accurately controlled and an interval between the first and second electrodes
161 and 163 can be reduced to about 300 ym.

Meanwhile, unlike this, as illustrated in FIG. 14b, the pre first electrode 1612 and the
pre second electrode 1632 can also be formed by other methods.

Referring to FIG. 14b, the pre first electrode 1612 and the pre second electrode 1632
can also be formed on the light emitting structure 120 by application, for example, a
screen printing method. In this case, the region in which the pre first electrode 1612
and the pre second electrode 1632 are formed is defined by a mask 410 and then an
upper surface of the mask is applied with the viscous material, such that the pre
electrodes 1612 and 1632 can be formed as illustrated in FIG. 13(b).

The pre first electrode 1612 and the pre second electrode 1632 can be formed by the
applying method such as the screen printing method to shorten the formation time of
the pre electrodes 1612 and 1632, thereby shortening the process time.

However, in the process to be described below, the case in which the pre electrodes
1611 and 1631 are formed by the dispensing method as illustrated in FIG. 14a will be
described.

Next, referring to FIG. 15, the pre electrodes 1611 and 1631 can be heated and
sintered. Therefore, a first electrode 161" and a second electrode 163’ can be provided.

The pre electrodes 1611 and 1631 can be sintered at a low temperature of 300 °C or
less and the metal particles can be modified to sintered metal particles form during the
sintering process. In this case, some of the nonmetallic materials are interposed
between the metal particles and thus can be included in sintered metal particles.

The volumes of the pre electrodes 1611 and 1631 can be reduced while the pre
electrodes 1611 and 1631 are sintered into the electrode 160. Therefore, the first
electrode 161' and the second electrode 163’ can be formed in the form as illustrated in
FIG. 15. In detail, the volumes of the pre electrodes 1611 and 1631 can little be
reduced at the portion where the pre electrodes 1611 and 1631 contact the light
emitting structure 120 and the second insulating layer 153 during the sintering process.
On the other hand, the volumes of the pre electrodes 1611 and 1631 can be reduced at
the portion where the pre electrodes 1611 and 1631 contact external air. Therefore, as
illustrated in FIG. 15, sides of the first electrode 161" and the second electrode 163’ can
be bent. Therefore, the first electrode 161" and the second electrode 163’ can each

include inclined sides of which the tangential TL gradients with respect to sides of



23

WO 2016/047950 PCT/KR2015/009614

[167]

[168]

[169]

[170]

vertical cross sections thereof are changing. In particular, in terms of the characteristics
of the sintering process, the tangential TL gradients with respect to the sides of the
vertical cross sections of each of the first electrode 161" and the second electrode 163’
can be increased from bottom toward top and then can again be decreased by passing
through a certain point of inflection.

Meanwhile, the pre electrodes 1611 and 1631 can be sintered at a low temperature of
300 °C or less and therefore the light emitting structure 120, the insulating layers 151
and 153, and the contact electrodes 130 and 140 cannot be damaged by heat during the
sintering process. In particular, when the contact electrodes 130 and 140 include Ag,
sintering process can be performed at low temperature and therefore the reflectivity of
Ag is not aggravated due to heat, thereby preventing the light emitting efficiency of the
light emitting device from reducing.

Next, referring to FIG. 16, the insulating part 170 covering the first electrode 161,
the second electrode 163', and the second insulating layer 153 is formed. Further, the
first electrode 161 and the second electrode 163 can be formed so that the upper
surfaces of the first electrode 161 and the second electrode 163 can be exposed by
removing some of the insulating part 170 and the upper portions of the first electrode
161" and the second electrode 163'.

The insulating part 170 can be formed by applying and curing the insulating material
such as EMC. Further, after the insulating part 170 is formed, the first and second
electrodes 161 and 163 can be formed by partially removing the insulating part 170
and some of the upper portions of the first electrode 161" and the second electrode 163’
along a predetermined line L-L using physical methods such as grinding. However, the
disclosed technology is not limited thereto, and therefore the insulating part 170, the
first electrode 161, and the second electrode 163’ can be partially removed by using
various methods known to those skilled in the art, for example, etching, a physico-
chemical method, etc.

As such, according to the exemplary embodiment of the disclosed technology, the
first and second electrodes 161 and 163 are formed by using the sintering method. The
first and second electrodes 161 and 163 fabricated by the sintering method can have an
arch form to improve the mechanical stability at the interface with the insulating part
170, thereby improving the reliability of the light emitting device. Further, at the time
of fabricating the first and second electrodes 161 and 163 by the sintering method, the
stress applied to the light emitting structure 120 is lower than the case in which the
electrode is formed by the plating method or the deposition method, thereby preventing
the light emitting structure 120 from being cracked or damaged. Further, the sintering
method process can have a simpler process than the plating method or the method of

using a solder and the electrodes contacting the contact electrodes can be formed
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without forming an additional component such as a seed layer and a wetting layer,
thereby simplifying the process of fabricating a light emitting device.

Next, referring to FIG. 17, the first electrode pad 181 and the second electrode pad
183 can be formed on the insulating part 170 on which the first and second electrodes
161 and 163 are exposed.

The first electrode pad 181 and the second electrode pad 183 can each be formed to
contact the first electrode161 and the second electrode 163 and can be formed using
the methods such as plating and deposition.

Referring to FIG. 18, the growth substrate 110 is separated from the light emitting
structure 120.

The growth substrate 110 can be separated and/or removed from the light emitting
structure 120 by the methods such as laser lift off, chemical lift off, stress lift off,
thermal lift off, lapping, etc. Therefore, one surface of the light emitting structure 120,
that is, the first conductivity type semiconductor layer 121 can be exposed. Further, the
growth substrate 100 is removed, such that some of the lower surface of the first in-
sulating layer 151 can be exposed.

After the growth substrate 100 is separated from the light emitting structure, a
process of increasing surface roughness of the exposed surface of the first conductivity
type semiconductor layer 121 can be further performed. Therefore, the surface of the
first conductivity type semiconductor layer 121 can be provided with roughness
including protrusions and/or depressions having a scale of ym to nm. The roughness
can be formed by performing dry etch, wet etch, and/or electrochemical etch on the
surface of the first conductivity type semiconductor layer 121. For example, the
roughness can be formed by performing the wet etch on one surface of the light
emitting structure 120 using a solution including at least one of KOH and NaOH or can
be formed by PEC etch. Further, the roughness R can also be formed by a combination
of the dry etch and the wet etch. Methods of forming the above roughness are only
examples and therefore the roughness can be formed on the surface of the light
emitting structure 120 using various methods known to those skilled in the art. Ex-
traction efficiency of the light emitting device can be improved by forming the
roughness on the surface of the light emitting structure 120.

Next, referring to FIG. 19, the wavelength conversion unit 190 can be formed on the
light emitting structure 120 exposed by separating the growth substrate 110 therefrom.
Therefore, the light emitting device as illustrated in FIG. 19 can be provided.

The wavelength conversion unit 190 can be provided by applying a carrier including
a phosphor on the light emitting structure 120 and curing the applied carrier. Unlike
this, the wavelength conversion unit 190 separately fabricated like a phosphor sheet

can also be provided by being attached on the light emitting structure 120. Further,
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some of the wavelength conversion unit 190 can contact the first insulating layer 151.

Further, unlike that illustrated, the wavelength conversion unit 190 can also be
formed to further cover the side of the light emitting structure 120 and can be formed
to further cover the side of the insulating part 170.

In various embodiments, when the isolation region 120i is not formed before the first
insulating layer 151 is formed, the light emitting device having the structure illustrated
in FIGS. 20(a) and 20(b) can be provided.

Referring to FIG. 20(a), if the isolation region 120i is not formed before the first in-
sulating layer 151 is formed, the lower surface of the first insulating layer 151 is not
exposed even though the growth substrate 110 is separated. Therefore, the wavelength
conversion unit 190 can be formed to cover only the lower surface of the first con-
ductivity type semiconductor layer 121.

Further, as illustrated in FIG. 20(b), even though the isolation region 1201 is not
formed before the first insulating layer 151 is formed, the wavelength conversion unit
190 can also be formed to further cover the side of the first conductivity type semi-
conductor layer 121. In this case, a portion of the first insulating layer 151 can contact
the wavelength conversion unit 190.

FIGS. 21 to 28 are cross-sectional views for describing a method of fabricating a
light emitting device according to another exemplary embodiment of the disclosed
technology. In the drawings of the present exemplary embodiments, the light emitting
device of FIG. 24 can be provided according to the fabricating method of FIGS. 21 and
22 and the light emitting device of FIG. 25 can be provided according to the fab-
ricating method of FIGS. 21 and 23. According to the present exemplary embodiment,
a method of fabricating the plurality of first and second electrodes 161 and 163 formed
on the wafer 100 will be described.

First, referring to FIGS. 21(a) to 21(c), at least one insulating part 170 can be formed
on the wafer 100.

In detail, referring to FIG. 21(a), the mask 210 including at least one opening part
211 can be formed on the wafer 100.

The wafer 100 can include the growth substrate and the semiconductor layers formed
by being grown on the growth substrate. In particular, the wafer 100 can include the
light emitting structure including the first conductivity type semiconductor layer, the
active layer, and the second conductivity type semiconductor layer and the light
emitting structure can be disposed on the growth substrate. That is, the wafer 100 can
include a structure in which the light emitting structure is formed on a large area
growth substrate to fabricate the light emitting device. Therefore, the growth substrate
is not limited as long as it is a substrate on which the light emitting structure can be

grown. For example, the growth substrate can be a sapphire substrate, a silicon carbide
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substrate, a silicon substrate, a gallium nitride substrate, an aluminum nitride substrate,
or the like.

The wafer 100 can include at least one device region DR and each device region DR
can include the first contact electrode and the second contact electrode. In this case, the
first contact electrode and the second contact electrode each can be electrically
connected to the first conductivity type semiconductor layer and the second con-
ductivity type semiconductor layer. Therefore, at least one light emitting device can be
provided from the wafer 100 and when the wafer 100 includes the plurality of device
regions DRs, the plurality of light emitting devices can be provided by a process of
isolating the plurality of device regions into individual devices. This will be described
below in detail.

The mask 210 can be grown on the growth substrate and can have at least one
opening part 211. The upper surface of the wafer 100 can be partially exposed through
the opening part 211.

The mask 210 can include any material which can define the opening part 211 to
partially expose the wafer 100. For example, the mask 210 can include a photoresist.
When the mask 210 includes the photoresist, the photoresist can be applied on the
wafer 100 and then patterned to form the opening part 211, thereby forming the mask
210.

Meanwhile, the opening part 211 of the mask 210 can correspond to the region in
which the insulating part 170 is formed in the process to be described below.
Therefore, widths D1 and D2 of the opening part 211 can correspond to a width of the
insulating part 170 and can be determined depending on the width of the insulating part
170 to be formed.

The opening part 211 can be formed to have at least two different widths. Some of
the opening parts 211 can be disposed on one device region DR and the rest of the
opening parts 211 can be formed over adjacent device regions DRs. In this case, the
width of the opening part 211 disposed on one device region DR and the width of the
opening part 211 formed over the adjacent device regions DRs can be different from
each other.

For example, the width of the opening part 211 disposed on the one device region
DR can be defined as D1 and the width of the opening part 211 disposed over the
adjacent device regions DRs can be defined as D2. In this case, the D1 and the D2 can
be different from each other, the D2 can be greater than the D1, further, a half value of
the D2 can be greater than that of the D1. During the process of isolating the individual
devices to be described below, the insulating part 170 formed in the region corre-
sponding to the opening part 211 having the width of the D2 is separated along a

device separation line L. In this case, for each individual device, the insulating part 170
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having the width corresponding to the half value of the D2 can be formed along the
outer side of the light emitting device.

[192] Further, according to the exemplary embodiment of the disclosed technology, the
width D1 of the opening part 211 disposed on the one device region DR can be equal
to or less than 100 um, in particular, range from about 10 to 80 xm.

[193] Next, referring to FIG. 21(b), the insulating part 170 filing at least some of the
opening part 211 of the mask 210 can be formed.

[194] The insulating part 170 can include a material having electrical insulating property.
For example, materials such as an epoxy molding compound (EMC) and Si resin can
be applied on the wafer 100 to cover the mask 210 and can be then cured, thereby
forming the insulating part 170. When the cured insulating part 170 is formed higher
than a height of the mask 210 to completely cover the mask 210, the upper portion of
the cured insulating part 170 can be partially removed to form the insulating part 170
as illustrated. However, the disclosed technology is not limited thereto, and therefore
the insulating part 170 can also be formed by the deposition and patterning processes.
In addition, the insulating part 170 can also include light-reflective and/or light
scattering particles such as TiO, particles.

[195] The insulating part 170 formed to fill at least some of the opening part 211 can have
a width corresponding to the width of the opening part 211. Therefore, the insulating
part 170 can have a width of about 10 to 80 pm. Further, the insulating part 170 can
have a height corresponding to the height of the mask 210 and can have, for example, a
thickness of about 50 to 80 ym or more.

[196] Meanwhile, prior to forming the insulating part 170, the isolation process of isolating
the light emitting structures of each device region DR of the wafer 100 in the device
unit is performed. Although not illustrated, in this case, the light emitting structure on
the growth substrate is isolated in the device unit, and thus grooves can be formed on
the light emitting structure between each device regions DRs. The insulating part 170
can be formed to further fill the groove and the insulating part 170 can be formed to
cover at least a portion of sides of the light emitting structure. Therefore, in the
fabricated light emitting device, the insulating part 170 can also be formed to further
cover the sides of the light emitting structure.

[197] Next, referring to FIG. 21(c), the insulating parts 170 spaced apart from each other
can be formed on the wafer 100 by removing the mask 210. Therefore, the upper
surface of the wafer 100 is exposed between the insulating parts 170.

[198] The mask 210 can be removed by various known methods such as an etch process.
When the mask 210 includes the photoresist, the mask 210 can be removed by a
chemical solution or the like to which the photoresist reacts.

[199] Therefore, the wafer 100 having the insulating parts 170 spaced apart from each
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other thereon is provided.

Next, referring to FIGS. 22 and 23, the electrodes 160 or 260 can be formed on the
wafer 100 and the wafer 100 can be isolated in an individual device unit. FIGS. 22(a)
to 22(e) and 23(a) to 23(e) are sectional views for describing a method of fabricating a
light emitting device according to different exemplary embodiments of the disclosed
technology, the light emitting device of FIG. 24 can be provided according to the
method of FIGS. 22(a) to 22(e), and the light emitting device of FIG. 25 can be
provided according to the method of FIGS. 23(a) to 23(e).

First, a method of fabricating a light emitting device according to an exemplary em-
bodiment of the disclosed technology will be described with reference to FIGS. 22(a)
to 22(e) and 24.

Referring to FIG. 22(a), a pre electrode 160a can be formed on the wafer 100.

The pre electrode 160a can include the viscous material including the metal particles
and the nonmetallic material interposed between the metal particles. In this case, the
viscous material can be formed on the wafer 100 to cover the upper surface of the
wafer 100 exposed between the insulating parts 170. Therefore, at least two pre
electrodes 160a spaced apart from each other having the insulating part 170
therebetween can be formed.

The metal particles 160m included in the viscous material can include materials
having thermal conductivity and electrical conductivity without any limitation. For
example, the metal particles 160m can include at least one of Cu, Au, Ag, and Pt. In
particular, according to the present exemplary embodiment, the metal particles can
include Ag particles. The nonmetallic material can be a polymer material including, for
example, C(carbon).

The viscous material can be applied on the wafer 100 using, for example, a dispenser
220. However, the disclosed technology is not limited thereto, the pre electrode 160a
can be formed on the wafer 100 using the method such as screen printing. The upper
surface of the pre electrode 160a can be formed to be substantially flush with the upper
surface of the insulating part 170, such that the insulating part 170 can be at least
partially exposed between the pre electrodes 160a.

Next, referring to FIG. 22(b), the electrode 160 is formed from the pre electrode
160a.

The electrode 160 can be formed by sintering the pre electrode 160a. For example,
the electrode 160 can be formed by heating the pre electrode 160a at a temperature of
about 300 °C or less. The metal particles of the pre electrode 160a can be modified into
the sintered form during the sintering process. In this case, at least some of the non-
metallic material are interposed between the metal particles and thus can be included in

the electrode 160. Within the electrode 160, the metal particles are sintered and thus



29

WO 2016/047950 PCT/KR2015/009614

[208]

[209]

[210]

[211]

can be formed in the form in which a plurality of grains are disposed and the non-
metallic material can be interposed in at least some region between the metal particles.
The nonmetallic material can serve as a buffer relieving the stress which can be applied
to the electrode 160. Therefore, the mechanical stability of the electrode 160 can be
improved and thus the stress which can be applied from the electrode 160 to the wafer
can be reduced.

The metal particles of the electrode 160 can be included at a ratio of 80 to 98 wt%
compared with a total mass of the electrode 160. The electrode 160 can include the
metal particles of the foregoing ratio to have the excellent heat conductivity and
electrical conductivity, and effectively buffer the stress which can be applied to the
electrode 160, thereby improving the mechanical stability of the electrode 160.

Meanwhile, the electrode 160 can have a volume smaller than that of the pre
electrode 160a. The volume of the pre electrode 160a can be reduced by solidification
and/or evaporation or the like of the nonmetallic material included in the pre electrode
160a during the sintering process, such that the volume of the electrode 160 can be
smaller than that of the pre electrode 160a. Further, the pre electrode 160a and the
wafer 100 are bonded to each other during the sintering process at the portion where
the pre electrode 160a and the wafer 100 contact each other, such that the pre electrode
160a of the portion can keep the substantially original bonded state even during the
sintering process. Therefore, the volume can be reduced at the portion of the pre
electrode 160a which is disposed over the interface of the wafer 100 with the pre
electrode 160a. As illustrated, a side 160s of the electrode 160 can be inclined. In
particular, an angle formed by the side 160s of the electrode 160 and the wafer 100 can
be less than 90°, for example can have an angle from 30° or more to less than 90°. In
this case, the electrode 160 can include the side 160s of which the tangential gradient
with respect to the side of the vertical cross section thereof is changing. Considering
the characteristics of the sintering process, the electrode 160 can be provided in a form
in which the tangential TL gradients with respect to the sides of the vertical cross
sections of each of the electrodes can be increased from bottom toward top and then
can again be decreased by passing through a certain point of inflection.

When the electrode 160 is formed by the sintering process, the volume of the
electrode 160 is smaller than that of the pre electrode 160a, such that a gap region can
be formed between the electrode 160 and the insulating part 170.

According to the present exemplary embodiment, the gap region between the in-
sulating parts 170 having a predetermined width is filled with the pre electrode 160a
and the electrode 160 is formed from the pre electrode 160a, such that the interval
between the electrodes 160 can be freely determined depending on the width of the in-

sulating part 170. Therefore, for the single light emitting device, the interval between
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the electrodes 160 can be easily formed at 100 pm or less, in particular, 10 to 80 zm.
Therefore, the interval between the first electrode 161 and the second electrode 163 of
the light emitting device 200a fabricated according to the present exemplary em-
bodiment can be set to be 10 to 80 xm. Accordingly, increasing of a forward voltage (V¢
) of the light emitting device 200a due to an increased interval between the electrodes
can be prevented. Further, the horizontal cross sectional area of the electrode as much
as the reduction in the interval between the electrodes can be increased, thereby
improving the heat emission efficiency of the light emitting device 200a.

Next, referring to FIG. 22(c), the insulating part 170 filling between the gap region
between the electrode 160 and the insulating part 170 can be further formed.

Therefore, the insulating part 170 can include a primary insulating part 171 primarily
formed and a secondary insulating part 173 secondarily formed. The primary insulating
part 171 and the secondary insulating part 173 can be made of the same material but
can include different materials. The secondary insulating part 173 can include the
epoxy molding compound (EMC), the Si resin, etc. The secondary insulating part 173
can be formed to cover the electrode 160 and the primary insulating part 171 using the
application method, etc., and then can be formed by the method of exposing the upper
surface of the electrode 160 by removing some of the upper portion thereof. However,
the disclosed technology is not limited thereto.

The secondary insulating part 173 can be formed, and thus the upper surface of the
wafer 100 and the insulating part 170 covering the side of the electrode 160 can be
formed.

The electrode 160 can include the inclined side of which the tangential gradient with
respect to the side of the vertical cross section thereof is changing, such that the me-
chanical stability at the interface of the insulating part 170 covering the side of the
electrode 160 with the electrode 160 can be improved.

Next, referring to FIG. 22(d), the electrode pads 180 disposed on the electrodes 160
can be formed.

The electrode pads 180 can be disposed on each of the electrodes 160 and can be
formed to be spaced apart from each other. The electrode pads 180 can be formed by
depositing or plating materials including metals, for example, Ni, Pt, Pd, Rh, W, Ti,
Al, Ag, Sn, Cu, Ag, Bi, In, Zn, Sb, Mg, Pb, etc. Further, each of the electrode pads 180
can be formed of a single layer structure or a multilayer structure.

The electrode pads 180 can be formed to have an area larger than that of the upper
surfaces of each of the electrodes 160. Therefore, a portion of the electrode pads 180
can contact the insulating part 170. Further, the electrode pads 180 can be electrically
connected to the electrodes 160.

The electrode pad 180 is formed, such that the light emitting device fabricated
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according to the present exemplary embodiment can be more stably mounted on a
separate additional substrate, etc., when being applied to the module, etc. For example,
when the electrode 160 includes a Cu or Ag particle sintered body, the electrode 160
has poor wettability for a solder, etc. The electrode pad 180 can be formed on the in-
sulating part 170, such that the light emitting device can be stably mounted.

Next, referring to FIG. 22(e), the wafer 100 is isolated along the device isolation line
L and therefore at least one light emitting device 200a as illustrated in FIG. 24 can be
formed.

The device isolation line L can correspond to a portion between the device regions
DRs of the wafer 100. Isolating the wafer 100 into a plurality of individual devices can
include using physical methods such as etching, scribing, and breaking. Some of the
insulating parts 170 are disposed on the device isolation line L and can be diced along
with the wafer 100 while the wafer 100 is isolated.

According to the present exemplary embodiment, the width of the insulating part 170
formed over the adjacent device regions DRs can be freely determined. Therefore, the
width of the insulating part 170 formed over the adjacent device regions DRs can be
sufficiently large, thereby preventing the electrode 160 from being damaged due to a
laser or a dicing tool during the individual device isolation.

That is, the widths of the insulating parts 170 formed between the electrodes 160 can
be freely determined, such that the width D1 between the electrodes disposed on one
device region DR can be relatively small and the width D2 between the electrodes
disposed over the adjacent device regions DRs can be relatively large. Therefore, it is
possible to improve the heat emission efficiency of the fabricated light emitting device,
prevent the forward voltage from increasing, and effectively prevent the light emitting
device from being damaged during the individual device isolation.

Meanwhile, according to the present exemplary embodiment, the method of fab-
ricating a light emitting device can further include separating the growth substrate of
the wafer 100 from the light emitting structure prior to isolating the wafer 100 in the
individual device unit. The growth substrate 110 can be separated and removed from
the light emitting structure 120 by the methods such as laser lift off, chemical lift off,
stress lift off, thermal lift off, lapping. Further, an additional surface treatment process
can be further performed on one surface of the light emitting structure in which the
growth substrate is separated and exposed. By the surface treatment process, the
roughness of the one surface of the light emitting structure can be increased and the
light extraction efficiency of light emitted through the one surface of the light emitting
structure having the increased roughness can be improved.

Further, according to the present exemplary embodiment, before and/or after the

wafer 100 is isolated in the individual device unit, the wavelength conversion unit
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including a phosphor can be further formed on the lower surface of the wafer 100.

Referring to FIG. 24, a light emitting device 200a according to the present exemplary
embodiment will be described in detail. The light emitting device 200a include the
light emitting unit 100L and the electrode 160 and can further include the insulating
part 170 and the first and second electrode pads 181 and 183. The light emitting device
200a of FIG. 24 can be substantially similar to the light emitting device 100 of FIG. 2
and the light emitting device 200a according to the present exemplary embodiment will
be described below based on the difference.

The light emitting unit 100L can include the light emitting structure including the
first conductivity type semiconductor layer, the second conductivity type semi-
conductor layer, and the active layer disposed between the first and second con-
ductivity type semiconductor layers and can include the first contact electrode and the
second contact electrode ohmic-contacting the first and second conductivity type semi-
conductor layers, respectively. According to the foregoing fabricating method, the light
emitting unit 100L can be provided while being separated from the wafer 100.

The light emitting unit 100L and the light emitting structure can have various forms
having the structure in which the first electrode 161 and the second electrode 163 can
be disposed on one surface (upper surface of the light emitting unit in the drawing) of
the light emitting unit 100L.

The electrode 160 can be disposed on the light emitting unit 100L and can also
include the first electrode 161 and the second electrode 163. In this case, the first
electrode 161 and the second electrode 163 each can be electrically connected to the
first and second contact electrodes and the first and second electrodes 161 and 163 can
directly contact the light emitting structure.

The first electrode 161 and the second electrode 163 can each include an inclined
side. An angle 0 formed by the sides of the electrodes 160 and the upper surface of the
light emitting unit 100L can be less than 90°. For example, the angle 0 can be 30° < 0
< 90°.

Further, as illustrated, the first electrode 161 and the second electrode 163 can each
include the inclined sides of which the tangential gradients with respect to the sides of
vertical cross sections thereof are changing. Further, the tangential gradients with
respect to the sides of the vertical cross sections of each of the first electrode 161 and
the second electrode 163 can be increased from bottom toward top and then can again
be decreased by passing through a certain point of inflection.

The first electrode 161 and the second electrode 163 can each include the inclined
sides of which the tangential gradients with respect to the sides of the vertical cross
sections thereof are changing, such that mechanical stability at the interface of the in-

sulating part 170 with the first electrode 161 and the second electrode 163 can be
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improved. The first electrode 161 and the second electrode 163 can include the metal
particles and can further include the nonmetallic material interposed between the metal
particles. Further, the metal particles and the nonmetallic material can be formed in the
sintered form.

A half value of a shortest distance of an interval 160D1 between the first electrode
161 and the second electrode 163 can be smaller than a shortest distance 160D2 from
one side of one of the first and second electrodes 161 and 163 to the outer side of the
insulating part 170. Further, the shortest distance of the interval 160D1 between the
first electrode 161 and the second electrode 163 can be smaller than the shortest
distance 160D2 from the one side of one of the first and second electrodes 161 and 163
to the outer side of the insulating part 170. That is, the electrodes 160 can be formed to
be relatively biased to a central portion of the light emitting device 200a. In the light
emitting unit 100L, the insulating layer, the contact electrode, etc., can be disposed on
the side of the light emitting unit 100L, such that the light emitting region (active
layer) can be disposed to be mainly biased to the central portion of the light emitting
unit 100L. Most of the heat generated when the light emitting device 200a emits light
can be generated from the light emitting region. According to the present exemplary
embodiment, the electrode can be relatively biased to the central portion of the light
emitting device 200a, such that the heat generated when the light emitting device 200a
is driven can be more efficiently emitted through the electrode 160.

Further, the shortest distance of the interval 160D1 between the first electrode 161
and the second electrode 163 can be equal to or less than 100 ym, in particular, can
range from 10 to 80 xm. According to the exemplary embodiment of the disclosed
technology, the shortest distance of the interval 160D1 can be within the foregoing
range. Accordingly, increasing of a forward voltage (V;) of the light emitting device
200a due to an increased interval 160D 1 between the electrodes 160 can be prevented.
Further, the horizontal cross sectional area of the electrode as much as the reduction in
the interval 160D1 between the electrodes can be increased, thereby improving the
heat emission efficiency of the light emitting device 200a.

Further, the first electrode 161 and the second electrode 163 can have a thickness
ranging from about 50 to 80 pm. The light emitting device according to the exemplary
embodiment of the disclosed technology includes the electrode 160 having the
thickness within the foregoing range, and as a result the light emitting device itself can
be used as a chip scale package. The first electrode 161 and the second electrode 163
each can be formed to directly contact the first and second contact electrodes. By this
configuration, separate additional components such as a seed layer required for the
plating method and a wetting layer required for a solder can be omitted.

Meanwhile, the light emitting device 200a can further include the wavelength
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conversion unit (not illustrated) disposed on the lower surface of the light emitting unit
100L. The wavelength conversion unit can wavelength-convert the light emitted from
the light emitting unit 100L, such that the light emitting device 200a emitting light
having various wavelength bands can be implemented.

Next, a method of fabricating a light emitting device according to another exemplary
embodiment of the disclosed technology will be described with reference to FIGS.
23(a) to 23(e) and 25. The method of fabricating a light emitting device according to
the present exemplary embodiment is substantially similar to the exemplary em-
bodiment described with reference to FIGS. 22(a) to 22(e) and 24, but can have a
difference in the pre electrode 260a and the electrode 260. The present exemplary em-
bodiment will be described below based on the difference and all of the technical
features, configuration, and limitations described with reference to FIGS. 22(a) to
22(e) and 24 can be applied to the present exemplary embodiment. Further, the
detailed description of the same configuration will be omitted.

Referring to FIG. 23(a), a pre electrode 260a can be formed on the wafer 100.

The pre electrode 260a can be formed to cover the upper surface of the wafer 100
exposed between the insulating parts 170 on the wafer 100, in particular, can be
formed to completely cover the insulating parts 170. The pre electrode 260a can be
formed by applying the viscous material including the metal particles and the non-
metallic material on the wafer 100. In this case, the pre electrode 260a can be applied
on the wafer 100 at a thickness larger than the height of the insulating parts 170 so as
to completely cover the insulating parts 170.

Next, referring to FIG. 23(b), the electrode 260 is formed from the pre electrode
260a.

The electrode 260 can be formed by sintering the pre electrode 260a. For example,
the electrode 260 can be formed by heating the pre electrode 260a at a temperature of
about 300 °C or less. The metal particles of the pre electrode 260a can be modified into
the sintered form during the sintering process. While the electrode 260 is formed by
the sintering, a volume of the pre electrode 260a can be reduced and thus the pre
electrode 260a can be formed as the electrode Therefore, as illustrated, the electrode
260 can have a volume smaller than that of the pre electrode 260a. Further, according
to the present exemplary embodiment, the pre electrode 260a can be sintered and thus
even after the volume thereof is reduced, the electrode 260 can be formed in the state
in which it covers the insulating parts 170. Therefore, a side 260s of the electrode 260
can be formed to be substantially perpendicular to the upper surface of the wafer 100.

The pre electrode 260a and the electrode 260 can have a difference in the fabricating
method from the pre electrode 160a and the electrode 160 of FIGS. 22(a) to 22(e), but

they can be substantially made of the same material.
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Next, referring to FIG. 23(c), the insulating part 170 can be exposed by partially
removing the electrode 260.

Some of the upper portion of the electrode 260 can be removed. For example, as il-
lustrated, the upper surface of the insulating part 170 can be exposed by partially
removing the electrode 260 which is disposed at the upper portion of a predetermined
virtual line F-F. A portion of the electrode 260 can be removed by, for example, a
lapping process.

Therefore, the plurality of electrodes 260 disposed in the region between the in-
sulating parts 170 can be formed. Further, each of the formed electrodes 260 can be
formed to contact the side of the insulating part 170 and the side of the electrode 260
can be formed to be substantially perpendicular to the upper surface of the wafer 100.

Referring to FIG. 23(d), the electrode pads 180 disposed on the electrodes 260 can be
formed. Next, referring to FIG. 23(e), the wafer 100 can be isolated along the device
isolation line L to form at least one light emitting device 200b as illustrated in FIG. 25.

According to the fabricating method according to the present exemplary em-
bodiment, as illustrated in FIG. 25, the light emitting device 200b in which the sides
260s of the electrode 261 and 263 are formed to be substantially perpendicular to the
upper surface of the light emitting unit 100L can be provided. The light emitting
device 200b of FIG. 25 is substantially similar to the light emitting device 200a of FIG.
24 but can have a difference in the fact that the sides of the electrodes 261 and 263 are
formed to be substantially vertical.

A half value of a shortest distance of an interval 260D 1 between the first electrode
261 and the second electrode 263 can be smaller than a shortest distance 260D2 from
one side of one of the first and second electrodes 261 and 263 to the outer side of the
insulating part 170. Further, the shortest distance of the interval 260D1 between the
first electrode 261 and the second electrode 263 can be smaller than the shortest
distance 260D2 from the one side of one of the first and second electrodes 261 and 263
to the outer side of the insulating part 170. That is, the electrodes 260 can be formed to
be relatively biased to a central portion of the light emitting device 200b. In the light
emitting unit 100L, the insulating layer, the contact electrode, etc., can be disposed on
the side of the light emitting unit 100L, such that the light emitting region (active
layer) can be disposed to be mainly biased to the central portion of the light emitting
unit 100L. Most of the heat generated when the light emitting device 200b emits light
can be generated from most of the light emitting region. According to the present
exemplary embodiment, the electrode 160 can be relatively biased to the central
portion of the light emitting device 200b, such that the heat generated when the light
emitting device 200b is driven can be more efficiently emitted through the electrode
160. Further, the interval 260D1 between the first electrode 261 and the second
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electrode 263 can be equal to or less than 100 xm, in particular, can range from 10 to 80
Lam.

According to the present exemplary embodiment, the side 260s of the electrode 260
can be formed to be substantially perpendicular to the light emitting unit 100L, such
that the heat emission efficiency by the electrode 260 can be more improved.

FIGS. 26 to 30 are cross-sectional views for describing a method of fabricating a
light emitting device according to another exemplary embodiment of the disclosed
technology. In the drawings of the present exemplary embodiments, the light emitting
device of FIG. 29 can be provided according to the fabricating method of FIGS. 26 and
27(a) to 27(f) and the light emitting device of FIG. 30 can be provided according to the
fabricating method of FIGS. 26 and 28(a) to 28(h). Further, according to the present
exemplary embodiment, the detailed description of the substantially same components
as those described with reference to the exemplary embodiment of FIGS. 21 to 25 will
be omitted. The same reference numerals are applied to the same components.

First, referring to FIG. 26, the mask 210 including at least two opening parts 211 can
be formed on the wafer 100.

The photoresist can be applied on the wafer and then patterned to form the opening
213, thereby providing the mask 210. In this case, the at least adjacent two opening
parts 213 can be disposed on one device region DR.

Masking regions of the mask 210 can be formed to have at least two different widths.
Some of the masking regions can be disposed on one device region DR and the rest of
the masking regions can be formed over the adjacent device regions DRs. In this case,
a width D1' of the masking region disposed on the one device region DR can be
different from a width of a masking region D2' formed over the adjacent device regions
DRs.

For example, the width of the masking region disposed on the one device region DR
can be defined as D1' and the width of the masking region disposed over the adjacent
device regions DRs can be defined as D2'. In this case, the D1' and the D2' can be
different from each other, the D2' can be larger than the D1', and a half value of the D2’
can be larger than that of the D1'. During the process of isolating the individual devices
to be described below, the insulating part 170 formed in the region corresponding to
the masking region having the width of the D2' is separated along the device separation
line L. In this case, for each individual device, the insulating part 170 having the width
corresponding to the half value of the D2' can be formed along the outer side of the
light emitting device.

Further, the width D1’ of the masking region of the mask 210 disposed on the one
device region DR can be equal to or less than 100 gm, in particular, range from about
10 to 80 pm.
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The interval between the electrodes 160 during the subsequent process can be de-
termined depending on the width of the masking region of the mask 210.

Next, referring to FIGS. 27(a) to 27(f) and 28(a) to 28(h), the electrodes 160 or 260
and the insulating parts 170 can be formed on the wafer 100 and the wafer 100 can be
isolated in the individual device unit. FIGS. 27(a) to 27(f) and 28(a) to 28(h) are
sectional views for describing a method of fabricating a light emitting device according
to different exemplary embodiments of the disclosed technology, the light emitting
device of FIG. 29 can be provided according to the method of FIGS. 27(a) to 27(f), and
the light emitting device of FIG. 30 can be provided according to the method of FIGS.
28(a) to 28(h).

First, a method of fabricating a light emitting device according to another exemplary
embodiment of the disclosed technology will be described with reference to FIGS.
27(a) to 27(f) and 29.

Referring to FIG. 27(a), the pre electrode 160a can be formed on the wafer 100.

The pre electrode 160a can be formed by covering the upper surface of the wafer 100
exposed between the insulating parts 170 on the wafer 100 with the viscous material
including the metal particles and the nonmetallic material interposed between the metal
particles. Therefore, at least two pre electrodes 160a spaced apart from each other
having the insulating part 170 therebetween can be formed. The upper surface of the
pre electrode 160a can be formed to be substantially flush with the upper surface of the
insulating part 170, such that the insulating part 170 can be at least partially exposed
between the pre electrodes 160a.

Next, referring to FIG. 27(b), the electrode 160 is formed from the pre electrode
160a.

The electrode 160 can be formed by sintering the pre electrode 160a. For example,
the electrode 160 can be formed by heating the pre electrode 160a at a temperature of
about 300 °C or less. Therefore, the plurality of electrodes 160 filling the opening parts
213 of the mask 210 can be formed.

In the sintered process, the metal particles of the pre electrode 160a can be modified
into the sintered form and the nonmetallic material can be interposed between the
metal particles. Therefore, the electrode 160 can include the metal particles and the
nonmetallic material interposed between the metal particles. The metal particles of the
electrode 160 can be included at a ratio of 80 to 98 wt% compared with a total mass of
the electrode 160.

Further, the volume of the pre electrode 160a can be reduced by the solidification
and/or evaporation or the like of the nonmetallic material included in the pre electrode
160a during the sintering process, such that the volume of the electrode 160 can be

smaller than that of the pre electrode 160a. However, the pre electrode 160a and the
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wafer 100 are bonded to each other at the portion where the pre electrode 160a and the
wafer 100 contact each other, such that the pre electrode 160a of the portion can keep
the substantially original bonded state even during the sintering process. Therefore, the
volume can be reduced at the portion of the pre electrode 160a which is disposed over
the interface of the wafer 100 with the pre electrode 160a. As illustrated, a side 160s of
the electrode 160 can be inclined. In particular, the angle formed by the side 160s of
the electrode 160 and the wafer 100 can have 90° or less. In this case, the electrode 160
can include the side 160s of which the tangential gradient with respect to the side of
the vertical cross section thereof is changing. Considering the characteristics of the
sintering process, the tangential TL gradients can be provided in a form in which the
tangential TL gradients with respect to the sides of the vertical cross sections of each
of the electrodes can be increased from bottom toward top and then can again be
decreased by passing through a certain point of inflection.

Next, referring to FIG. 27(c), the electrodes 160 spaced apart from each other can be
formed on the wafer 100 by removing the mask 210. Therefore, the upper surface of
the wafer 100 is exposed between the electrodes 160.

The mask 210 can be removed by various known methods such as an etch process.
When the mask 210 includes the photoresist, the mask 210 can be removed by a
chemical solution or the like to which the photoresist reacts.

Although the present exemplary embodiment describes that the electrode 160 is
formed and the mask 210 is removed, the disclosed technology is not limited thereto,
but the sequence thereof can be altered.

Next, referring to FIG. 27(d), the spaced region between the electrodes 160 can be
provide with the insulating part 170.

The materials such as an epoxy molding compound (EMC) having electrical in-
sulating property and Si resin can be applied on the wafer 100 to cover the electrodes
160 on the wafer 100 and can be then cured, thereby forming the insulating part 170.
The insulating part 170 can be formed to fill the region between the electrodes and the
sides of the electrodes can contact the insulating part 170. Therefore, the electrodes
160 can be insulated from each other. In addition, the insulating part 170 can also
include light-reflective and/or light scattering particles such as TiO, particles.

Referring to FIG. 27(e), the electrode pads 180 disposed on the electrodes 160 can be
formed. Next, referring to FIG. 27(f), the wafer 100 can be isolated along the device
isolation line L to form at least one light emitting device 200a as illustrated in FIG. 29.

The light emitting device 200a is substantially the same as the light emitting device
of FIG. 24 and therefore the detailed description thereof will be omitted.

According to the present exemplary embodiment, unlike the exemplary embodiments
of FIGS. 21(a) to 21(c) and 22(a) to 22(e), the electrode 160 can be formed earlier than
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the insulating part 170. According to the present exemplary embodiment, the insulating
part 170 can be formed after the electrode 160 is formed, and therefore the volume of
the pre electrode 160a is reduced while the electrode 160 is formed, such that the
secondary insulating part 173 for filling the gap region between the electrode 160 and
the insulating part 170 need not be formed separately. Therefore, the process of fab-
ricating a light emitting device can be simplified.

First, a method of fabricating a light emitting device according to another exemplary
embodiment of the disclosed technology will be described with reference to FIGS.
28(a) to 28(h) and 30. The method of fabricating a light emitting device according to
the present exemplary embodiment is substantially similar to the exemplary em-
bodiment described with reference to FIGS. 27(a) to 27(f) and 29, but can have a
difference in the pre electrode 260a and the electrode 260. The present exemplary em-
bodiment will be described below based on the difference and all of the technical
features, configuration, and limitations described with reference to FIGS. 27(a) to 27(f)
and 29 can be applied to the present exemplary embodiment. Further, the detailed de-
scription of the same configuration will be omitted.

Referring to FIG. 28(a), the pre electrode 260a can be formed on the wafer 100.

The pre electrode 260a can be formed on the wafer 100 to cover the upper surface of
the wafer 100 exposed through the opening part 213, in particular, can be formed to
completely cover the mask 210. The pre electrode 260a can be formed by applying the
viscous material including the metal particles and the nonmetallic material on the
wafer 100. In this case, the pre electrode 260a can be applied on the wafer 100 at a
thickness larger than the height of the mask 210 so as to completely cover the mask
210.

Next, referring to FIG. 28(b), the electrode 260 is formed from the pre electrode
260a.

The electrode 260 can be formed by sintering the pre electrode 260a. For example,
the electrode 260 can be formed by heating the pre electrode 260a at a temperature of
about 300 °C or less. The metal particles of the pre electrode 260a can be modified into
the sintered form during the sintering process. While the electrode 260 is formed by
the sintering, a volume of the pre electrode 260a can be reduced and thus the pre
electrode 260a can be formed as the electrode Therefore, as illustrated, the electrode
260 can have a volume smaller than that of the pre electrode 260a. Further, according
to the present exemplary embodiment, the pre electrode 260a can be sintered and thus
even after the volume thereof is reduced, the electrode 260 can be formed in the state
in which it covers the mask 210. Therefore, a side 260s of the electrode 260 can be
formed to be substantially perpendicular to the upper surface of the wafer 100.

The pre electrode 260a and the electrode 260 can have a difference in the fabricating
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method from the pre electrode 160a and the electrode 160 of FIG. 27(a) to 27(f), but
they can be substantially made of the same material.

Next, referring to FIG. 28(c) and 28(d), the mask 210 can be exposed by partially
removing the electrode 260.

Some of the upper portion of the electrode 260 can be removed. For example, as il-
lustrated, the upper surface of the mask 210 can be exposed by partially removing the
electrode 260 which is disposed at the upper portion of a predetermined virtual line F-
F. A portion of the electrode 260 can be removed by, for example, a lapping process.

Therefore, the plurality of electrodes 260 disposed in the region between the in-
sulating parts 170 can be formed. Further, each of the formed electrodes 260 can be
formed to contact the side of the insulating part 170 and the side 260s of the electrode
260 can be formed to be substantially perpendicular to the upper surface of the wafer
100.

Referring to FIG. 28(e), the upper surface of the wafer 100 can be partially exposed
by removing the mask 210 between the electrodes 260. Therefore, the plurality of
electrodes 260 spaced apart from each other can be formed.

The mask 210 can be removed by various known methods such as an etch process.
When the mask 210 includes the photoresist, the mask 210 can be removed by a
chemical solution or the like to which the photoresist reacts.

Next, referring to FIG. 28(f), the spaced region between the electrodes 260 can be
provide with the insulating part 170.

The materials such as an epoxy molding compound (EMC) having electrical in-
sulating property and Si resin can be applied on the wafer 100 to cover the electrodes
260 on the wafer 100 and can be then cured, thereby forming the insulating part 170.
The insulating part 170 can be formed to fill the region between the electrodes and the
sides 260s of the electrodes 260 can contact the insulating part 170. Therefore, the
electrodes 160 can be insulated from each other. In addition, the insulating part 170
can also include light-reflective and light scattering particles such as TiO, particles.

Referring to FIG. 28(g), the electrode pads 180 disposed on the electrodes 260 can be
formed. Next, referring to FIG. 27(h), the wafer 100 can be isolated along the device
isolation line L to form at least one light emitting device 200b as illustrated in FIG. 30.

The light emitting device 200b is substantially the same as the light emitting device
of FIG. 25 and therefore the detailed description thereof will be omitted.

According to the exemplary embodiment of FIGS. 26 to 30, the electrode 160 or 260
is formed prior to forming the insulating part 170. Therefore, the interval between the
electrodes 160 or 260 can be adjusted depending on the width of the masking region of
the mask 210.

In detail, according to the present exemplary embodiment, the width of the insulating
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part 170 formed over the adjacent device regions DRs can be freely determined
depending on the width of the masking region of the mask 210. Therefore, the width of
the insulating part 170 formed over the adjacent device regions DRs can be sufficiently
large, thereby preventing the electrode 160 from being damaged due to a laser or a
dicing tool during the individual device isolation.

That is, the widths of the insulating parts 170 formed between the electrodes 160 can
be freely determined while the mask 210 is formed, such that the width D1' between
the electrodes 160 disposed on one device region DR can be relatively small and the
width D2' between the electrodes 160 disposed over the adjacent device regions DRs
can be relatively large. Therefore, it is possible to improve the heat emission efficiency
of the fabricated light emitting device, prevent the forward voltage from increasing,
and effectively prevent the light emitting device from being damaged during the in-
dividual device isolation.

FIGS. 31 and 32 are cross-sectional views for describing a light emitting device
according to another exemplary embodiment of the disclosed technology.

FIGS. 31 and 32 relate to a light emitting device having a general flip chip type
structure, which will be described below in detail. However, the same components as
those described with reference to FIGS. 21 to 30 are denoted by the same reference
numerals, and therefore the detailed description thereof will be omitted. Further,
according to the exemplary embodiment of the FIGS. 21 to 30, the technical features,
configurations, and limitations additionally described can be applied to the present
exemplary embodiments.

Referring first to FIG. 31, a light emitting device 200c can include the light emitting
structure 120, the electrode 160, the contact electrodes 130 and 140, and the insulating
part 170 and can further include the first and second electrode pads 181 and 183, the
insulating layer 150, and the wavelength conversion unit 190.

The light emitting structure 120 can include the first conductivity type semiconductor
layer 121, the active layer 121 disposed on the first conductivity type semiconductor
layer 123, and the second conductivity type semiconductor layer 125 disposed on the
active layer 123. In addition, the light emitting structure 120 can include a region in
which the first conductivity type semiconductor layer 121 is partially exposed by
partially removing the second conductivity type semiconductor layer 125 and the
active layer 123.

The contact electrodes 130 and 140 can include the first contact electrode 130 and
the second contact electrode 140. The first contact electrode 130 and the second
contact electrode 140 can each contact the first and second conductivity type semi-
conductor layers 121 and 125 by being disposed on the first and second conductivity

type semiconductor layers 121 and 125 and can ohmic-contact each of them.
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The first contact electrode 130 and the second contact electrode 140 can include
nitride based semiconductor and any material forming the ohmic contact. For example,
the first contact electrode 130 and the second contact electrode 140 can include metal,
conductive oxide, conductive nitride, etc.

The insulating layer 150 can partially cover the light emitting structure 120 and the
contact electrodes 130 and 140. The insulating layer 150 can cover the upper surface of
the light emitting structure 120, a side of a mesa including the second conductivity
type semiconductor layer 125 and the active layer 123, and a portion of the contact
electrodes 130 and 140. The insulating layer 150 can serve to more effectively insulate
the first contact electrode from the second electrode 140 and can also serve to protect
the light emitting structure from the external environment.

The electrode 160 can be disposed on the light emitting structure 120 and can also
include the first electrode 161 and the second electrode 163. In this case, the first
electrode 161 and the second electrode 163 can each be electrically connected to the
first contact electrode 130 and the second contact electrode 140 by being disposed on
the first contact electrode 130 and the second contact electrode 140. Therefore, the first
and second electrodes 161 and 163 each can be electrically connected to the first and
second conductivity type semiconductor layers 121 and 125.

Further, the first and second electrodes 161 and 163 can directly contact the contact
electrodes 130 and 140.

The first electrode 161 and the second electrode 163 can each include an inclined
side. The first electrode 161 and the second electrode 163 can each include the inclined
sides of which the tangential gradients with respect to the sides of vertical cross
sections thereof are changing. Further, the inclined sides of each of the first electrode
161 and the second electrode 163 can include a region in which the tangential gradient
is increased and a region in which the tangential gradient is reduced.

The first electrode 161 and the second electrode 163 can each include the inclined
sides of which the tangential gradients with respect to the sides of the vertical cross
sections thereof are changing, such that mechanical stability at the interface of the in-
sulating part 170 with the first electrode 161 and the second electrode 163 can be
improved.

Unlike this, the sides of each of the first electrode 161 and the second electrode 163
can be formed to be substantially perpendicular to the upper surface of the light
emitting structure 120. In this case, the heat emission efficiency by the first and second
electrodes 161 and 163 can be improved.

Meanwhile, the interval of the shortest distance between the first electrode 161 and
the second electrode 163 can be equal to or less than 100 zm, in particular, can range

from about 10 to 80 ym. In detail, according to the present exemplary embodiment, the
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shortest distance from the portion where the first electrode 161 contacts the insulating
part 150 to the portion where the second electrode 163 contacts the insulating part 150
can range from about 10 to 80 um. The shortest distance of the interval between the
first electrode 161 and the second electrode 163 can be provided within the foregoing
range to prevent the forward voltage VI from increasing. Further, the horizontal cross
sectional areas of the electrodes 161 and 163 can be large, such that the heat emission
efficiency of the light emitting device 200c can be improved. Further, the first
electrode 161 and the second electrode 163 can include the metal particles and the non-
metallic material interposed between the metal particles. Further, the first and second
electrodes 161 and 163 can each include the metal particles. The metal particles can be
included at a ratio of 80 to 98 wt% compared with the masses of each of the first and
second electrodes 161 and 163.

Further, the first electrode 161 and the second electrode 163 can have a thickness
ranging from about 50 to 80 pm. The light emitting device according to the exemplary
embodiment of the disclosed technology includes the electrode 160 having the
thickness within the foregoing range, and as a result the light emitting device itself can
be used as a chip scale package.

The insulating part 170 can be formed on the light emitting structure to cover the side
of the electrode 160. The first electrode 161 and the second electrode 163 can be
exposed on the upper surface of the insulating part 170.

The insulating part 170 can have an electrical insulating property and cover the sides
of the first and second electrodes 161 and 163 to effectively insulate the first and
second electrode 161 and 163 from each other. At the same time, the insulating part
170 can serve to support the first and second electrodes 161 and 163. The lower
surface of the insulating part 170 can be formed to be parallel with the lower surfaces
of the first electrode 161 and the second electrode 163 at substantially the same height.

The first electrode pad 181 and the second electrode pad 183 can be disposed on one
surface of the insulating part 170. In particular, as illustrated, the first electrode pad
181 and the second electrode pad 183 can be disposed on the lower surface of the in-
sulating part 170 on which the first and second electrodes 161 and 163 are exposed,
among the one surfaces of the insulating part 170.

The wavelength conversion unit 190 can be disposed on the lower surface of the light
emitting structure 120. The wavelength conversion unit 190 can convert a wavelength
of the light emitted from the light emitting structure 120 to let the light emitting device
to emit light having a desired wavelength band.

The light emitting device 200c can further include the growth substrate (not il-
lustrated). In this case, the growth substrate can be interposed between the light

emitting structure 120 and the wavelength conversion unit 190. Further, the insulating
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part 170 can also formed to further cover the side of the light emitting structure 120. In
this case, the wavelength conversion unit 190 can also contact the insulating part 170.

Meanwhile, the lower surface of the light emitting structure 120, that is, the lower
surface of the first conductivity type semiconductor layer 121 is separated from the
growth substrate, and then the roughness thereof can be increased and thus can include
the roughness. Therefore, a light emitting device 200d as illustrated in FIG. 32 can be
provided. FIG. 32 does not illustrate the wavelength conversion unit 190, but the light
emitting device 200d can also further include the wavelength conversion unit 190.

The roughness can be formed by performing dry etch, wet etch, and/or electro-
chemical etch on the surface of the of the first conductivity type semiconductor layer
121. For example, the roughness can be formed by performing the wet etch on one
surface of the light emitting structure 120 using a solution including at least one of
KOH and NaOH or can be formed by PEC etch. Further, the roughness can also be
formed by a combination of the dry etch and the wet etch. Therefore, the surface of the
first conductivity type semiconductor layer 121 can be provided with roughness
including protrusions and/or depressions having a scale of ym to nm. Methods of
forming the above roughness are only examples and therefore the roughness can be
formed on the surface of the light emitting structure 120 using various methods known
to those skilled in the art. The extraction efficiency of the light emitting device can be
improved by forming the roughness on the surface of the light emitting structure 120.

FIGS. 33(a) and 33(b) and 34 are plan views and a cross-sectional view for de-
scribing a light emitting device according to still another exemplary embodiment of the
disclosed technology. A light emitting device 200e of FIGS. 33(a) and 33(b) and 34
can be substantially similar to the light emitting device 100a of FIGS. 3(a) and 3(b)
and 4. However, the light emitting device 200e can have a difference in the number of
holes 120h and the disposition of the holes 120h and therefore the spaced distance of
the electrodes 161 and 163 will be described in more detail. However, the components
described in the foregoing exemplary embodiments and the same components are
denoted by the same reference numerals and therefore the detailed description thereof
will be omitted. Further, the technical features, configurations, and limitations addi-
tionally described in the foregoing exemplary embodiment can be applied to the
present exemplary embodiments.

FIG. 33(a) is a plan view of the light emitting device, FIG. 33(b) is a plan view for
describing positions of the holes 120h and positions of third and fourth opening parts
153a and 153b, and FIG. 34 is a cross-sectional view illustrating a cross section of a
region corresponding to the line A-A of FIGS. 33(a) and 33(b).

Referring to FIGS. 33(a) and 33(b) and 34, the light emitting device 200e can include

the light emitting structure 120 including the first conductivity type semiconductor
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layer 121, the active layer 123, and the second conductivity type semiconductor layer
125, the first contact electrode 130, the second contact electrode 140, the first in-
sulating layer 151, the second insulating layer 153, the first electrode 161, and the
second electrode 163. Further, the light emitting device 200e can further include the in-
sulating part 170, the first and second electrode pads 181 and 183, the growth substrate
(not illustrated), and the wavelength conversion unit (not illustrated).

The light emitting structure 120 can include the first conductivity type semiconductor
layer 121, the active layer 121 disposed on the first conductivity type semiconductor
layer 123, and the second conductivity type semiconductor layer 123 disposed on the
active layer. In addition, the light emitting structure 120 can include a region in which
the first conductivity type semiconductor layer 123 is partially exposed by partially
removing the second conductivity type semiconductor layer 125 and the active layer
121. For example, as illustrated, the light emitting structure 120 can include at least
one hole 120h penetrating through the second conductivity type semiconductor layer
125 and the active layer 123 to expose the first conductivity type semiconductor layer
121. The light emitting structure 120 can further include a roughness 120R formed on
the lower surface thereof. The roughness 120R can include protrusions and/or de-
pressions formed on a surface of the first conductivity type semiconductor layer 121
and having a scale of zm to nm. The extraction efficiency of the light emitting device
can be improved by forming the roughness on the surface of the light emitting structure
120.

A half value of a shortest distance of an interval 160D1 between the first electrode
161 and the second electrode 163 can be smaller than a shortest distance 160D2 from
one side of one of the first and second electrodes 161 and 163 to the outer side of the
insulating part 170. Further, the shortest distance of the interval 160D1 between the
first electrode 161 and the second electrode 163 can be smaller than the shortest
distance 160D2 from the one side of one of the first and second electrodes 161 and 163
to the outer side of the insulating part 170. That is, the electrodes 160 can be formed to
be relatively biased to a central portion of the light emitting device 200e. In the light
emitting device 200e according to the exemplary embodiment of the disclosed
technology, the insulating layers 151 and 153, the contact electrodes 130 and 140, or
the like can be disposed on the side of the light emitting structure 120, such that the
active layer 123 can be mainly disposed to be biased to the central portion of the light
emitting structure 120. The electrode 160 can be relatively biased to the central portion
of the light emitting device 200b, such that the heat generated from the active layer 123
when the light emitting device 200e is driven can be more efficiently emitted through
the electrode 160.

The description of the first electrode 161 and the second electrode 163 is sub-
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[318]

[319]

[320]

[321]

[322]

[323]

[324]

stantially similar to one described with reference to FIGS. 21 to 32 and therefore the
detailed description thereof will be omitted. In particular, the shortest distance of the
interval 160D1 of the first and second electrodes 161 and 163 can range from 10 to 80
Lam.

The wavelength conversion unit (not illustrated) can be disposed on the lower surface
of the light emitting structure 120. Some of the wavelength conversion unit can also
contact the first insulating layer 151. Further, the wavelength conversion unit can also
be formed to cover the side of the light emitting structure 120 and can be formed to
further cover the side of the insulating part 170.

The description of the wavelength conversion unit 190 is generally similar to that
described with reference to FIG. 31 and therefore the detailed description thereof will
be omitted.

Meanwhile, the light emitting device 200e can further include the growth substrate
(not illustrated) which is disposed on the lower surface of the light emitting structure
120. When the light emitting device 200e includes the wavelength conversion unit, the
growth substrate can be disposed between the light emitting structure 120 and the
wavelength conversion unit.

According to the exemplary embodiment of the disclosed technology, the light
emitting device having the structure in which a current can be uniformly dispersed in a
horizontal direction at the time of driving can adopt the first and second electrode
including the sintered metal particle. Therefore, even though the stress is applied to the
first and second electrodes due to heat generated when the light emitting device is
driven, the stress can be relieved thanks to the nonmetallic material included in the
electrode. Therefore, the reliability of the light emitting device can be improved.
Further, the shortest distance 160D1 of the interval of the first and second electrodes
161 and 163 can range from 10 to 80 ym, thereby implementing the low forward
voltage and effectively emitting the heat generated at the time of the driving.

FIGS. 35 and 36 are cross-sectional views for describing a light emitting apparatus
according to another exemplary embodiment of the disclosed technology.

Referring to FIG. 35, the light emitting apparatus can include the light emitting
device according to the exemplary embodiments of the disclosed technology and the
substrate 300. As the light emitting device, the light emitting devices described with
reference to FIGS. 21 to 34 can be applied and mounted on the substrate 300.

The light emitting device 200a can include the first and second electrode pads 181
and 183 and the first and second electrode pads 181 and 183 can each be bonded to
first and second conductive patterns 311 and 313, such that the light emitting device
200a can be mounted on the substrate 300. The first and second electrode pads 181 and

183 can be each formed on the first and second conductive patterns 311 and 313 by the
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[325]

[326]

[327]

[328]

solder or the conductive adhesive. As such, the light emitting device according to the
exemplary embodiment of the disclosed technology can be used as the chip scale
package which can be directly used without the separate packaging process.

Meanwhile, the light emitting device according to the exemplary embodiment of the
disclosed technology can be mounted on the substrate 300 without including the first
and second electrode pads 181 and 183. Referring to FIG. 36, the light emitting device
200a does not include the first and second electrode pads 181 and 183 and can be
bonded to the substrate 300 by bonding layers 231 and 233.

The bonding layers 231 and 233 can include metallic materials such as metal. For
example, the light emitting device 200a can be bonded to the substrate 300 by eutectic
bonding. For example, when the first and second conductive patterns 311 and 313
include Au, the light emitting device 200a can be effectively bonded on the substrate
300 by the bonding layers 231 and 233 including an Au/Sn alloy having the eutectic
structure. However, the disclosed technology is not limited thereto.

Although various exemplary embodiments of the disclosed technology have been
described hereinabove, the disclosed technology is not limited to the respective
exemplary embodiments and features described above. Modifications through com-
bination and substitution of technical features described in the exemplary embodiments
are included in the scope of the disclosed technology, and various modifications and
alterations can be made without departing from the spirit of the disclosed technology

as defined in the claims.
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Claims
A light emitting device, comprising:
a light emitting structure including a first conductivity type semi-
conductor layer, a second conductivity type semiconductor layer, and
an active layer disposed between the first conductivity type semi-
conductor layer and the second conductivity type semiconductor layer,
and including a first surface and a second surface opposite to the first
surface;
first and second contact electrodes disposed on the first surface of the
light emitting structure, and each ohmic-contacting the first and second
conductivity type semiconductor layers, respectively;
a first electrode disposed on the first surface of the light emitting
structure and electrically connected to the first contact electrode;
a second electrode disposed on the first surface of the light emitting
structure and electrically connected to the second contact electrode; and
an insulating part covering sides of the first and second electrodes and
the first surface of the light emitting structure,
wherein the first and second electrodes each include metal particles,
and
the first and second electrodes each include inclined sides of which the
tangential gradients with respect to sides of vertical cross sections
thereof are changing.
The light emitting device of claim 1, wherein the inclined side includes
aregion in which the tangential gradient is increased and a region in
which the tangential gradient is reduced.
The light emitting device of claim 1 or 2, wherein horizontal cross
sectional areas of each of the first and second electrodes are gradually
reduced toward a direction far away from the first surface of the light
emitting structure.
The light emitting device of claim 1, wherein the first and second
electrodes are exposed on one surface of the insulating part.
The light emitting device of claim 4, further comprising:
a first electrode pad and a second electrode pad disposed on one surface
of the insulating part and each disposed on the first and second
electrodes, respectively.
The light emitting device of claim 5, wherein areas of the first and

second electrode pads each are larger than that of the first electrode
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exposed on the one surface of the insulating part and that of the second
electrode exposed on the one surface of the insulating part.

The light emitting device of claim 1, further comprising:

a wavelength conversion unit disposed on the second surface of the
light emitting structure.

The light emitting device of claim 1, wherein the first and second
electrodes each include sintered metal particles, and

the sintered metal particles includes the metal particles and a non-
metallic material interposed between the metal particles.

The light emitting device of claim 8, wherein the metal particle
includes Ag.

The light emitting device of claim 8§, wherein sintered metal particles
includes the metal particles ranging from 80 to 98 wt%.

The light emitting device of claim 1, further comprising:

a region in which the first conductivity type semiconductor layer is
partially exposed by partially removing the active layer and the second
conductivity type semiconductor layer;

a first insulating layer insulating the first and second contact electrodes
from each other; and

a second insulating layer partially covering the first and second contact
electrodes and including a first opening part and a second opening part
through which the first contact electrode and the second contact
electrode are each exposed,

wherein the first contact electrode ohmic-contacts the first conductivity
type semiconductor layer through a region in which the first con-
ductivity type semiconductor layer is exposed, and

the first and second electrodes each directly contact the first and second
contact electrodes through the first and second opening parts.

The light emitting device of claim 11, wherein the region in which the
first conductivity type semiconductor layer is exposed includes a
plurality of holes.

The light emitting device of claim 11, wherein the light emitting
structure includes at least one mesa including the second conductivity
type semiconductor layer and the active layer, and

the region in which the first conductivity type semiconductor layer is
exposed is disposed around the mesa.

The light emitting device of claim 1, wherein the first electrode and the

second electrode each directly contact the first and second contact
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electrodes, respectively.

The light emitting device of claim 11, further comprising:

a wavelength conversion unit disposed on the second surface of the
light emitting structure.

The light emitting device of claim 15, wherein the wavelength
conversion unit contacts the first insulating layer.

The light emitting device of claim 15, wherein the wavelength
conversion unit at least partially further covers a side of the first con-
ductivity type semiconductor layer.

A light emitting device, comprising:

a light emitting structure including a first conductivity type semi-
conductor layer, a second conductivity type semiconductor layer, and
an active layer disposed between the first conductivity type semi-
conductor layer and the second conductivity type semiconductor layer
and including a first surface and a second surface opposite to the first
surface;

first and second contact electrodes disposed on the first surface of the
light emitting structure and each ohmic-contacting the first and second
conductivity type semiconductor layers;

a first electrode disposed on the first surface of the light emitting
structure and electrically connected to the first contact electrode;

a second electrode disposed on the first surface of the light emitting
structure and electrically connected to the second contact electrode; and
an insulating part covering sides of the first and second electrodes and
the first surface of the light emitting structure,

wherein the first and second electrodes each include metal particles
ranging from 80 to 98 wt% and a nonmetallic material interposed
between the metal particles.

A method of fabricating a light emitting device, comprising:

forming a light emitting structure including a first conductivity type
semiconductor layer, an active layer disposed on the first conductivity
type semiconductor layer, and a second conductivity type semi-
conductor layer disposed on the active layer on a growth substrate;
forming first and second contact electrodes each ohmic-contacting the
first and second conductivity type semiconductor layers on the light
emitting structure;

forming a pre first electrode and a pre second electrode electrically

connected to first and second contact electrodes and including metal
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[Claim 25]

[Claim 26]
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particles on the light emitting structure;

forming a first electrode and a second electrode, respectively, by
sintering the pre first electrode and the pre second electrode; and
forming insulating parts covering sides of the first and second
electrodes on the light emitting structure,

wherein the first and second electrodes each include inclined sides of
which the tangential gradients with respect to sides of vertical cross
sections thereof are changing.

The method of claim 19, wherein volumes of the first and second
electrodes each are smaller than those of the pre first and second
electrodes.

The method of claim 20, wherein the inclined side includes an area in
which the tangential gradient is increased and an area in which the
tangential gradient is reduced.

The method of claim 19, wherein the forming of the pre first and
second electrodes includes forming a viscous material including metal
particles and a nonmetallic material interposed between the metal
particles on the light emitting structure using a dispensing or applying
method.

The method of claim 22, wherein the dispensing or applying method
includes a dotting or screen printing method.

The method of claim 19, further comprising:

exposing the first electrode and the second electrode on one surface of
the insulating part by partially removing the first and second electrodes
and the insulating part.

The method of claim 24, further comprising:

forming a first electrode pad and a second electrode pad each
contacting the first electrode and the second electrode on one surface of
the insulating part.

The method of claim 19, further comprising:

after the forming of the first and second electrodes, separating the
growth substrate from the light emitting structure; and

forming a wavelength conversion unit on one surface of the light
emitting structure exposed by separating the growth substrate
therefrom.

The method of claim 19, wherein the pre first electrode and second
electrode each contact the first contact electrode and the second contact

electrode.
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A light emitting device, comprising:

a light emitting structure including a first conductivity type semi-
conductor layer, a second conductivity type semiconductor layer, and
an active layer disposed between the first conductivity type semi-
conductor layer and the second conductivity type semiconductor layer
and including a first surface and a second surface opposite to the first
surface;

first and second contact electrodes disposed on the first surface of the
light emitting structure and each ohmic-contacting the first and second
conductivity type semiconductor layers;

a first electrode and a second electrode disposed on a first surface of the
light emitting structure and each electrically connected to the first
contact electrode and the second contact electrode; and

an insulating part covering sides of the first and second electrodes and
the first surface of the light emitting structure,

wherein the first and second electrodes each include metal particles,
and

a half value of a shortest distance of an interval between the first
electrode and the second electrode is smaller than a shortest distance
from one side of one of the first electrode and the second electrode to
an outer side of the insulating part.

The light emitting device of claim 28, wherein the shortest distance
between the first electrode and the second electrode ranges from 10 to
80 ym.

The light emitting device of claim 28, wherein the first and second
electrodes each include inclined sides of which the tangential gradients
with respect to sides of vertical cross sections thereof are changing.
The light emitting device of claim 30, wherein an angle formed by the
sides of the first electrode and the second electrode and an upper
surface of the light emitting structure ranges from 30° or more to less
than 90°.

The light emitting device of claim 28, wherein the sides of each of the
first electrode and the second electrode are perpendicular to the first
side of the light emitting structure.

The light emitting device of claim 28, further comprising:

a first electrode pad and a second electrode pad disposed on one surface
of the insulating part and each disposed on the first and second

electrodes, respectively.
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The light emitting device of claim 28, wherein the first and second
electrodes each include the metal particles and a nonmetallic material
interposed between the metal particles.

The light emitting device of claim 34, wherein the first and second
electrodes each include the metal particles of 80 to 98 wt%.

The light emitting device of claim 28, wherein the metal particle
includes at least one of Cu, Au, Ag, and Pt.

The light emitting device of claim 28, further comprising:

a region in which the first conductivity type semiconductor layer is
partially exposed by partially removing the active layer and the second
conductivity type semiconductor layer;

a first insulating layer insulating the first and second contact electrodes
from each other; and

a second insulating layer partially covering the first and second contact
electrodes and including a first opening part and a second opening part
through which the first contact electrode and the second contact
electrode are each exposed,

wherein the first contact electrode ohmic-contacts the first conductivity
type semiconductor layer through a region in which the first con-
ductivity type semiconductor layer is exposed, and

the first and second electrodes each directly contact the first and second
contact electrodes through the first and second opening parts.

The light emitting device of claim 28, wherein the first electrode and
the second electrode each directly contact the first and second contact

electrodes.
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