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(57) ABSTRACT

An embodiment includes a semiconductor light-emitting
device comprising: an electrode pad; a first under-barrier
metal (UBM) layer stacked on the electrode pad; a second
UBM layer stacked on the first UBM layer and having a
multilayered structure including at least two layers; and a
solder bump disposed on the second UBM layer, wherein
adhesion between the second UBM layer and the first UBM
layer is higher than adhesion between the first UBM layer and
the solder bump.
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FIG. 1C
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FIG. 2A
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FIG. 2B
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FIG. 2C
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FIG. 2D
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FIG. 3A
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FIG. 3B
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SEMICONDUCTOR LIGHT-EMITTING
DEVICE AND SEMICONDUCTOR
LIGHT-EMITTING APPARATUS HAVING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0172458, filed on Dec. 3, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] Embodiments relate to a semiconductor light-emit-
ting device and a semiconductor light-emitting apparatus
including the same, and more particularly, to a semiconductor
light-emitting device and a semiconductor light-emitting
apparatus including the same, which may improve adhesion
to solder bumps and increase reliability.

[0003] A flip-chip bonding technique may be a method of
mounting a semiconductor chip on a substrate by using a
solder bump formed on an electrode pad. The flip-chip bond-
ing technique may be effectively applied to an electrode pad
having a finer pitch than a wire bonding technique of electri-
cally connecting an electrode pad with an internal lead by
using a wire. The solder bump may be formed by plating the
electrode pad with a solder and reflowing the solder. The
solder bump may be formed on an under-barrier metal (UBM)
layer. The UBM layer may have a multilayered structure
including an adhesive layer, a diffusion barrier layer, and a
wetting layer. However, a metal oxide layer generated during
a process of forming the solder bump may inhibit formation
of an intermetallic compound between the solder bump and
the wetting layer, thereby causing separation of the solder
bump.

SUMMARY

[0004] An embodiment includes a semiconductor light-
emitting device comprising: an electrode pad; a first under-
barrier metal (UBM) layer stacked on the electrode pad; a
second UBM layer stacked on the first UBM layer and having
a multilayered structure including at least two layers; and a
solder bump disposed on the second UBM layer, wherein
adhesion between the second UBM layer and the first UBM
layer is higher than adhesion between the first UBM layer and
the solder bump.

[0005] An embodiment includes a semiconductor light-
emitting apparatus comprising a solder bump, the apparatus
comprising: an electric circuit; a first under-barrier metal
(UBM) layer configured to electrically connect the solder
bump with an electrode pad that is connected to the electric
circuit; and a second UBM layer stacked on the first UBM
layer and configured to increase adhesion of the first UBM
layer with the solder bump.

[0006] An embodiment includes a semiconductor light-
emitting device comprising: an electrode pad; a first adhesive
layer stacked on the electrode pad; a diffusion barrier layer
stacked on the first adhesive layer; a first wetting layer stacked
on the diffusion barrier layer; a second adhesive layer stacked
on the first wetting layer; a third adhesive layer stacked on the
second adhesive layer; a second wetting layer stacked on the
third adhesive layer; and a solder bump formed on the second
wetting layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings in which:

[0008] FIG. 1A is a schematic plan view of a semiconduc-
tor light-emitting device according to an embodiment;
[0009] FIG. 1B is a side cross-sectional view of the semi-
conductor light-emitting device, which is taken along a line
A-A' of FIG. 1A, according to an embodiment;

[0010] FIG. 1C is a partial enlarged view of a solder pad
unit of a semiconductor chip of FIG. 1B;

[0011] FIGS. 2A-2D are side cross-sectional views of a
structure of a first under-barrier metal (UBM) layer, accord-
ing to various embodiments;

[0012] FIGS. 3A and 3B are side cross-sectional views of a
structure of a second UBM layer, according to various
embodiments;

[0013] FIGS. 4A and 4B are detailed side cross-sectional
views of a stacked structure of a solder pad unit, according to
various embodiments;

[0014] FIG. 5is a side cross-sectional view of a solder pad
unit according to another embodiment;

[0015] FIG. 6 is a diagram of a stacked shape of a second
UBM layer according to an embodiment;

[0016] FIG. 7isadetailed diagram of a stacked structure of
a solder pad unit according to another embodiment;

[0017] FIGS. 8A, 8B, and 8C are flowcharts of a method of
manufacturing a solder pad unit according to an embodiment;
[0018] FIGS.9A to9E illustrate a method of manufacturing
a solder pad unit according to an embodiment;

[0019] FIG. 10 is an exploded perspective view of a back-
light (BL) assembly including a light-emitting device array
unit in which an LED chip manufactured using a method of
manufacturing an LED chip, according to an embodiment, is
arranged;

[0020] FIG. 11 is a schematic diagram of a flat-panel semi-
conductor light-emitting apparatus including a light-emitting
device array unit and a light-emitting device module in which
an LED chip manufactured using a method of manufacturing
an LED chip, according to an embodiment, is arranged;
[0021] FIG. 12 is a schematic diagram of a bulb-type lamp,
which is a semiconductor light-emitting apparatus including
a light-emitting device array unit and a light-emitting device
module in which an LED chip manufactured using a method
of manufacturing an LED chip, according to an embodiment,
is arranged;

[0022] FIG. 13 is an international commission on illumina-
tion (CIE) chromaticity diagram of a complete radiator spec-
trum;

[0023] FIGS. 14A and B are each a diagram of an example
of a light-emitting device package in which an LED chip
manufactured using a method of manufacturing an LED chip,
according to an embodiment, is arranged;

[0024] FIGS. 15 and 16 are examples of light-emitting
device packages according to various embodiments;

[0025] FIG. 17 is a diagram of a lamp that includes a light-
emitting device array unit and a light-emitting device module
in which an LED chip manufactured using a method of manu-
facturing an LED chip, according to an embodiment, is
arranged, and includes a communication module;

[0026] FIG. 18 is a diagram of an example in which a lamp
including a light-emitting device array unit and a light-emit-
ting device module in which an LED chip manufactured using
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a method of manufacturing an LED chip, according to an
embodiment, is arranged, is applied to a home-network;

[0027] FIG. 19 is a cross-sectional view of an example of a
package to which a semiconductor light-emitting device
according to an embodiment is applied; and

[0028] FIGS. 20 and 21 are cross-sectional views of various
examples of an LED chip 7110, which may be applied to a
light source module, according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] Embodiments will now be described more fully
hereinafter with reference to the accompanying drawings, in
which particular embodiments are shown. These embodi-
ments are provided so that this disclosure is thorough and
complete and fully conveys the scope to one skilled in the art.
Accordingly, embodiments can be modified in various ways
and take on various alternative forms, specific embodiments
thereof are shown in the drawings and described in detail
below as examples. There is no intent to limit embodiments to
the particular forms disclosed. On the contrary, embodiments
cover all modifications, equivalents, and alternatives falling
within the spirit and scope. Like reference numerals refer to
like elements throughout. In the drawings, the thicknesses of
layers and regions may be exaggerated for clarity.

[0030] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of all embodiments. As used herein, the singular
forms “a”, “an”, and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0031] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of the inventive
concept.

[0032] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of normal skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0033] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0034] FIG. 1A is a schematic plan view of a semiconduc-
tor light-emitting device 1 according to an embodiment. FIG.
1B is a side cross-sectional view of the semiconductor light-
emitting device 1, which is taken along aline A-A' of FIG. 1A,
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according to an embodiment. FIG. 1C is a partial enlarged
view of a solder pad unit 100 of a semiconductor chip of FIG.
1B.

[0035] The semiconductor light-emitting device 1 may
include solder pad units 100 and 100'. The semiconductor
light-emitting device 1 may have a stacked structure of mul-
tiple semiconductor layers. A semiconductor layer 110 may
be stacked on a substrate 115. The semiconductor layer 110
may include a first-conductivity-type semiconductor layer
111, an active layer 112, and a second-conductivity-type
semiconductor layer 113.

[0036] The substrate 115 may include a semiconductor
growth substrate and may be formed using insulating, con-
ductive, and semiconductor materials, such as sapphire, Si,
SiC, MgAl,O,, MgO, LiAlO,, LiGa0,, GaN, or the like. A
sapphire substrate, which is widely used as a nitride semicon-
ductor growth substrate, may be formed of a crystal having an
electrical insulation characteristic and a Hexa-Rhombo R3¢
symmetry. The sapphire substrate may have a lattice constant
of about 13.001 A along a C-axis and a lattice constant of
about 4.758 A along an A-axis and have a C(0001) plane, an
A(11-20) plane, and an R(1-102) plane. In this case, since the
C plane may be used to relatively easily grow a thin nitride
layer that may be stable at high temperatures, the sapphire
substrate may be mainly used as a nitride growth substrate.
[0037] In addition, as shown in FIG. 1B, multiple rough
structures 116 may be formed on a top surface of the substrate
115 on which semiconductor layers are grown. The crystal-
linity and light emission efficiency of the semiconductor lay-
ers may be improved due to the rough structures 116.
Although the present embodiment describes an example in
which each of the rough structures 116 has a convex dome-
like shape, embodiments are not limited thereto. For example,
each of the rough structures 116 may have one of various
shapes, such as a square shape or a triangular shape. In other
embodiments, the rough structures 116 may be omitted.
[0038] The substrate 115 may be sequentially removed in
some embodiments. That is, the substrate 115 may be pro-
vided as a growth substrate for growing the first-conductivity-
type semiconductor layer 111, the active layer 112, and the
second-conductivity-type semiconductor layer 113 and
removed by using a separation process. The substrate 115
may be separated from the semiconductor layer 110 by using
a laser lift-off (LLO) process, a chemical lift-off (CLO) pro-
cess, or the like.

[0039] Although not shown, a buffer layer may be further
provided on a top surface of the substrate 115. The buffer
layer may serve to reduce lattice defects of a semiconductor
layer grown on the substrate 115. The buffer layer may
include an undoped semiconductor layer formed of nitride.
For example, the buffer layer may reduce a difference in
lattice constant between the substrate 115 formed of sapphire
and the first-conductivity-type semiconductor layer 111
formed of gallium nitride (GaN) stacked on the top surface of
the substrate 115 and increase crystallinity of the first-con-
ductivity-type semiconductor layer 111 formed of GaN. The
buffer layer may be formed by growing undoped GaN, AIN,
InGaN, or the like to a thickness of about several tens of A to
several hundred A at a low temperature of about 500° C. to
about 600° C. Here, an undoped semiconductor layer refers to
a semiconductor layer on which an additional impurity dop-
ing process is not performed. When impurities (e.g., GaN)
inherently contained in the semiconductor layer are grown
using a metal organic chemical vapor deposition (MOCVD)
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process, silicon (Si) used as a dopant may be unintentionally
contained in the semiconductor layer at a dose of about 10**
ions/cm? to about 10'® ions/cm®. In some embodiments, the
buffer layer may be omitted.

[0040] The first-conductivity-type semiconductor layer
111 stacked on the substrate 115 may include an n-type doped
semiconductor such as an n-type nitride semiconductor layer.
Also, the second-conductivity-type semiconductor layer 113
may include a p-type doped semiconductor, such as a p-type
nitride semiconductor layer. However, in some embodiments,
the first and second-conductivity-type semiconductor layers
111 and 113 may be switched. Each of the first and second-
conductivity-type semiconductor layers 111 and 113 may be
formed of a material expressed by formula: Al In Ga,,_,_ N
(here, 0=x<1, O=y<l, O=x+y<1), for example, GaN, AlGaN,
InGaN, or AllnGaN. The first and second-conductivity-type
semiconductor layers 111 and 113 may, but need not include
the same material.

[0041] The active layer 112 disposed between the first- and
second-conductivity-type semiconductor layers 111 and 113
may be configured to emit light having predetermined energy
due to re-combination between electrons and holes. The
active layer 112 may include a material having a lower energy
bandgap than energy bandgaps of the first- and second-con-
ductivity-type semiconductor layers 111 and 113. For
example, when the first- and second-conductivity-type semi-
conductor layers 111 and 113 include a GaN-based com-
pound semiconductor, the active layer 112 may include an
InGaN-based compound semiconductor having a lower
energy bandgap than an energy bandgap of GaN. Also, the
active layer 112 may have a multiple quantum well (MQW)
structure (e.g., an InGaN/GaN structure) formed by alter-
nately stacking quantum well layers and quantum barrier
layers. However, embodiments are not limited thereto, and
the active layer 112 may have a single quantum well (SQW)
structure.

[0042] Asshown in FIG. 1B, the semiconductor light-emit-
ting device 1 may include an etching region E formed by
etching portions of the second-conductivity-type semicon-
ductor layer 113, the active layer 112, and the first-conduc-
tivity-type semiconductor layer 111 and multiple mesa
regions M at least partially partitioned by the etching region
E.

[0043] From a top view, the etching region E may have a
gap structure that is cut from one side surface of the semicon-
ductor light-emitting device 1 having a rectangular shape
toward another side surface thereof, which is an opposite side
surface, to have a predetermined thickness and a predeter-
mined length. Also, multiple etching regions E may be
arranged parallel to one another within a rectangular region of
the semiconductor light-emitting device 1. Accordingly, at
least some of the etching regions E may be surrounded with
the mesa regions M.

[0044] A first contact electrode 184 may be disposed on a
top surface of the first-conductivity-type semiconductor layer
111, which is exposed by the etching region E, and connected
to the first-conductivity-type semiconductor layer 111. A sec-
ond contact electrode 180 may be disposed on top surfaces of
the plurality of mesa regions M and connected to the second-
conductivity-type semiconductor layer 113. The first and sec-
ond contact electrodes 184 and 180 may be disposed on a first
surface of the semiconductor light-emitting device 1. Accord-
ingly, the first and second contact electrodes 184 and 180 may
be disposed on the same surface of the semiconductor light-
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emitting device 1 so that the semiconductor light-emitting
device 1 may be mounted on a package main body using a
flip-chip bonding technique.

[0045] As shown in FIG. 1A, the first contact electrode 184
may include multiple pad units 185 and multiple finger units
186, which may have a smaller width than the pad units 185
and extend from the pad units 185, respectively. The first
contact electrode 184 may extend along the etching region E.
Also, multiple first contact electrodes 184 may be arranged a
predetermined distance apart from one another and generally
uniformly distributed on the first-conductivity-type semicon-
ductor layer 111. Accordingly, current supplied through the
first contact electrodes 184 into the first-conductivity-type
semiconductor layer 111 may uniformly flow through sub-
stantially the entire first-conductivity-type semiconductor
layer 111.

[0046] The pad units 185 may be disposed apart from one
another, and the finger units 186 may be respectively con-
nected to the pad units 185. The finger units 186 may respec-
tively have different widths. For example, as in this embodi-
ment, when the first contact electrode 184 has two finger units
186, one finger unit 186 may have a greater width than the
other finger units 186. A width of the any one finger unit 186
may be controlled in consideration of a resistance of current
supplied through the first contact electrode 184.

[0047] The second contact electrode 180 may include metal
reflective layer. Also, the second contact electrode 180 may
further include a metal coating layer to cover the metal reflec-
tive layer. However, the second contact electrode 180 may
selectively include the metal coating layer, and may be omit-
ted in some embodiments. The second contact electrode 180
may substantially cover a top surface of the second-conduc-
tivity-type semiconductor layer 113 in the mesa region M.
[0048] A first insulating layer 101 formed of an insulating
material may be disposed on the semiconductor light-emit-
ting device 1 including side surfaces of the mesa region M to
cover the active layer 112 exposed by the etching region E.
For example, the first insulating layer 101 may be formed of
aninsulating material including a material, such as SiO,, SiN,
SiON,, TiO,, Si;N,, Al,Os, TiN, AIN, ZrO,, TiAIN, TiSiN,
orthelike. Also, the first insulating layer 101 may include first
and second openings 102 and 103 formed by exposing partial
regions of the first and second-conductivity-type semicon-
ductor layers 111 and 113, and the first and second contact
electrodes 184 and 180 may be disposed in the first and
second openings 102 and 103. The first insulating layer 101
may be configured to reduce a chance of or prevent an elec-
trical short from occurring between the first and second con-
tact electrodes 184 and 180 and the active layer 112 and
reduce a chance of or prevent the first and second-conductiv-
ity-type semiconductor layers 111 and 113 from being elec-
trically directly connected to each other.

[0049] A second insulating layer 190 may be provided on
the semiconductor light-emitting device 1 to substantially
cover the entire semiconductor light-emitting device 1. In an
embodiment, the second insulating layer 190 may have a
reflection structure to reflect light emitted by the active layer
112, except light traveling toward the substrate 115, and
re-direct the reflected light toward the substrate 115. The
second insulating layer 190 may have a multilayered structure
formed by alternately stacking layers having different refrac-
tive indices. In general, a flip-chip-type semiconductor light-
emitting device may allow light generated by the active layer
112 to be emitted in a direction in which the substrate 115 is
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disposed. A portion of light emitted in a direction in which the
electrode pads 120 and 125 are disposed, which is opposite to
the direction in which the substrate 115 is disposed, may be
absorbed into a semiconductor layer or a metal layer and lost.
The second insulating layer 190 may have a multilayered
reflection structure, which is a reflection structure configured
to redirect light traveling in a direction opposite of the sub-
strate 115 toward the substrate 115.

[0050] The second insulating layer 190 may include mul-
tiple openings 104 respectively disposed over the first contact
electrode 184 and the second contact electrode 180. Specifi-
cally, the openings 104 may be provided in positions corre-
sponding respectively to the first contact electrode 184 and
the second contact electrode 180 and partially expose the
corresponding first contact electrode 184 and second contact
electrode 180.

[0051] As shown in FIG. 1B, the electrode pads 120 and
125 may be partially insulated from the first and second-
conductivity-type semiconductor layers 111 and 113 by the
second insulating layer 190 that substantially covers the top
surface of the semiconductor light-emitting device 1. Also,
the electrode pads 120 and 125 may be connected to the first
contact electrode 184 and the second contact electrode 180,
which are partially exposed through the openings 104, and
electrically connected to the first and second-conductivity-
type semiconductor layers 111 and 113. The electrical con-
nection of the electrode pads 120 and 125 with the first and
second-conductivity-type semiconductor layers 111 and 113
may be variously controlled by the openings 104 formed in
the second insulating layer 190.

[0052] Atleasta pair of electrode pads 120 and 125 includ-
ing a first electrode pad 125 and a second electrode pad 120
may be provided. The first electrode pad 125 may be electri-
cally connected to the first-conductivity-type semiconductor
layer 111 through the first contact electrode 184, and the
second electrode pad 120 may be electrically connected to the
second-conductivity-type semiconductor layer 113 through
the second contact electrode 180.

[0053] The electrode pads 120 and 125 may include, for
example, a material including at least one of gold (Au), tung-
sten (W), platinum (Pt), silicon (Si), iridium (Ir), silver (Ag),
copper (Cu), nickel (Ni), titanium (Ti), chromium (Cr), and
an alloy thereof.

[0054] A passivation layer 130 may be provided on the
electrode pads 120 and 125 and cover and protect the entire
electrode pads 120 and 125. Also, the passivation layer 130
may include a bonding region 105 to partially expose the
electrode pads 120 and 125. Multiple bonding regions 105
may be disposed to partially expose the first electrode pad 125
and the second electrode pad 120. In this case, some of the
bonding regions 105 may be disposed not to overlap some of
multiple openings 104 of the second insulating layer 190. For
example, as shown in FIG. 1B, a bonding region, which
partially exposes the second electrode pad 120 from among
the bonding regions 105, may not overlap the opening 104,
which partially exposes the second contact electrode 180
from among the openings 104. That is, the bonding region
105 may not be disposed over the opening 104 in a vertical
direction. Also, the bonding region 105 that partially exposes
the first electrode pad 125 may partially overlap the opening
104 that partially exposes the first contact electrode 184.
[0055] The present embodiment describes an example in
which two bonding regions 105 are provided parallel to each
other, but embodiments are not limited thereto. In other
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embodiments, the number and arrangement of the bonding
regions 105 may be different. The passivation layer 130 may
be formed of the same or similar material as the second
insulating layer 190. Meanwhile, similar to the bonding
region 105, the passivation layer 130 may further include an
open region that partially exposes the first and second elec-
trode pads 125 and 120. Before the semiconductor light-
emitting device 1 is mounted, the opening may be provided as
a region connected to a probe pin (not shown) so as to ascer-
tain whether the semiconductor light-emitting device 1 oper-
ates.

[0056] The solder pads 170 and 175 may be respectively
disposed on the bonding region 105. The solder pads 170 and
175 may include a first solder pad 175 and a second solder pad
170, and respectively connected to the first and second elec-
trode pads 125 and 120 that are partially exposed through the
bonding region 105. Also, the solder pads 170 and 175 may be
electrically connected to the first-conductivity-type semicon-
ductor layer 111 and the second-conductivity-type semicon-
ductor layer 113 through the electrode pads 120 and 125. The
solder pads 170 and 175 may include a material including at
least one of nickel (Ni1), gold (Au), copper (Cu), and an alloy
thereof.

[0057] The present embodiment describes an example in
which one first solder pad 175 and one second solder pad 170
are provided, but embodiments are not limited thereto. In
other embodiments, the numbers and arrangements of the first
solder pads 175 and the second solder pads 170 may be
different. However, in some embodiments the first solder pad
175 and the second solder pad 170 may be adjusted to have
substantially the same area. First and second solder bumps
165 and 160 may be respectively disposed on the first solder
pad 175 and the second solder pad 170. The first and second
solder pads 175 and 170 will be described in detail with
reference to FIG. 1C.

[0058] FIG. 1C is an enlarged side cross-sectional view of
the solder pad unit 100, which is a portion of a semiconductor
chip of FIG. 1B, which includes the second solder bump 160,
the second solder pad 170, the second electrode pad 120, the
second insulating layer 190, the second contact electrode 180,
the semiconductor layer 110, and the passivation layer 130. In
FIG. 1C, the second insulating layer 190 of FIG. 1B may be
referred to as an insulating layer 190, the second solder bump
160 of FIG. 1B may be referred to as a solder bump 160, the
second solder pad 170 of FIG. 1B may be referred to as an
UBM layer 170, and the second contact electrode 180 of F1G.
1B may be referred to as an electrode 180.

[0059] The solder pad unit 100 of FIG. 1C may include the
solder bump 160, the UBM layer 170, the passivation layer
130, the insulating layer 190, the electrode 180, and the
semiconductor layer 110. The UBM layer 170 may corre-
spond to the second solder pad 170 of FIG. 1B and include a
first UBM layer 140 and a second UBM layer 150.

[0060] The solder pad unit 100 may include the solder
bump 160 for a flip-chip bonding technique. In an embodi-
ment, the solder pad unit 100 may be a portion of an LED
chip. The solder pad unit 100 may include the solder bump
160 that is appropriate for mounting the semiconductor chip.
The solder pad unit 100 may include the semiconductor layer
110 configured to emit light, the electrode 180 electrically
connected to the semiconductor layer 110, the electrode pad
120 electrically connected to the electrode 180, the insulating
layer 190 configured to insulate a remaining portion other
than a portion where the electrode 180 is connected to the
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electrode pad 120, the passivation layer 130 configured to
insulate a remaining portion other than an exposed portion of
the electrode pad 120, the solder bump 160 electrically con-
nected to the electrode pad 120, and the first UBM layer 140
and the second UBM layer 150 configured to electrically
connect and physically adhere the electrode pad 120 and the
solder bump 160 and reduce a chance of or prevent separation
of the solder bump 160.

[0061] The electrode pad 120 may include various conduc-
tive materials. In an embodiment, the electrode pad 120 may
include at least one of copper (Cu), aluminum (Al), and an
alloy thereof. The electrode pad 120 may be connected to
electric circuits installed in the solder pad unit 100 through a
conductive trace (not shown).

[0062] In an embodiment, the passivation layer 130 may
include at least one of silicon nitride and silicon oxide. The
passivation layer 130 may be formed by stacking silicon
nitride or silicon oxide on the electrode pad 120. The passi-
vation layer 130 may be etched to expose at least a portion of
the electrode pad 120.

[0063] Referring to FIGS. 1C and 4A, the first UBM layer
140 may include a first adhesive layer 141 stacked on and
adhered to the electrode pad 120. The first adhesive layer 141
may be formed on a portion of the passivation layer 130 and
a portion of the electrode pad 120. According to an embodi-
ment, the first adhesive layer 141 may include at least one
material of titanium, nickel, and an alloy thereof. The first
UBM layer 140 may include a diffusion barrier layer 142
stacked on the first adhesive layer 141. The diffusion barrier
layer 142 may reduce a chance of or prevent a solder element
of the solder bump 160 from diffusing into the first adhesive
layer 141 or the electrode pad 120. The diffusion barrier layer
142 may include at least one of nickel (Ni) and molybdenum
(Mo). In a particular example, the diffusion barrier layer 142
may include at least one of nickel (Ni) and 90% molybdenum
(Mo). In an embodiment, the diffusion barrier layer 142 may
include the same material as the first adhesive layer 141. Also,
the first adhesive layer 141 and the diffusion barrier layer 142
may be simultaneously formed using one process or sepa-
rately formed using different processes.

[0064] The first UBM layer 140 may include a first wetting
layer 143 stacked on the diffusion barrier layer 142. The first
wetting layer 143 may have a surface that may be easily
combined with the solder of the solder bump 160. In other
words, an intermetallic compound may be formed due to a
reaction of a base material of the first wetting layer 143 with
the solder. Furthermore, the first wetting layer 143 may fur-
ther include a compound layer formed of an intermetallic
compound. However, embodiments are not limited thereto,
and the intermetallic compound may be distributed in the
entire first wetting layer 143 or formed only in a portion of the
first wetting layer 143. The first wetting layer 143 may
include at least one of cobalt (Co), copper (Cu), gold (Au),
nickel (Ni), silver (Ag), and an alloy thereof.

[0065] In addition, the first UBM layer 140 may include a
second adhesive layer 144, which is stacked on the first wet-
ting layer 143 and is more adhesive to an insulating layer than
the first wetting layer 143. When an insulating layer is formed
on the first UBM layer 140, the first UBM layer 140 may
include the second adhesive layer 144 as an upper layer so that
formation of voids between the first UBM layer 140 and the
insulating layer may be reduced or prevented due to a high
adhesion of the second adhesive layer 144 to the insulating
layer. The second adhesive layer 144 may include at least one
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of a refractory metal (e.g., titanium, chromium, zinc, molyb-
denum, and tungsten), nickel, and an alloy thereof. However,
embodiments are not limited thereto, and the second adhesive
layer 144 may include various metal materials.

[0066] The second adhesive layer 144 may include an adhe-
sive oxide layer formed by oxidizing a material contained in
the second adhesive layer 144, which is exposed due to a
process. In an embodiment, the adhesive oxide layer may be
formed by oxidizing the entire second adhesive layer 144 or a
portion of the second adhesive layer 144. However, embodi-
ments are not limited thereto and the adhesive oxide layer
may take various forms. When the second adhesive layer 144
contains titanium (Ti), the adhesive oxide layer may contain
titanium oxide (Ti0,). A material of the adhesive oxide layer
may vary according to the kind of a metal material contained
in the second adhesive layer 144.

[0067] The second UBM layer 150 may be stacked on the
first UBM layer 140. The first UBM layer 140 may have a
different horizontal width from the second UBM layer 150. In
an embodiment, the first UBM layer 140 may have a larger
horizontal width than the second UBM layer 150, and
detailed descriptions thereof will be presented later. Also, the
second UBM layer 150 may be stacked in multiple pieces on
the first UBM layer 140 by etching the insulating layer or
patterning photoresist, as described in detail later.

[0068] The second UBM layer 150 may include a third
adhesive layer 151, which is stacked on and adhered to the
second adhesive layer 144 or the adhesive oxide layer, and a
second wetting layer 152, which is disposed on the third
adhesive layer 151 and may be more easily adhered to the
solder bump 160. The third adhesive layer 151 may be
selected such that adhesion of the third adhesive layer 151 to
the second adhesive layer 144 or the adhesive oxide layer is
higher than adhesion of the second wetting layer 152 to the
second adhesive layer 144 or the adhesive oxide layer.
Accordingly, the third adhesive layer 151 may include a mate-
rial that may be more easily adhered to a material contained in
the second adhesive layer 144 or the adhesive oxide layer.
Since the second UBM layer 150 may include the third adhe-
sive layer 151, the second UBM layer 150 may be adhered to
the first UBM layer 140 with a higher adhesive strength. In an
embodiment, the third adhesive layer 151 may be formed of
the same material as the second adhesive layer 144. For
example, when the second adhesive layer 144 includes tita-
nium (Ti) and the adhesive oxide layer is formed of titanium
oxide (TiO,), the third adhesive layer 151 may include tita-
nium. However, embodiments are not limited thereto, and the
third adhesive layer 151 may include at least one of a refrac-
tory metal (e.g., titanium, chromium, zinc, molybdenum, and
tungsten), nickel, and an alloy thereof, according to a metal
contained in the second adhesive layer 144.

[0069] The second wetting layer 152 may have a surface
that may be more easily combined with the solder of the
solder bump 160. In other words, an intermetallic compound
may be formed due to a reaction of a base material of the
second wetting layer 152 with the solder. Furthermore, the
second wetting layer 152 may further include a compound
layer formed of the intermetallic compound. However,
embodiments are not limited thereto, and the intermetallic
compound may be distributed in the entire second wetting
layer 152 or formed only in a portion of the second wetting
layer 152. The second wetting layer 152 may include at least
one of cobalt, copper, gold, nickel, silver, and an alloy thereof.
Also, in an embodiment, the first wetting layer 143 of the first
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UBM layer 140 may include a different material from or the
same material as the second wetting layer 152 of the second
UBM layer 150.

[0070] The solder pad unit 100 may include the solder
bump 160, which may be formed on the second UBM layer
150. A portion of the solder bump 160 may be formed on the
first UBM layer 140 according to a stacked shape of the
second UBM layer 150. For example, the solder bump 160
may include tin (Sn), tin/silver (Sn/Ag), tin/bismuth (Sn/Bi),
tin/copper (Sn/Cu), tin/silver (Sn/Ag), tin/gold (Sn/Au), or
tin/silver/copper (Sn/Si/Cu). Also, the solder bump 160 may
contain tin, which may take up to 90% or more of the weight
of'the solder bump 160, and be formed using an electroplating
process, a screen printing process, or the like.

[0071] As described above, the second UBM layer 150,
which may be more adhesive to the solder bump 160 than the
first UBM layer 140, may be stacked on the first UBM layer
140. Thus, the solder pad 170 may be adhered to the solder
bump 160 more strongly than a conventional structure in
which only the first UBM layer 140 is stacked, thereby
increasing reliability of a chip or apparatus including the
solder bump 160.

[0072] FIGS.2A,2B, and 2C are side cross-sectional views
of a structure of the first UBM layer 140, according to various
embodiments. Referring to FIG. 2A, a first UBM layer 140a
may include a first adhesive layer 141a, a diffusion barrier
layer 142a, a first wetting layer 143a, and a second adhesive
layer 144a. The first adhesive layer 1414 may be stacked on
and adhered to an electrode pad 120 and formed on a portion
of a passivation layer and a portion of the electrode pad 120.
In an embodiment, the first adhesive layer 141a may include
at least one material of titanium, nickel, and an alloy thereof.
[0073] The diffusion barrier layer 142a may be stacked on
the first adhesive layer 141a and reduce a chance of or prevent
a solder of a solder bump from diffusing to the electrode pad
120 or the first adhesive layer 141a and causing an interme-
tallic chemical reaction. The diffusion barrier layer 142a and
the first adhesive layer 141a may be simultaneously formed
using one process or separately formed using multiple or
different processes. The diffusion barrier layer may include at
least one of nickel and molybdenum, such as at least one of
nickel and 90% molybdenum. In an embodiment, the diffu-
sion barrier layer 1424 may be formed of the same material as
the first adhesive layer 141a.

[0074] The first wetting layer 143a may be stacked on the
diffusion barrier layer 142q. The first wetting layer 143a may
have a surface that may be more easily combined with the
solder of the solder bump. That is, a first intermetallic com-
pound may be formed due to a reaction of a base material of
the first wetting layer 143a with the solder. Furthermore, the
first wetting layer 143a may further include a first compound
layer formed of the first intermetallic compound. However,
embodiments are not limited thereto, and the first intermetal-
lic compound may be distributed in the entire first wetting
layer 1434 or formed only in a portion of the first wetting
layer 143a. The first wetting layer 143a may include at least
one of cobalt, copper, gold, nickel, silver, and an alloy thereof.
[0075] To improve adhesion of the first UBM layer 140a
with an insulating layer formed of an insulating material, such
as silicon oxide or silicon nitride, the second adhesive layer
144a may be stacked on the first wetting layer 143a. The
second adhesive layer 144a may include at least one of a
refractory metal (e.g., titanium, chromium, zinc, molybde-
num, and tungsten), nickel, and an alloy thereof. However,
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embodiments are not limited thereto, and the second adhesive
layer 144a may include various metal materials. The second
adhesive layer 144a may include an adhesive oxide layer
formed by oxidizing a material contained in the second adhe-
sive layer 144 that is exposed due to a process. At least a
portion of the second adhesive layer 144a may include an
adhesive oxide layer. In an embodiment, the adhesive oxide
layer may be formed by oxidizing the entire second adhesive
layer 144a. However, embodiments are not limited thereto,
and the second adhesive layer 144a may be formed only on a
portion of the first wetting layer 1434 or may not be provided
on the first wetting layer 143a.

[0076] Referring to FIG. 2B, a first UBM layer 14056 may
have a similar structure as the first UBM layer 140q of FIG.
2A, buta first adhesive layer 1415 and a diffusion barrier layer
1425 may be different from the first adhesive layer 1414 and
the diffusion barrier layer 142a of FIG. 2A. A height ‘b’ of the
first adhesive layer 1415 may be different from a height ‘a’ of
the diffusion barrier layer 1425. Furthermore, the first adhe-
sive layer 1415 may be stacked to a greater height ‘b’ than the
height ‘a’ of the diffusion barrier layer 1425. Also, the first
adhesive layer 1415 may include the same or similar material
as the diffusion barrier layer 14254. In addition, the first adhe-
sive layer 1415 and the diffusion barrier layer 1426 may be
substantially simultaneously formed using one process or
separately formed using different processes.

[0077] Referring to FIG. 2C, a first UBM layer 140¢ may
have a structure similar to the first UBM layer 140q, but a first
compound layer 145¢ may be formed of a first intermetallic
compound on a first wetting layer 143¢. The first compound
layer 145¢ may include the first intermetallic compound,
which is formed due to a chemical reaction of a solder of a
solder bump with a base element of the first wetting layer
143¢. Although FIG. 2C illustrates an example in which the
first compound layer 145¢ is formed only on a top surface of
the first wetting layer 143¢, embodiments are not limited
thereto. For example, the first compound layer 145¢ may be
formed in a deep region of the first wetting layer 143¢. Fur-
thermore, the first compound layer 145¢ may be formed in the
entire first wetting layer 143¢ and on a top surface of the
diffusion barrier layer 142c¢.

[0078] Referring to FIG. 2D, a first UBM layer 140d may
have a structure similar to the first UBM layer 140q. In this
embodiment, an insulating layer 146 is illustrated stacked on
the second adhesive layer 144d. The second adhesive layer
1444 may have an adhesion to the insulating layer 146 that is
higher than an adhesion of the first wetting layer 1434 to the
insulating layer 146.

[0079] FIGS. 3A and 3B are side cross-sectional views of
the second UBM layer 150, according to various embodi-
ments. Referring to FIG. 3A, a second UBM layer 150a may
include a third adhesive layer 151a and a second wetting layer
152a. The third adhesive layer 151a may be stacked on and
adhered to an upper layer of the first UBM layer 140. The
third adhesive layer 151a may be selected such that adhesion
of'the third adhesive layer 151a to the first UBM layer 140 is
higher than adhesion of the second wetting layer 1524 to the
first UBM layer 140. Accordingly, the third adhesive layer
151a may include a material that may be more easily adhered
to a material contained in the upper layer of the first UBM
layer 140. A material of the third adhesive layer 151a may
depend on the material contained in the upper layer of the first
UBM layer 140. Since the second UBM layer 150« includes
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the third adhesive layer 151a, the second UBM layer 150a
may be adhered to the first UBM layer 140 with a higher
adhesive strength.

[0080] Referring to FIG. 3B, a second UBM layer 1505
may further include a second compound layer 1535 in con-
trast with the second UBM layer 150a of FIG. 3A. The second
compound layer 1535 may include a second intermetallic
compound that is formed due to a chemical reaction of a
solder of a solder bump with a base element of a second
wetting layer 1525. FIG. 3B illustrates an example in which
the second compound layer 1535 is formed only on a top
surface of the second wetting layer 1525, but embodiments
are not limited thereto. For example, the second compound
layer 1535 may be formed in a deep region of the second
wetting layer 1525. Also, the second compound layer 1535
may be formed in the entire second wetting layer 1525. Fur-
thermore, a third adhesive layer 1516 may include a third
intermetallic compound, which is formed due to a chemical
reaction of a base material of the third adhesive layer 1515
with the solder of the solder bump.

[0081] FIGS. 4A and 4B are detailed side cross-sectional
views of stacked structures of solder pad units 100a and 1005
according to various embodiments. Referring to FIG. 4A, the
solder pad unit 100a may include a semiconductor layer 110,
an electrode 180 electrically connected to the semiconductor
layer 110, an electrode pad 120 electrically connected to the
electrode 180, an insulating layer 190 configured to insulate a
remaining portion other than a portion in which the electrode
180 is electrically connected to the electrode pad 120, a
passivation layer 130 configured to insulate a remaining por-
tion other than an exposed portion of the electrode pad 120, a
solder bump 160 electrically connected to the electrode pad
120, and a first UBM layer 140 and a second UBM layer 150
configured to electrically connect and physically adhere the
electrode pad 120 and the solder bump 160 to each other and
reduce a chance of or prevent separation of the solder bump
160.

[0082] The first UBM layer 140 may include a first adhe-
sive layer 141, a diffusion barrier layer 142, a first wetting
layer 143, and a second adhesive layer 144. The second UBM
layer 150 may include a third adhesive layer 151 and a second
wetting layer 152. Since structural characteristics of the first
and second UBM layers 140 and 150 are described above,
detailed descriptions thereof are omitted.

[0083] Referring to FIG. 4B, the solder pad unit 1005 may
further include a first compound layer 145 and a second
compound layer 153 in contrast with the solder pad unit 100«
of FIG. 4A. The first compound layer 145 may include a first
intermetallic compound that is formed due to a chemical
reaction of a base material of the first wetting layer 143 with
a solder of the solder bump 160. The second compound layer
153 may include a second intermetallic compound that is
formed due to a chemical reaction of a base material of the
second wetting layer 152 with the solder of the solder bump
160. The first intermetallic compound may be the same mate-
rial as or a different material from the second intermetallic
compound. In other embodiments the first compound layer
145 and the second compound layer 153 may have various
positions. Since the positions of the first and second com-
pound layers 145 and 153 are described above, detailed
descriptions thereof are omitted.

[0084] FIG. 5 is a side cross-sectional view of a solder pad
unit 200 according to another embodiment. Referring to FI1G.
5, a second UBM layer 250 may have a stacked structure
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different from the second UBM layer 150 of FIG. 4A. The
second UBM layer 250 may have a horizontal width that is
smaller than a maximum horizontal width of a solder bump
260. The second UBM layer 250 may be formed to have a
smaller horizontal width than a first UBM layer 240. That is,
the second UBM layer 250 may be formed to have a smaller
width than the first UBM layer 240 by as much as a left width
‘a’ and a right width ‘b’. The left width ‘a’ may have the same
or a different value from the right width ‘b’. That is, photo-
resist may be formed on the first UBM layer 240 and pat-
terned to form a photoresist pattern, and the second UBM
layer 250 may be formed on a second adhesive layer 244
exposed by the photoresist pattern. In this case, an exposure
range of the second adhesive layer 244 exposed by the pho-
toresist pattern may be varied, thereby forming the second
UBM layer 250 having a smaller horizontal width than the
first UBM layer 240 as shown in FIG. 5. In another case, an
insulating layer may be stacked on the first UBM layer 240,
and a portion of the insulating layer may be etched in consid-
eration of an exposed region of the first UBM layer 240, and
the second UBM layer 250 may be stacked on the etched
portion of the insulating layer. Thus, the second UBM layer
250 having a smaller horizontal width than the first UBM
layer 240 may be formed. The second UBM layer 250 may be
stacked using a sputtering process, a deposition process, a
plating process, or the like. The first UBM layer 240 may
include a metal seed layer not shown), and the second UBM
layer 250 may be a layer grown from the metal seed layer.
However, embodiments are not limited thereto, and the sec-
ond UBM 250 may be stacked on the first UBM layer 240
using various processes. Thus, a solder of the solder bump
260 may be directly adhered to the first UBM layer 240. The
solder bump 260 may be formed by forming a first interme-
tallic compound between a first wetting layer 243 and the
solder.

[0085] FIG. 6 is a side cross-sectional view of a stacked
shape of a second UBM layer 350, according to another
embodiment. Referring to FIG. 6, the second UBM layer 350
may have a stacked shape different from the second UBM
layer 150 of FIG. 4A. The second UBM layer 350 may be
separated into at least two pieces on the first UBM layer 340,
and a solder of a solder bump 360 may fill spaces between the
separated pieces. In FIG. 6, five pieces of the second UBM
layer 350 may be spaced a predetermined distance apart from
one another and disposed on the first UBM layer 340. An
insulating layer may be stacked on a first UBM layer 340,
portions of the insulating layer may be etched in consider-
ation of the stacked shape of the second UBM layer 350, and
the second UBM layer 350 may be stacked on the etched
portions of the insulating layer. Thus, the second UBM layer
350 of FIG. 6 may be formed. In another case, the second
UBM layer 350 may be stacked on the first UBM layer 340,
and photoresist may be formed on the second UBM layer 350
and patterned to form a photoresist pattern. Thus, the second
UBM layer 350 may be formed in at least two separated
pieces.

[0086] However, embodiments are not limited to the
present embodiment, and the second UBM layer 350 may be
formed using various processes. The second UBM layer 350
may be separated into multiple pieces, which are spaced
respectively different distances from one another, and stacked
onthe first UBM layer 340. As aresult, the solder of the solder
bump 360 may be directly adhered to the first UBM layer 340,
and the solder bump 360 may be formed by forming a first
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intermetallic compound between the first wetting layer 343
and the solder of the solder bump 360.

[0087] FIG. 7 is a detailed side cross-sectional view of a
stacked structure of a solder pad unit 400 according to another
embodiment. Referring to FIG. 7, the solder pad unit 400 may
be similar to, but further include a buffer layer 470 different
from the solder pad unit 100 of FIG. 4A. The bufter layer 470
may be disposed on at least a portion of an electrode pad 420.
Accordingly, the buffer layer 470 may act as an electrical
insulator and serve to reduce an external impact. In an
embodiment, the buffer layer 470 may include at least one of
polyimide, epoxy, and silicon oxide. A portion of a first UBM
layer 440 may be stacked on the buffer layer 470. A height ‘¢’
of the buffer layer 470 may be adjusted during a process of
forming the solder pad unit 400. A height of a solder bump
460 may be controlled by adjusting the height ‘¢’ of the buffer
layer 470.

[0088] FIGS. 8A, 8B, and 8C are flowcharts illustrating a
method 500 of manufacturing a solder pad unit according to
an embodiment. Referring to FIG. 8A, an electric circuit may
be formed on a substrate and an electrode pad may be formed
to be connected to the electric circuit formed on the substrate
(S8510). Thereafter, a passivation layer including an insulating
material, such as silicon oxide, may be stacked on the elec-
trode pad, and a portion of the passivation layer may be
removed to expose at least a portion of the electrode pad.
Next, a first UBM layer may be formed on the electrode pad
exposed by removing the portion of the passivation layer
(8520). Thereafter, a partially etched insulating layer or pho-
toresist pattern may be formed on the first UBM layer, and a
second UBM layer may be stacked on the first UBM layer
(S530). Thereafter, a solder may be formed on the second
UBM layer, the etched insulating layer or photoresist pattern
may be removed, and a solder bump may be formed by using
a solder reflow process (S540). Optionally, the first UBM
layer or the second UBM layer may be removed by using an
intermetallic compound formed on the first UBM layer or the
second UBM layer as a mask to form the solder pad unit.

[0089] FIG. 8B is a detailed flowchart of an example of an
operation S520 of stacking the first BUM layer of FIG. 8A.
Initially, a first adhesive layer may be formed on an electrode
pad (S521). Thereafter, a diffusion barrier layer may be
formed on the first adhesive layer (S522), and a first wetting
layer may be formed on the diffusion barrier layer (S523).
Next, a second adhesive layer may be formed on the first
wetting layer (S524), and an insulating layer formed of, for
example, silicon oxide, may be formed on the second adhe-
sive layer (S525). In another embodiment, a photoresist pat-
tern may be formed on the second adhesive layer.

[0090] FIG. 8Cisa detailed flowchart of an operation S530
of stacking the second UBM layer of FIG. 8A. An insulating
layer formed of, for example, silicon oxide, may be etched to
expose a portion of a first UBM layer (S531), and a third
adhesive layer may be formed on a second adhesive layer that
is oxidized during the etching process (S532). Thereafter, a
second wetting layer may be formed on the third adhesive
layer (S533). Subsequently, the remaining insulating layer
formed of silicon oxide may be removed (S534).

[0091] FIGS.9A to 9K illustrate a method of manufacturing
the solder pad unit 100 of FIG. 1C, according to an embodi-
ment. In FIGS. 9A to 9E, descriptions of the semiconductor
layer 110, the electrode 180, and the insulating layer 190 of
the semiconductor chip 100 of FIG. 1C are omitted.
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[0092] Referring to FIG. 9A, an electrode pad 120 may be
formed to be electrically connected to an electric circuit
formed on a substrate. Thereafter, a first adhesive layer 141
may be formed and stacked on the electrode pad 120, and a
diffusion barrier layer 142 may be formed and stacked on the
first adhesive layer 141. In this case, the first adhesive layer
141 and the diffusion barrier layer 142 may be formed at
substantially the same time and include substantially the
same material. Thereafter, a first wetting layer 143 may be
formed and stacked on the diffusion barrier layer 142, and a
second adhesive layer 144 may be formed and stacked on the
first wetting layer 143 to improve adhesion of the second
adhesive layer 144 with an insulating layer DL to be stacked
later. Thus, a first UBM layer 140 may be formed. The first
UBM layer 140 may be stacked using a sputtering process or
a deposition process or grown from a metal seed layer, but
embodiments are not limited thereto.

[0093] Referring to FIB. 9B, the insulating layer DL, which
is patterned to expose a portion of the first UBM layer 140,
may be formed. The insulating layer DL may be, for example,
a silicon oxide layer. Optionally, a photoresist pattern may be
formed to expose the portion of the first UBM layer 140. In
this case, an exposed portion of the second adhesive layer 144
disposed in an upper portion of the first UBM layer 140 may
be oxidized to form an adhesive oxide layer 1445, and an
unexposed portion 144a of the second adhesive layer 144
may remain unoxidized. In an embodiment, the adhesive
oxide layer 1445 may be formed to a thickness corresponding
to the entire thickness of the second adhesive layer 144 or to
a thickness corresponding to a partial thickness thereof.
[0094] Referring to (a) of FIG. 9C, a third adhesive layer
151 may be formed on the adhesive oxide layer 1445, and a
second wetting layer 152 may be formed on the third adhesive
layer 151, thereby forming a second UBM layer 150. The
third adhesive layer 151 and the second wetting layer 152 of
the second UBM layer 150 may be respectively formed using
a sputtering process or a deposition process or grown from a
metal seed layer, but embodiments are not limited thereto.
[0095] Referring to (b) of FIG. 9C, a second UBM layer
1505 having a smaller horizontal width than the first UBM
layer 140 may be stacked by controlling an etching region of
an insulating layer DL.2. That is, the second UBM layer 1505
may be stacked by controlling a distance ‘a’ between etched
insulating layers DL2 of (b) of FIG. 9C to be smaller than a
distance ‘b’ between etched insulating layers DL of (a) of
FIG.9C. Thedistance ‘a’between the etched insulating layers
DL2 may be smaller than a width of a solder bump to be
formed subsequently. However, embodiments are not limited
to the present embodiment, and a horizontal width of the
second UBM layer 1505 may be controlled by pattering pho-
toresist or using various other methods.

[0096] Referring to (c) of FIG. 9C, a second UBM layer
150¢ may be stacked in at least two pieces on a first UBM
layer 140. Operations described with reference to (a) of FIG.
9C may be performed so that the second UBM layer 150c may
be formed as shown in (¢) of FIG. 9C by using an etched
insulating layer DL3 formed on the second UBM layer 150¢
as a mask. In another embodiment, the second UBM layer
150¢ may be stacked through a photoresist pattern. Subse-
quently, a hatched portion of the insulating layer DL.3 may be
selectively removed before a solder is formed. However,
embodiments are not limited to the present embodiment, and
the second UBM layer 150¢ may be formed using various
processes.
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[0097] Referring to FIG. 9D, a solder 160a may be formed
on the second wetting layer 152 by using a plating process.
Thereafter, the insulating layer DL may be removed. The
solder 160a may be reflowed, and an intermetallic compound
may be formed due to a chemical reaction of the solder 1604
with a base material of the first wetting layer 143 and/or a base
material of the second wetting layer 152.

[0098] Referring to FIG. 9E, the second wetting layer 152
may include a second compound layer 153 formed of a sec-
ond intermetallic compound, and the first wetting layer 143
may include a first compound layer 145 formed of a first
intermetallic compound. Although FIG. 9E illustrates an
example in which the second compound layer 153 and the
first compound layer 145 are formed on surfaces ofthe second
wetting layer 152 and the first wetting layer 143, respectively,
embodiments are not limited thereto, and the second com-
pound layer 153 and the first compound layer 145 may be
formed in other positions. Thereafter, the solder bump 160
may form a stable compound in an etchant, and unnecessary
portions of the first UBM layer 140 and the second UBM
layer 150 may be removed by using the solder bump 160 as a
mask. As described above, by further stacking the second
UBM layer 150 on the first UBM layer 140, adhesion of the
solder pad unit 100 to the solder bump 160 may be improved,
and mechanical reliability of a semiconductor chip or a semi-
conductor apparatus including the solder pad unit 100 may be
improved. Although FIG. 9E illustrates an example in which
side surfaces of the respective layers are aligned in a vertical
direction, the side surfaces of the respective layers may not be
aligned in the vertical direction depending on wet etching
characteristics.

[0099] FIG. 10 is an exploded perspective view of a back-
light (BL)) assembly 3000 including a light-emitting device
array unit in which an LED chip manufactured using a
method of manufacturing an LED chip, according to an
embodiment, is arranged.

[0100] As shown in FIG. 10, a direct-light-type BL assem-
bly 3000 may include a lower cover 3005, a reflection sheet
3007, a light-emitting module 3010, an optical sheet 3020, an
LC panel 3030, and an upper cover 3040. A light-emitting
device array unit, according to an embodiment, may be used
as the light-emitting module 3010 included in the direct-light-
type BL assembly 3000.

[0101] According to an embodiment, the light-emitting
module 3010 may include a light-emitting device array 3012
including at least one light-emitting device package and a
circuit substrate and a rank storage unit 3013. As in the
above-described embodiments, the light-emitting device
array 3012 may include a semiconductor chip or light-emit-
ting apparatus including the solder pad unit 100 of FIG. 1. The
light-emitting device array 3012 may receive power for emit-
ting light from a light-emitting device driver disposed outside
the direct-light-type BL assembly 3000, and the light-emit-
ting device driver may control current supplied to the light-
emitting device array 3012.

[0102] Theoptical sheet 3020 may be disposed on the light-
emitting module 3010 and include a diffuser sheet 3021, a
condensing sheet 3022, and a protection sheet 3023. That is,
the diffuser sheet 3021 configured to diffuse light emitted by
the light-emitting module 3010, the condensing sheet 3022
configured to condense the light diffused by the diffuser sheet
3021 and increase luminance, and the protection sheet 3023
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configured to protect the condensing sheet 3012 and ensure a
view angle may be sequentially prepared on the light-emitting
module 3010.

[0103] The upper cover 3040 may enclose an edge of the
optical sheet 3020 and be assembled with the lower cover
3005.

[0104] The LC panel 3030 may be further provided
between the optical sheet 3020 and the upper cover 3040. The
LC panel 3030 may include a pair of a first substrate (not
shown) and a second substrate (not shown), which may be
bonded to each other with an .C layer therebetween. Multiple
gate lines may intersect multiple data lines to define pixel
regions on the first substrate. Thin-film transistors (TFTs)
may be respectively provided at intersections between the
pixel regions, and may correspond one-to-one to and be con-
nected to pixel electrodes mounted on the respective pixel
regions. The second substrate may include red (R), green (G),
and blue (B) color filters respectively corresponding to the
pixel regions and a black matrix covering edges of the respec-
tive color filters, the gate lines, the data lines, and the TFTs.
[0105] FIG. 11 is a schematic diagram of a flat-panel semi-
conductor light-emitting apparatus 4100 including a light-
emitting device array unit and a light-emitting device module
in which an LED chip manufactured using a method of manu-
facturing an LED chip, according to an embodiment, is
arranged.

[0106] The flat-panel semiconductor light-emitting appa-
ratus 4100 may include a light source 4110, a power supply
device 4120, and a housing 4130. According to an embodi-
ment, the light source 4110 may include a light-emitting
device array unit including a light emitting apparatus or semi-
conductor chip according to an embodiment.

[0107] The light source 4110 may include a light-emitting
device array unit and have an overall plane shape as shown in
FIG. 11.

[0108] The power supply device 4120 may be configured to
supply power to the light source 4110.

[0109] Thehousing 4130 may include a containing space in
which the light source 4110 and the power supply device 4120
are contained, and have a hexahedral shape having one open
side surface, but embodiments are not limited thereto. The
light source 4110 may be disposed to emit light toward the
open side surface of the housing 4130.

[0110] FIG. 12 is a schematic diagram of a bulb-type lamp,
which is a semiconductor light-emitting apparatus 4200
including a light-emitting device array unit and a light-emit-
ting device module in which an LED chip manufactured using
a method of manufacturing an LED chip, according to an
embodiment, is arranged. FIG. 13 is an international commis-
sion on illumination (CIE) chromaticity diagram of a com-
plete radiator spectrum. The semiconductor light-emitting
apparatus 4200 may include a socket 4210, a power source
unit 4220, a heat radiation unit 4230, a light source 4240, and
an optical unit 4250. According to an embodiment, the light
source 4240 may include a light-emitting device array unit
including a light-emitting apparatus or semiconductor chip
according to an embodiment.

[0111] The socket 4210 may be configured to be capable of
being replaced by various standard sockets. Power supplied to
the illumination system 4200 may be applied through the
socket4210. As shown in FIG. 12, the power source unit 4220
may be formed by assembling a first power source unit 4221
and a second power source unit 4222.
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[0112] Theheatradiation unit 4230 may include an internal
radiation unit 4231 and an external radiation unit 4232. The
internal radiation unit 4231 may be directly connected to the
light source 4240 and/or the power source unit 4220 so that
heat may be transmitted to the external radiation unit 4232.
The optical unit 4250 may include an internal optical unit (not
shown) and an external optical unit (not shown) and may be
configured to substantially uniformly disperse light emitted
by the light source 4240.

[0113] The light source 4240 may be configured to receive
power from the power source unit 4220 and emit light to the
optical unit 4250. The light source 4240 may include a light-
emitting device array unit, according to one or more of the
embodiments. The light source 4240 may include at least one
light-emitting device package 4241, a circuit substrate 4242,
and a rank storage unit 4243, and the rank storage unit 4243
may store rank information of light-emitting device packages
4241.

[0114] Multiple light-emitting device packages 4241
included in the light source 4240 may be of the same kind to
generate light having the same wavelength. Alternatively, the
light-emitting device packages 4241 included in the light
source 4240 may be of different kinds to generate light having
different wavelengths. For example, the light-emitting device
package 4241 may include a blue light-emitting device, a
white light-emitting device manufactured by combining yel-
low, green, red, or orange phosphors, and at least one of
violet, blue, green, red, or infrared (IR ) light-emitting devices
s0 as to control a color temperature of white light and a color
rendering index (CRI). Alternatively, when an LED chip
emits blue light, a light-emitting device package including at
least one of yellow, green, and red phosphors may be config-
ured to emit white light having various color temperatures
according to a combination ratio of the phosphors. Alterna-
tively, a light-emitting device package in which a green or red
phosphor is applied to the blue LED chip may be configured
to emit green or red light. The light-emitting device package
configured to emit white light may be combined with the
light-emitting device package configured to emit green or red
light so as to control a color temperature of white light and
CRI. Also, the light-emitting device package 4241 may
include at least one of light-emitting devices configured to
emit violet, blue, green, red, or IR light. In this case, the
semiconductor light-emitting apparatus 4200 may be config-
ured to control CRI to the level of about 40 to about 100, and
generate various white light beams at a color temperature of
about 1500K to about 20000K. When necessary, the semi-
conductor light-emitting apparatus 4200 may be configured
to generate violet, blue, green, red, or orange visible light or
IR light and control color of illumination according to an
ambient atmosphere or mood. Also, the semiconductor light-
emitting apparatus 4200 may be configured to generate light
having a specific wavelength to facilitate growth of plants.

[0115] White light generated by a combination of the blue
light-emitting device with yellow, green, red phosphor and/or
green and red light-emitting devices may have at least two
peak wavelengths. As shown in FIG. 13, coordinates (x, y) of
the white light in a CIE 1931 coordinate system may be
located on a segment connecting (0.4476, 0.4074), (0.3484,
0.3516), (0.3101, 0.3162), (0.3128, 0.3292), and (0.3333,
0.3333) or located in a region surrounded with the segment
and ablackbody radiator spectrum. A color temperature of the
white light may be between 1500K and 20000K.
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[0116] FIGS. 14A and B are each a diagram of an example
of a light-emitting device package in which an LED chip
manufactured using a method of manufacturing an LED chip,
according to an embodiment, is arranged. Referring to FIG.
14A, for example, a white light-emitting package module of
which a color temperature may be controlled within a range of
about 2000K to about 4000K and CRI (Ra) is about 85 to
about 99 may be manufactured by combining a white light-
emitting device package having a color temperature of about
4000K and a red light-emitting device package having a color
temperature of about 3000K. FIG. 15 illustrates an example
of such a light-emitting device package with white light-
emitting device packages W1 and W2, and red light-emitting
device packages R.

[0117] Referring to FIG. 14B, in other embodiments, a
white light-emitting package module of which a color tem-
perature may be controlled within a range of about 2700K to
about 5S000K and CRI (Ra) is about 85 to about 99 may be
manufactured by combining a white light-emitting device
package having a color temperature of about 2700K and a
white light-emitting device package having a color tempera-
ture of about SO00K. FIG. 16 illustrates an example of such a
light-emitting device package with corresponding white
light-emitting device packages W3 and white light-emitting
device packages W4.

[0118] The number of light-emitting device packages hav-
ing respective color temperatures may mainly depend on a
default color temperature. In an illumination system of which
a default color temperature is about 4000K, the number of
light-emitting device packages having a color temperature of
about 4000K may be set to be larger than the number of
light-emitting device packages having a color temperature of
about 3000K or the number of red light-emitting device pack-

ages.
[0119] Phosphors may have formulas and colors as follows.
[0120] Oxide-based phosphors: yellow and green

Y;ALO, ,:Ce, Tb;AL,O,,:Ce, Lu;ALO, ,:Ce
[0121] Silicate-based phosphors: yellow and green (Ba,Sr)
,310,:Eu, yellow and orange (Ba,Sr),Si0,:Ce
[0122] Nitride-based phosphors: green 3-SiAION:Eu, yel-
low La;SigN,, :Ce, orange a-SiAION:Eu, red CaAlSiN;:Eu,
Sr,S1;Ng:Eu, SrSiAlN,:Eu, SrLiAl;N,:Eu,

Ln, (BuM, ),Si;; ALO;  Njg (05=xs<3,

0<z<0.3,0<y=4) Formula (1)

[0123] In Formula (1), Ln may be at least one element
selected from the group consisting of a Group Illa element
and a rare-earth element, and M may be at least one element
selected from the group consisting of calcium (Ca), barium
(Ba), strontium (Sr), and magnesium (Mg).

[0124] Fluoride-based phosphors: KSF-based red K,SiFg:
Mn,+, K, TiF:Mn,+, NaYF,:Mn,+, NaGdF,,:Mn,+

[0125] Compositions of the phosphors should be based on
stoichiometry, and respective elements may be replaced by
other elements in respective groups in the periodic table. For
example, Sr may be replaced by Group 11 elements (alkaline
earths), such as Ba, Ca, or Mg, and Y may be replaced by a
lanthanum-based element, such as Tb, Lu, Sc, or Gd. Also,
europium (Eu) serving as an activator may be replaced by
cerium (Ce), terbium (Tb), praseodymium (Pr), erbium (Er),
or ytterbium (Yb) according to a desired energy level. An
activator may be used alone or a co-activator may be further
applied to vary characteristics.

[0126] Furthermore, materials, such as quantum dots
(QDs), may be used as materials capable of replacing phos-
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phors, and phosphors and QDs may be used alone or in
combination with one another.

[0127] A QD may have a structure including a core (about
3 nm to about 10 nm), such as CdSe or InP, a shell (about 0.5
nm to about 2 nm), such as ZnS and ZeSe, and a ligand for
stabilizing the core and the shell, and may be embodied in
various colors according to size.

[0128] Although the present embodiment describes a case
in which a wavelength conversion material is contained in an
encapsulant, the wavelength conversion material may be
bonded as a film type on a top surface of the LED chip or
coated to a uniform thickness on the top surface of the LED
chip.

[0129] The following Table 1 shows types of phosphors in
respective fields to which a white light-emitting device using
a blue LED chip (about 440 nm to about 460 nm) is applied.

TABLE 1
Purpose Phosphor
LED TV BLU B-SiAION: Eu2+

(Ca, Sr)AISIN;: Eu2+

La;SigN;: Ce3+

K, SiFg: Mn4+

SrLiAl3N4: Eu

Loy (EuM,; ), 8115 ,ALO3N g,
(05=x=3,0<2<03,0<y=4)
K2TiF6: Mn4+

NaYF4: Mn4+

NaGdF4: Mn4+

LuzAlsO5: Ce3+

Ca-a-SiAION: Eu2+

La;SigN;: Ce3+

(Ca, Sr)AISIN;: Eu2+

Y3AL;0,: Ce3+

K, SiFg: Mn4+

SrLiAl3N4: Eu

Loy (Eu,M, ), Sipn  ALOsN g .,
(05=x=3,0<2<03,0<y=<4)
K2TiF6: Mn4+

NaYF4: Mn4+

NaGdF4: Mn4+

LuzAlsO,5: Ce3+

Ca-a-SiAION: Eu2+

La;SigN;: Ce3+

(Ca, Sr)AISIN;: Eu2+

Y;AlL0,5: Ce3+

(Sr, Ba, Ca, Mg)2SiO4: Eu2+

K, SiFg: Mnd+

SrLiAl3N4: Eu
Ln4—x(Eu2Ml—z)xSil2—yAly03+x+yN18—x—y
(05=x=3,0<2<03,0<y=4)
K2TiF6: Mn4+

NaYF4: Mn4+

NaGdF4: Mn4+

LuzAlsO5: Ce3+

Ca-a-SiAION: Eu2+

La;SigN;: Ce3+

(Ca, Sr)AISIN;: Eu2+

Y3AL;0,: Ce3+

K, SiFg: Mnd+

SrLiAl3N4: Eu

Loy (EuM,_),8115 ,AL O3, Nig
(05=x=3,0<2<03,0<y=4)
K2TiF6: Mn4+

NaYF4: Mn4+

NaGdF4: Mn4+

Illumination

Side View
(Mobile, Note PC)

Interior
(Head Lamp, etc.)

[0130] FIG. 17 is a diagram of a lamp 4300 that includes a
light-emitting device array unit and a light-emitting device
module in which an LED chip manufactured using a method
of manufacturing an LED chip, according to an embodiment,
is arranged, and includes a communication module 4320. The

Jun. 9, 2016

lamp 4300 of FIG. 15 may differ from the illumination system
4200 of FIG. 12 in that a reflection plate 4310 is disposed on
a light source 4240. The reflection plate 4310 may be config-
ured to substantially uniformly disperse light emitted by the
light source sideward and backward and reduce light dazzle.
[0131] The communication 4320 may be mounted on the
reflection plate 4310, and home-network communications
may be enabled via the communication module 4320. For
example, the communication module 4320 may be a wireless
communication module using Zigbee, and be configured to
control household illumination (i.e., turning-on/oft of a lamp
and control of brightness) by means of a smartphone or a
wireless controller.

[0132] FIG. 18 is a diagram of an example in which a lamp
5200 including a light-emitting device array unit and a light-
emitting device module in which an LED chip manufactured
using a method of manufacturing an LED chip, according to
an embodiment, is arranged, is applied to a home-network.
The home-network may be configured to automatically con-
trol brightness of the lamp 5200 using household wireless
communications (e.g., Zigbee and WiFi) depending on opera-
tion states of a bedroom, a living room, a front door, a storage
closet, household appliances, garage door openers, door
locks, handheld devices, switches, ambient environments and
statuses, or the like.

[0133] For example, as shown in FIG. 18, the brightness of
the lamp 5200 may be automatically controlled depending on
the type of a TV program viewed on a TV 5100 or the bright-
ness of a screen of the TV 5100. When a drama is shown on
the TV 5100 and a cozy atmosphere is needed, a color tem-
perature of the lamp 5200 may be reduced to about 12000K or
lower and the impression of colors may be controlled. In
contrast, when a comedy program is shown in a light-hearted
atmosphere, a color temperature of the lamp 5200 may be
increased to about 12000 K or higher, and the lamp 5200 may
be controlled in bluish white colors.

[0134] FIG. 19 is a cross-sectional view of an example of a
package 6000 to which a semiconductor light-emitting device
according to an embodiment is applied. Referring to FIG. 19,
a semiconductor light-emitting device package 6000 may
include a pair of lead frames 6010 and an encapsulation unit
6005. The semiconductor light-emitting device 6001 may be
the semiconductor light-emitting device 1 of FIG. 1 or other
embodiments. A first solder pad 6610 and a second solder pad
6620 of the semiconductor light-emitting device 6001 may
respectively include the first UBM layer and the second UBM
layer described with reference to FIG. 1C or other embodi-
ments, and descriptions thereof are omitted.

[0135] The semiconductor light-emitting device 6001 may
be mounted on the lead frame 6010, and electrically con-
nected to the lead frame 6010 by a conductive adhesive mate-
rial. The conductive adhesive material may be, for example,
solder bumps S containing tin (Sn) or other conductive mate-
rial. The pair of lead frames 6010 may include a first lead
frame 6012 and a second lead frame 6014. Referring to FIG.
19, the first solder pad 6610 and the second solder pad 6620 of
the semiconductor light-emitting device 6001 may be respec-
tively connected to the first lead frame 6012 and the second
lead frame 6014 by the solder bumps S interposed between
the pair of lead frames 6010.

[0136] A package main body 6002 may include a reflection
cup to improve light reflection efficiency and light extraction
efficiency. The encapsulation unit 6005 formed of a light
transmission material may be formed in the reflection cup to
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encapsulate the semiconductor light-emitting device 6001.
The encapsulation unit 6005 may include a wavelength con-
version material. Specifically, the encapsulation unit 6005
may include a light-transmitting resin, which may contain at
least one of a phosphor that is excited by light emitted by the
semiconductor light-emitting device 6001 and emits light
having a different wavelength from the light emitted by the
semiconductor light-emitting device 6001. Thus, the encap-
sulant unit 6005 may emit blue light, green light, or red light
and be controlled to emit white light or ultraviolet (UV) light.
[0137] FIGS. 20 and 21 are cross-sectional views of various
examples of an LED chip 7110, which may be applied to a
light source module, according to an embodiment. Referring
to FIG. 20, the LED chip 7110 may include a first-conduc-
tivity-type semiconductor layer 7112, an active layer 7113,
and a second-conductivity-type semiconductor layer 7114,
which may be sequentially stacked on a growth substrate
7111.

[0138] The first-conductivity-type semiconductor layer
7112 stacked on the growth substrate 7111 may be an n-type
nitride semiconductor layer doped with n-type impurities.
Also, the second-conductivity-type semiconductor layer
7114 may be a p-type nitride semiconductor layer doped with
p-type impurities. However, in some embodiments, the first
and second-conductivity-type semiconductor layers 7112
and 7114 may be stacked in exchanged positions.

[0139] The active layer 7113 interposed between the first
and second-conductivity-type semiconductor layers 7112
and 7114 may be configured to emit light having predeter-
mined energy due to re-combination between electrons and
holes. The active layer 7113 may include a material having a
lower energy bandgap than those of the first and second-
conductivity-type semiconductor layers 7112 and 7114. The
active layer 7113 may have an MQW structure formed by
alternately stacking quantum well layers and quantum barrier
layers. However, embodiments are not limited thereto, and
the active layer 7113 may have an SQW structure, quantum
dot, a nanowire, or a nanorod.

[0140] The LED chip 7110 may include first and second
electrode pads 71154 and 71155 that are electrically con-
nected to the first and second-conductivity-type semiconduc-
tor layers 7112 and 7114, respectively. The first and second
electrode pads 7115a and 71155 may be exposed and dis-
posed in the same direction. Also, the first and second elec-
trode pads 71154 and 71155 may include a first metal wetting
layer and a second metal wetting layer and be electrically
connected to a substrate by using a wire bonding technique or
a flip-chip bonding technique described with reference to
FIG. 1 or other embodiments.

[0141] AnLED chip 7110' shown in FIG. 21 may include a
semiconductor stacked structure formed on the growth sub-
strate 7111. The semiconductor stacked structure may
include a first-conductivity-type semiconductor layer 7112,
an active layer 7113, and a second-conductivity-type semi-
conductor layer 7114.

[0142] The LED chip 7110' may include first and second
electrode pads 7115a and 71155 connected to the first and
second-conductivity-type semiconductor layers 7112 and
7114, respectively. The first electrode pad 7115a may include
conductive vias 7151a, which are connected to the first-con-
ductivity-type semiconductor layer 7112 via the second-con-
ductivity-type semiconductor layer 7114 and the active layer
7113, and an electrode extension unit 7152a connected to the
conductive via 7151a. The conductive vias 7151a may be
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surrounded by an insulating layer 7116 and electrically iso-
lated from the active layer 7113 and the second-conductivity-
type semiconductor layer 7114. The conductive vias 7151a
may be disposed in an etched region of the semiconductor
stacked structure. The number, shape, and pitch of the con-
ductive vias 7151a or contact areas between the conductive
vias 7151a and the first-conductivity-type semiconductor
layer 7112 may be appropriately adjusted to reduce contact
resistances of the conductive vias 7151a. In FIG. 21, DV
denotes a diameter of the conductive via 71514 that is in
contact with the first-conductivity-type semiconductor layer
7112. Also, the conductive vias 7151a may be arranged in
rows and columns on the semiconductor stacked structure to
improve the flow of current. The second electrode pad 71155
may include an ohmic contact layer 71515 and an electrode
extension unit 715256 disposed on the second-conductivity-
type semiconductor layer 7114.

[0143] The number of the conductive vias 7151qa arranged
in rows and columns and the contact areas between the con-
ductive vias 7151a and the first-conductivity-type semicon-
ductor layer 7112 may be adjusted such that an area occupied
by the conductive vias 7151a on a plane surface of a region
where the conductive vias 7151a are in contact with the
first-conductivity-type semiconductor layer 7112 ranges
from about 0.5% of the entire area of a plane surface of the
semiconductor stacked structure to about 20% thereof. A
diameter of the conductive vias 7151a may range from, for
example, about 5 um to about 50 pm in the region where the
conductive vias 7151a are in contact with the first-conduc-
tivity-type semiconductor layer 7112. Also, the number of the
conductive vias 7151a per semiconductor stacked structure
may range from about 3 to about 300 according to the area of
the semiconductor stacked structure. Although depending on
the area of the semiconductor stacked structure, the number
of the conductive vias 7151a may be at least 4. The conduc-
tive vias 7151a may be arranged in a matrix shape and spaced
apart from one another by a distance of about 100 pm to about
500 um, more preferably, about 150 um to about 450 um.
When the distance between the conductive vias 71514 is less
than about 100 um, the number of the conductive vias 7151a
may increase, and an emission area may be relatively reduced
to degrade luminous efficiency. In contrast, when the distance
between the conductive vias 7151a is more than about 500
um, current diffusion may be precluded to degrade luminous
efficiency. A depth of the conductive vias 7151a may depend
on the thicknesses of the second-conductivity-type semicon-
ductor layer 7114 and the active layer 7113 and range from,
for example, about 0.5 um to about 5.0 um.

[0144] Embodiments include a semiconductor light-emit-
ting device and a semiconductor light-emitting apparatus
including the same, which may increase adhesion of an
under-barrier metal (UBM) layer with solder bumps and
improve reliability between chips or apparatuses.

[0145] An embodiment includes a semiconductor light-
emitting device including an electrode pad electrically con-
nected to an electrode, a first UBM layer stacked on and
adhered to the electrode pad, a second UBM layer stacked on
the first UBM layer and having a thin multilayered structure
including at least two layers, and a solder bump disposed on
the second UBM layer. Adhesion between the second UBM
layer and the solder bump may be higher than adhesion
between the first UBM layer and the solder bump.

[0146] The first UBM layer may include a first adhesive
layer stacked on and adhered to the electrode pad, a diffusion
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barrier layer stacked on the first adhesive layer, and a first
wetting layer stacked on the first adhesive layer and config-
ured to react with a solder of the solder bump to form a first
intermetallic compound.

[0147] The first UBM layer may include a second adhesive
layer stacked on the first wetting layer. The second adhesive
layer may be selected such that adhesion between the second
adhesive layer and an insulating layer is higher than adhesion
between the first wetting layer and the insulating layer.

[0148] The second adhesive layer may further include an
adhesive oxide layer.

[0149] The first adhesive layer and the diffusion barrier
layer may be formed of the same material.

[0150] The first adhesive layer and the diffusion barrier
layer may be formed using different processes. A height of the
first adhesive layer may be greater than a height of the diffu-
sion barrier layer.

[0151] The first wetting layer may include a first compound
layer formed of the first intermetallic compound formed due
to a reaction of a base material of the first wetting layer with
the solder of the solder bump.

[0152] Thesecond UBM layer may include athird adhesive
layer stacked on and adhered to an upper layer of the first
UBM layer, and a second wetting layer configured to react
with the solder of the solder bump to form a second interme-
tallic compound.

[0153] An upper layer of the first UBM layer may further
include an adhesive oxide layer. The third adhesive layer may
be selected such that adhesion between the third adhesive
layer and the adhesive oxide layer is higher than adhesion
between the second wetting layer and the adhesive oxide
layer.

[0154] The second wetting layer may include a second
compound formed of the second intermetallic compound
formed due to a reaction of a base material of the second
wetting layer with the solder of the solder bump.

[0155] The first UBM layer may have a larger horizontal
width than the second UBM layer.

[0156] The second UBM layer may be separated into at
least two pieces on the first UBM layer, and portions of the
solder of'the solder bump may be disposed between the sepa-
rated pieces.

[0157] A maximum horizontal width of the solder bump
may be greater than a horizontal width of the second UBM
layer.

[0158] Another embodiment includes a semiconductor
light-emitting apparatus comprising a solder bump. The
apparatus may include an electric circuit, a first UBM layer
configured to electrically connect the solder bump with an
electrode pad that is connected to the electric circuit, and a
second UBM layer stacked on the first UBM layer to improve
adhesion of the first UBM layer with the solder bump.

[0159] The second UBM layer may be separated into at
least two pieces on the first UBM layer, and portions of the
solder of'the solder bump may be disposed between the sepa-
rated at least two pieces.

[0160] While embodiments has been particularly shown
and described with reference to particular embodiments, it
will be understood that various changes in form and details
may be made therein without departing from the spirit and
scope of the following claims.
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1. A semiconductor light-emitting device comprising:

an electrode pad;

a first under-barrier metal (UBM) layer stacked on the
electrode pad;

a second UBM layer stacked on the first UBM layer and
having a multilayered structure including at least two
layers; and

a solder bump disposed on the second UBM layer,

wherein adhesion between the second UBM layer and the
first UBM layer is higher than adhesion between the first
UBM layer and the solder bump.

2. The device of claim 1, wherein the first UBM layer

includes a multilayered structure.

3. The device of claim 1, wherein the first UBM layer
comprises:

a first adhesive layer stacked on the electrode pad;

a diffusion barrier layer stacked on the first adhesive layer;

and

a first wetting layer stacked on the first adhesive layer.

4. The device of claim 3, wherein the first wetting layer is
configured to react with a solder of the solder bump to form a
first intermetallic compound.

5. The device of claim 3, wherein the first UBM layer
comprises a second adhesive layer stacked on the first wetting
layer, and

the second adhesive layer has an adhesion between the
second adhesive layer and an insulating layer that is
higher than adhesion between the first wetting layer and
the insulating layer.

6. The device of claim 5, wherein the second adhesive layer

further comprises an adhesive oxide layer.

7. The device of claim 3, wherein the first adhesive layer
and the diffusion barrier layer are formed of substantially the
same material.

8. The device of claim 3, wherein a height of the first
adhesive layer is greater than a height of the diffusion barrier
layer.

9. The device of claim 3, wherein the first wetting layer
comprises a first compound layer formed of a first interme-
tallic compound formed due to a reaction of a base material of
the first wetting layer with solder of the solder bump.

10. The device of claim 1, wherein the second UBM layer
comprises:

a second adhesive layer stacked on and adhered to an upper

layer of' the first UBM layer; and

a second wetting layer configured to react with the solder of
the solder bump to form an intermetallic compound.

11. The device of claim 10, wherein an upper layer of the
first UBM layer further comprises an adhesive oxide layer,
and

the second adhesive layer has an adhesion between the
second adhesive layer and the adhesive oxide layer is
higher than adhesion between the second wetting layer
and the adhesive oxide layer.

12. The device of claim 10, wherein the second wetting
layer comprises a compound formed of an intermetallic com-
pound formed due to a reaction of a base material of the
second wetting layer with a solder of the solder bump.

13. The device of claim 1, wherein the first UBM layer has
a larger horizontal width than the second UBM layer.

14. The device of claim 1, wherein the second UBM layer
is separated into at least two pieces on the first UBM layer,
and portions of the solder of the solder bump are disposed
between the separated pieces.
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15. The device of claim 1, wherein a maximum horizontal
width of the solder bump is greater than a horizontal width of
the second UBM layer.

16. The device of claim 1, further comprising a buffer layer
disposed between the electrode pad and the first UBM layer.

17. A semiconductor light-emitting apparatus comprising a
solder bump, the apparatus comprising:

an electric circuit;

a first under-barrier metal (UBM) layer configured to elec-
trically connect the solder bump with an electrode pad
that is connected to the electric circuit; and

a second UBM layer stacked on the first UBM layer and
configured to increase adhesion of the first UBM layer
with the solder bump.

18. The apparatus of claim 17, wherein the second UBM
layer is separated into at least two pieces on the first UBM
layer, and portions of the solder of the solder bump are dis-
posed between the separated at least two pieces.
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19. A semiconductor light-emitting device comprising:
an electrode pad;

a first adhesive layer stacked on the electrode pad;

a diffusion barrier layer stacked on the first adhesive layer;
a first wetting layer stacked on the diffusion barrier layer;
a second adhesive layer stacked on the first wetting layer;
athird adhesive layer stacked on the second adhesive layer;

a second wetting layer stacked on the third adhesive layer;
and

a solder bump formed on the second wetting layer.
20. The device of claim 19, further comprising:

a first compound layer disposed between the first wetting
layer and the second adhesive layer; and

a second compound layer disposed between the third adhe-
sive layer and the second wetting layer.
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