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(57) A semiconductor device according to an embod-
iment comprises: a substrate; a buffer layer provided on
the substrate; a first conductivity type semiconductor lay-
er provided on the buffer layer; a second conductivity
type semiconductor layer; a light emitting structure, pro-
vided between the first conductivity type semiconductor

layer and the second conductivity type semiconductor
layer, comprising an active layer which emits ultraviolet
light; and a plurality of air voids provided within the buffer
layer, wherein the air voids can be formed to have two
or more inclined surfaces.
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Description

[Technical Field]

[0001] The embodiment relates to a semiconductor de-
vice, a semiconductor device package, and a lighting sys-
tem including the same.

[Background Art]

[0002] Generally, a light emitting diode (LED) includes
a p-n junction diode having a characteristic of converting
electric energy into light energy. The p-n junction diode
can be formed by combining group III-V elements of the
periodic table. The light emitting device can represent
various colors by adjusting the compositional ratio of
compound semiconductors.
[0003] When a forward voltage is applied to an LED,
electrons of an N layer are combined with holes of a P
layer, so that energy corresponding to an energy gap
between a conduction band and a valance band may be
released. This energy is mainly realized as heat or light,
and the LED emits the energy as the light.
[0004] A nitride semiconductor represents superior
thermal stability and wide band gap energy so that the
nitride semiconductor has been spotlighted in the field of
optical devices and high-power electronic devices. In par-
ticular, blue, green, and UV light emitting devices em-
ploying the nitride semiconductor have already been
commercialized and extensively used.
[0005] An ultraviolet light emitting device (UV LED) is
a light emitting device of emitting light having the wave-
length in the range of 200 nm to 400 nm. The ultraviolet
light emitting device includes a short wavelength and a
long wavelength depending on the usage thereof. The
short wavelength may be used for sterilization or purifi-
cation and the long wavelength may be used in an ex-
posing device and a curing device.
[0006] Meanwhile, the ultraviolet light emitting device
may have a problem in which light extraction efficiency
may be degraded due to the total reflection on the inter-
facial surface between the buffer layer and a sapphire
substrate. In order to improve the light extraction efficien-
cy, the attempts have been made to form air voids. How-
ever, the control of the air voids is difficult.

[Disclosure]

[Technical Problem]

[0007] The embodiment is to provide a semiconductor
device, a semiconductor device package, and a lighting
system, in which voids are provided in an upper portion
of a concavo-convex pattern and have uniform shapes
and sizes.

[Technical Solution]

[0008] According to the embodiment, an ultraviolet
semiconductor device includes a substrate, a buffer layer
provided on the substrate, a light emitting structure pro-
vided on the buffer layer and including a first conductive
semiconductor layer, a second conductive semiconduc-
tor layer, and an active layer interposed between the first
conductive semiconductor layer and the second conduc-
tive semiconductor layer to emit an ultraviolet light, and
a plurality of air voids provided in the buffer layer. The
air void may have at least two inclined facets.
[0009] In addition, according to the embodiment, the
semiconductor device includes a substrate, a buffer layer
provided at one side of the substrate, a void provided in
the buffer layer and having at least two inclined facets,
a light emitting structure provided at one side of the buffer
layer and including a first conductive semiconductor lay-
er, an active layer, and a second conductive semicon-
ductor layer, a sub-mount provided in opposition to the
substrate, at least one bump interposed between the light
emitting structure and the sub-mount, at least one contact
layer interposed between the at least one bump and the
light emitting structure, at least one spread layer inter-
posed between the at least one contact layer and the at
least one bump, and at least one contact separation layer
arranged between the light emitting structure and the
spread layer to separate the at least one contact layer
into a plurality of contact layers electrically isolated from
each other..

[Advantageous Effects]

[0010] According to the embodiment, the voids are pro-
vided above the concavo-convex pattern to block the
threading dislocations, thereby improving the quality of
epitaxial growth of the light emitting device.
[0011] According to the embodiment, a plurality of
voids having the uniform shape and size may be provided
above the concavo-convex pattern to induce light scat-
tering, thereby increasing light extraction efficiency.
[0012] According to an embodiment, the void having
the inclined facet with the specific slope is provided above
the concavo-convex pattern, thereby enhancing the ori-
entation angle.
[0013] According to an embodiment, the light efficiency
of the light emitting device having the flip chip bonding
structure may be improved by adjusting the height of the
void.

[Description of Drawings]

[0014]

FIG. 1 is a cross-sectional view of a semiconductor
device according to a first embodiment.
FIGS. 2 and 3 are a plan view and a perspective view
showing various shapes of the substrate according
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to the first embodiment.
FIG. 4 is a partial enlarged view of the semiconductor
device according to the first embodiment.
FIG. 5 is an SEM sectional view of the semiconductor
device according to the first embodiment.
FIGS. 6 and 7 are partial enlarged views of the sem-
iconductor device according to another embodiment.
FIG. 8 is a view showing the orientation angle of the
semiconductor device according to the first embod-
iment.
FIG. 9 is a cross-sectional view of a semiconductor
device according to the second embodiment.
FIG. 10 is a plan view of the semiconductor device
shown in FIG. 7.
FIG. 11 is a partial enlarged view of a semiconductor
device according to the second embodiment.
FIG. 12 is an SEM sectional view of the semicon-
ductor device according to the second embodiment.
FIG. 13 is a cross-sectional view of a semiconductor
device package according to the second embodi-
ment.
FIGS. 14 and 15 are exploded perspective views
showing embodiments of the lighting system includ-
ing the semiconductor device according to the em-
bodiment.

[Best Mode]

[Mode for Invention]

[0015] In the following description of the embodiment
of the present invention, when a layer (or film), a region,
a pattern, or a structure is referred to as being ’on/above’
or "under" substrate, each layer (or film), a region, a pad,
or patterns, it can be "directly" or "indirectly" on the other
substrate, layer (or film), region, pad, or pattern, or one
or more intervening layers may also be present. Such a
position of each element will be described with reference
to the drawings.
[0016] The thickness and size of each layer shown in
the drawings can be exaggerated, omitted or schemati-
cally drawn for the purpose of convenience or clarity. In
addition, the size of elements does not utterly reflect an
actual size.
[0017] The elements of embodiments to be described
below may be combined with each other. The configura-
tion of the semiconductor device according to the first
embodiment may be applied to the configuration of the
semiconductor device according to the second embodi-
ment. Conversely, the configuration of the semiconduc-
tor device according to the second embodiment may be
applied to the configuration of the semiconductor device
according to the first embodiment.
[0018] FIG. 1 is a cross-sectional view of a semicon-
ductor device according to a first embodiment. FIGS. 2
and 3 are a plan view and a perspective view showing
various shapes of the substrate according to the first em-
bodiment. Hereinafter, an ultraviolet light emitting device

employed as a semiconductor device will be described
according to the embodiment. Accordingly, in the follow-
ing description, the semiconductor device will be referred
to as "ultraviolet light emitting device" for the convenience
of explanation.
[0019] Referring to FIG. 1, according to the embodi-
ment, the light emitting device 100 may include a sub-
strate 105 including a concavo-convex pattern P, a buffer
layer 107 including a void 140 on the substrate 105, a
first conductive semiconductor layer 112 on the buffer
layer 107, an active layer 114 on the first conductive sem-
iconductor layer 112, a second conductive semiconduc-
tor layer 116 on the active layer 114, a first electrode 120
on the first conductive semiconductor layer 140, and a
second electrode 130 on the second conductive semi-
conductor layer 116.
[0020] The void 140 may include air. The void 140 may
be provided above the concavo-convex pattern P provid-
ed on the substrate 105. The void 140 may be provided
above the concave pattern of the concavo-convex pat-
tern P. The width of the void 140 may be equal to or less
than the half of the width of the concave pattern in the
concavo-convex pattern P, but the embodiment is not
limited thereto. In other words, the width of the void 140
may correspond to the width of the concave pattern.
[0021] The sectional surface of the void 140 may be a
polygonal shape which is at least one of a triangle, a
pentagon, and a hexagon, but the embodiment is not
limited thereto. The void 140 may include an inclined fac-
et having a specific slope, and the uppermost portion of
the inclined facet may be provided adjacent to the first
conductive semiconductor layer 112.
[0022] In other words, voids are provided above the
concavo-convex pattern and have uniform shapes and
sizes. The voids include inclined facets having specific
slops to block the threading dislocations, thereby improv-
ing the quality of the epitaxial growth of the light emitting
device. In addition, the voids induce light scattering,
thereby improving light extraction efficiency and improv-
ing the orientation angle.
[0023] The substrate 105 may be formed of a material
representing excellent thermal conductivity. The sub-
strate 105 may be a conductive substrate or an insulating
substrate. For example, the substrate 105 may include
at least one of sapphire (Al2O3), SiC, Si, GaAs, GaN,
ZnO, GaP, InP, Ge, and Ga2O3. A concavo-convex struc-
ture may be formed on the substrate 105, and the sec-
tional surface of the concavo-convex structure may be
in a circular shape, an oval shape, or a polygonal shape,
but the embodiment is not limited thereto.
[0024] The concave pattern of the concavo-convex
pattern in the substrate 105 has the width of 0.5 mm, the
width of iron may be 1.2 mm, the height of the concavo-
convex pattern may be 1.2 mm, and the height of the void
may be 3 mm, but the embodiment is not limited thereto.
[0025] As shown in FIG. 2, the substrate may have the
concavo-convex pattern P formed by forming a plurality
of circular concave patterns in the substrate. Alternative-
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ly, as shown in FIG. 3, the substrate may include the
concavo-convex pattern P formed in the form of a stripe
pattern extending in one direction.
[0026] In this case, the buffer layer 107 may be formed
on the substrate 105. The buffer layer 107 may be inter-
posed between the substrate 105 and the first conductive
semiconductor layer 112. The buffer layer 107 may re-
duce the lattice mismatch between the substrate 105 and
the material of the lighting emitting structure 110 to be
formed in the subsequence process. The material of the
buffer layer may include a group III-V compound semi-
conductor. In detail, the material of the buffer layer may
include at least one of GaN, InN, AlN, InGaN, AlGaN,
InAlGaN, and AlInN. In other words, the concavo-convex
pattern P in the substrate 105 may be provided in direct
contact with the buffer layer 107.
[0027] The first conductive semiconductor layer 112
may be provided on the buffer layer 107. The first con-
ductive semiconductor layer 112 may be interposed be-
tween the buffer layer 107 and the active layer 114. The
first conductive semiconductor layer 112 may be realized
with a group III-V compound semiconductor doped with
a first conductive dopant and has the composition formu-
la of InxAlyGa1-x-yN (0≤x≤1, 0≤y≤1, 0≤x+y≤1). The first
conductive semiconductor layer 112 may include a stack
structure of layers including at least one of compound
semiconductors such as GaN, InN, AlN, InGaN, AlGaN,
InAlGaN, AlInN, AlGaAs, GaP, GaAs, GaAsP, and Al-
GaInP. The first conductive semiconductor layer 112 is
an N type semiconductor, the first conductive dopant
serves as an N type dopant, such as Si, Ge, Sn, Se, or
Te. The electrode may be further provided on the first
conductive semiconductor layer 112.
[0028] The active layer 114 may be provided on the
first conductive semiconductor layer 112. The active lay-
er 114 may be interposed between the first conductive
semiconductor layer 112 and the second conductive
semiconductor layer 116. The active layer 114 emits light
due to the energy band gap difference according to ma-
terials constituting the active layer 114 through the com-
bination of electrons (or holes) injected through the first
conductive semiconductor layer 112 and holes (or elec-
trons) injected through the second conductive semicon-
ductor layer 116. The active layer 114 may have one of
a single quantum well (SQW) structure, a multi-quantum
well (MQW) structure, a quantum dot structure and a
quantum wire structure, but the embodiment is not limited
thereto.
[0029] The second conductive semiconductor layer
116 may be interposed between the active layer 114 and
the second electrode 130. The second conductive sem-
iconductor layer 116 may include a semiconductor ma-
terial having the composition formula of InxAlyGa1-x-yN
(0≤x≤1, 0≤y≤1, 0≤x+y≤1) doped with the second conduc-
tive dopants. The second conductive semiconductor lay-
er 116 may include one of compound semiconductors
such as GaN, InN, AlN, InGaN, AlGaN, InAlGaN, AlInN,
AlGaAs, GaP, GaAs, GaAsP, and AlGaInP. The second

conductive semiconductor layer 116 is a P type semicon-
ductor, and the second conductive dopant may serve as
a P type dopant, such as Mg, Zn, Ca, Sr, or Ba.
[0030] The second conductive semiconductor layer
116 may include a superlattice structure. The superlattice
structure may include an InGaN/GaN superlattice struc-
ture or an AlGaN/GaN superlattice structure. The super-
lattice structure of the second conductive semiconductor
layer 116 abnormally spreads a current by a voltage,
thereby protecting the active layer.
[0031] The first electrode 120 may be provided on the
first conductive semiconductor layer 112. The first elec-
trode 120 may include at least one selected from among
Cr, V, W, Ti, Zn, Ni, Cu, Al, Au, Mo, Ti/Au/Ti/Pt/Au,
Ni/Au/Ti/Pt/Au, and Cr/Al/Ni/Cu/Ni/Au.
[0032] The second electrode 130 may be provided on
the second conductive semiconductor layer 116 and con-
nected with an external power source to supply power to
the light emitting structure 110. The second electrode
130 may include at least one selected from among Cr,
V, W, Ti, Zn, Ni, Cu, Al, Au, Mo, Ti/Au/Ti/Pt/Au,
Ni/Au/Ti/Pt/Au, and Cr/Al/Ni/Cu/Ni/Au.
[0033] The ultraviolet light emitting device 100 may be
classified into UV-A having a wavelength in the range of
315 nm to 400 nm, UV-B having a wavelength in the
range of 280 nm to 315 nm, UV-C having a wavelength
in the range of 100 nm to 280 nm. According to the em-
bodiment of the present invention, the ultraviolet light
emitting device 100 may emit the wavelength of the UV-
C in the range of 100 nm to 280 nm, but the embodiment
is not limited thereto.
[0034] FIG. 4 is a partially enlarged view of a semicon-
ductor device according to an embodiment.
[0035] Referring to FIGS. 1 and 4, the void 140 may
be provided in the buffer layer 107 and above the concave
pattern in the concavo-convex pattern P provided in the
upper portion of the substrate 105.
[0036] The width "W" of the void 140 may be equal to
or less than the half of the width "a" of the concave pattern
in the concavo-convex pattern P, but the embodiment is
not limited thereto. The width "w" of the void 140 may be
equal to or less than 0.25 mm and the height of the void
140 may be 3 mm. The width "a" of the concave pattern
may be 0.5 mm and the width d of the convex pattern
may be 1.2 mm. The height of the concavo-convex pattern
P may be 1.2 mm, but the embodiment is not limited there-
to. In other words, the width d of the convex pattern may
be two times wider than the width "a" of the concave
pattern.
[0037] In other words, voids are provided above the
concavo-convex pattern and have uniform shapes and
sizes. The voids include inclined facets having specific
slops to block the threading dislocations, thereby improv-
ing the quality of epitaxial growth of the light emitting de-
vice. The voids may induce light scattering, thereby im-
proving light extraction efficiency and improving the ori-
entation angle.
[0038] The void 140 may be formed to have at least
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two inclined facets. Although the structure having the two
facets is shown in the drawing, the void 140 may have
four inclined facets when the void 140 is in the shape of
a quadrangular pyramid. Accordingly, the void 140 may
have at least three inclined facets depending on a poly-
hedral structure.
[0039] FIG. 5 is an SEM sectional view of the semicon-
ductor device according to the first embodiment.
[0040] Referring to FIG. 5, the void 140 may be pro-
vided in the buffer layer 107 and above the concave pat-
tern in the concavo-convex pattern P provided in the up-
per portion of the substrate 105. According to the em-
bodiment, the void 140 may include air, and the sectional
surface of the void 140 may be a polygonal shape which
is at least one of a triangle, a pentagon, and a hexagon,
but the embodiment is not limited thereto.
[0041] The void 140 may include an inclined facet hav-
ing a specific slope, and the uppermost portion of the
facet may be provided adjacent to the first conductive
semiconductor layer 112.
[0042] The void 140 may have various shapes and siz-
es depending on the growth conditions, and are charac-
terized in that the void having the uniform shape and size
is provided above the concave part of the concavo-con-
vex pattern P in the substrate 105.
[0043] In other words, voids having uniform shapes
and sizes are provided above the concavo-convex pat-
tern. The voids include inclined facets having specific
slops to block the threading dislocations, thereby improv-
ing the quality of epitaxial growth of the light emitting de-
vice. The voids may induce light scattering, thereby im-
proving light extraction efficiency and improving the ori-
entation angle.
[0044] FIGS. 6 and 7 are partial enlarged views of the
semiconductor device according to another embodiment.
[0045] Referring to FIGS. 6 and 7, FIG. 6 shows the
light extraction pattern when the height of the void 140
is 1.2 mm, and FIG. 7 is a view showing the light extraction
pattern when the height of the void 140 is 3 mm.
[0046] FIG. 6A and FIG. 7A show the case that light is
incident to the void 140 horizontally from the active layer,
and the scattering of the light may be more improved in
the embodiment of FIG. 5 that the height of the void 140
is 3 mm, as compared to the embodiment of FIG. 4 that
the height of the void 140 is 1.2 mm.
[0047] FIG. 6B and FIG. 7B show the case that light is
incident to the void 140 obliquely from the active layer,
and the light may be more vertically concentrated and
emitted in the embodiment of FIG. 5 that the height of
the void 140 is 3 mm, as compared to the embodiment
of FIG. 4 that the height of the void 140 is 1.2 mm.
[0048] FIG. 6C and FIG. 7C show the case that light
is incident to the void 140 vertically from the active layer,
and the light may be more vertically concentrated and
emitted in the embodiment of FIG. 5 that the height of
the void 140 is 3 mm, as compared to the embodiment
of FIG. 4 that the height of the void 140 is 1.2 mm.
[0049] In other words, as the height of the void 140 is

increased, the light may be more vertically concentrated
and emitted. The vertical concentration of the light may
be adjusted by adjusting the height of the void 140, there-
by solving the conventional problem that light is not ver-
tically concentrated in the ultraviolet light emitting device.
[0050] FIG. 8 is a view showing the orientation angle
of the semiconductor device according to the embodi-
ment.
[0051] Referring to FIG. 8, FIG. 8A is a view showing
the orientation angle of the ultraviolet light emitting device
according to the embodiment, and FIG. 8B is a view
showing the orientation angle of the ultraviolet light emit-
ting device having neither concavo-convex pattern nor
void.
[0052] In the case of a light emitting device according
to the embodiment as illustrated in FIG. 8, light may be
concentrated at an angle of 0°, that is, in a vertical direc-
tion to more improve the light efficiency, as compared to
the ultraviolet light emitting device having neither conca-
vo-convex pattern nor void as illustrated in FIG. 8B. For
example, the concentration of the light emitting element
according to the embodiment of FIG. 8 (a) is 89.3% and
the concentration of the ultraviolet light emitting element
of FIG. 8 (b) is 68.4%. Accordingly, it can be recognized
that the concentration of the light emitting element ac-
cording to the embodiment of FIG. 8 (a) is more improved
by 20.9%.
[0053] FIG. 9 is a cross-sectional view of a semicon-
ductor device according to the second embodiment, FIG.
10 is a plan view of the semiconductor device shown in
FIG. 9, and FIG. 11 is a partial enlarged view of a sem-
iconductor device according to the second embodiment.
FIG. 12 is an SEM sectional view of the semiconductor
device according to the second embodiment.
[0054] Referring to FIG. 9, the ultraviolet light emitting
device 200 according to the second embodiment in-
cludes a substrate 210, a buffer layer 211, a light emitting
structure 220, first and second contact layers (or elec-
trodes) 234 and 232, first and second spread layers 244
and 242, a first bump 254, a second bump 252, first and
second metal pads 264 and 262, first and second insu-
lating layers 274 and 272, and a sub-mount 280.
[0055] The light emitting structure 220 is provided un-
der the substrate 210. In other words, the light emitting
structure 220 may be provided between the substrate
210 and the sub-mount 280. The light emitting structure
220 may include a first conductive semiconductor layer
226, a second conductive semiconductor layer 222, and
an active layer 224 between the first conductive semi-
conductor layer 226 and the second conductive semi-
conductor layer 222.
[0056] In order to improve the difference in coefficient
of thermal expansion (CTE) between the substrate 210
and the light emitting structure 220 and the lattice mis-
match between the substrate 210 and the light emitting
structure 220, a buffer layer 211 may be interposed be-
tween the substrate 110 and the light emitting structure
220. The buffer layer 211 may be interposed between
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the substrate 210 and the first conductive semiconductor
layer 226. A void 212 may be formed in the buffer layer
211.
[0057] As illustrated in FIG. 11, the void 212 may in-
clude a first region 212a adjacent the first conductive
semiconductor layer 112 and a second region 212b ad-
jacent to the substrate 210.
[0058] The first region 212a includes a region including
at least two inclined facets 212a-1 and 212a-2. For ex-
ample, the first region 212a may have a triangular sec-
tional surface. When the first region 212a is in the shape
of a triangular pyramid, three inclined facets may be
formed. When the first region 212a is in the shape of a
square pyramid, four inclined facets may be formed. In
other words, the first region 212a may be referred to as
a region having at least two inclined facets due to the
shape of a polygonal pyramid.
[0059] The second region 212b may have no inclined
facet. The second region 212b may be a region adjacent
to the substrate 210. For example, the first region 212a
may have a rectangular sectional surface.
[0060] The void 212 may be provided at a first distance
h1 from the substrate 210. For example, the first distance
h1 between the top surface of the second region 212b
of the void 212 and the bottom surface of the substrate
210 may be in the range of 200 nm and 300 nm. When
the first distance h1 is less than 200 nm, the void 212
becomes excessively closer to the substrate 210 and
then crystallinity may be lowered when the buffer layer
211 is formed. The light extraction efficiency and the ori-
entation angle characteristics of the semiconductor de-
vice may be deteriorated since the distance h1 is too
shorter to widely diffuse the light scattered in the void 212.
[0061] When the first distance h1 exceeds 300 nm,
since the buffer layer 211 has to be formed with a thicker
thickness, the stress applied to the upper portion of the
buffer layer 211 is increased to change the wavelength
of the active layer, thereby degrading the light emission
efficiency (WPE) of the semiconductor device.
[0062] The second distance h2 from one surface of the
substrate 210 to the end of the first region 212a of the
void 212 may be in the range of 500 nm to 1200 nm. The
height C1 of the void 212 may be in the range of 500 nm
to 900 nm. When the height C1 of the void 212 is less
than 500 nm, since the first conductive semiconductor
layer 226 is merged significantly sharply into the facet of
the first region 212a of the void 212 in the horizontal di-
rection, the crystallinity of the light emitting structure 220
may be degraded. When the height C1 of the void 212
is greater than 900 nm, the stress applied to the light
emitting structure 220 is increased due to the buffer layer
211, which is excessively thick, to change the wavelength
of the light emitted from the active layer 224, thereby
degrading the light emission efficiency of the semicon-
ductor device.
[0063] Since the light emitting device according to the
second embodiment has a flip chip bonding structure of
extracting light in a substrate direction, the distance be-

tween the substrate and the void and the size of the void
may be different from the void formed in the light emitting
device according to the first embodiment. In other words,
in the case of the light emitting device according to the
second embodiment, when the distance between the bot-
tom surface of the substrate and the top surface of the
void is in the range of 200 nm to 300 nm, the light emitting
device having the flip chip bonding structure represents
the most effective light extraction efficiency.
[0064] In other words, in the case of the light emitting
device having the flip chip bonding structure, light emitted
from the active layer is output toward the substrate while
being reflected by the reflective layer under the active
layer to be output toward the substrate. Accordingly, the
light reflected toward the substrate may represent im-
proved light extraction efficiency due to the difference in
refractive index between the void and the substrate and
the scattering of the light on the interfacial surface of the
void.
[0065] The voids 212 may be formed in different sizes.
The voids 212 may have different heights and widths
within 630% of the sectional area on the same line. The
sectional area on the same line may include not only the
sectional area of the central region of the void 212, but
also the sectional area set for measurement.
[0066] As shown in FIG. 12, regarding the actual shape
of the void 212, it may be recognized that the void 212
has various shapes having two or more facets, and that
the sizes thereof are formed to be different from each
other.
[0067] As described above, it may be recognized that
the voids 212 are spaced apart from the substrate by a
distance in the range of 200 nm to 300 nm and are ar-
ranged in various shapes with sizes within 630% of the
sectional area on the same line.
[0068] Referring back to FIG. 9, the light emitting struc-
ture 220 may include a first conductive semiconductor
layer 226, an active layer 224, and a second conductive
semiconductor layer 222. The first conductive semicon-
ductor layer 226 may be interposed between the buffer
layer 211 and the active layer 224. The active layer 224
may be interposed between the first conductive semicon-
ductor layer 226 and the second conductive semicon-
ductor layer 222. When the first conductive semiconduc-
tor layer 226 is in an N type, the second conductive sem-
iconductor layer 222 may be in a P type. Conversely,
when the first conductive semiconductor layer 226 is P
type, the second conductive semiconductor layer 222
may be N type.
[0069] Since the light emitting device according to the
second embodiment has a flip chip bonding structure,
light emitted from the active layer 224 is transmitted
through the first contact layer 234, the first conductive
semiconductor layer 226, and the substrate 110. To this
end, the first contact layer 234, the first conductive sem-
iconductor layer 226, and the substrate 210 may be
formed of a material having a light transmittance proper-
ty. In this case, the second conductive semiconductor
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layer 222 and the second contact layer 232 may be
formed of a material having a light transmittance property
or an opaque property, but the embodiments may not be
limited to specific materials.
[0070] The sub-mount 280 may be provided while fac-
ing the substrate 210. The sub-mount 280 may be pro-
vided under the substrate 210. The sub-mount 280 may
be formed of a semiconductor substrate such as AlN,
BN, SiC, GaN, GaAs, or Si, but the embodiment is not
limited thereto. For example, the sub-mount 280 may in-
clude a semiconductor material having excellent thermal
conductivity. In addition, a device for preventing electro-
static discharge (ESD) may be included in the form of a
zener diode in the sub-mount 280.
[0071] The first and second metal pads 264 and 262
are provided on the sub-mount 280 and may be electri-
cally isolated from each other. Each of the first and sec-
ond metal pads 264 and 262 may be formed of metal
materials having electrical conductivity.
[0072] The first and second insulating layers 274 and
272 are interposed between the first and second metal
pads 264 and 262 and the sub-mount 280, respectively.
The first and second insulating layers 274 and 272 may
be provided on another side of the active layer adjacent
to the void. When the sub-mount 280 is formed of a ma-
terial, such as Si, having electrical conductivity, the first
and second insulating layers 274 and 272 may be pro-
vided to electrically isolate the first and second metal
pads 264 and 262 from the sub-mount 280. In this case,
the first and second insulating layers 274 and 272 may
include materials having electrical insulation properties.
[0073] In addition, the first and second insulating layers
274 and 272 may be formed of materials having not only
the electrical insulation properties but also optical reflec-
tion characteristics. Therefore, the first and second insu-
lating layers 274 and 272 may be reflective layers. For
example, each of the first and second insulating layers
274 and 272 may include distributed bragg reflectors
(DBR). In this case, the DBR may perform an insulting
function or a reflection function. The DBR may be a struc-
ture formed by alternately stacking first and second lay-
ers having mutually different refractive indexes at least
one time. Each DBR may include an electrical insulation
material. For example, the first layer may be a first die-
lectric layer, such as TiO2, and the second layer may
include a second dielectric layer, such as SiO2. In other
words, the DBR may be a structure formed by stacking
a TiO2/SiO2 layer at least one time. The thickness of
each of the first and second dielectric layers is λ/4, and
λ may be a wavelength of light emitted from a light emit-
ting cell.
[0074] In addition, each of the first and second insulat-
ing layers 274 and 272 may include at least one of SiO2,
TiO2, ZrO2, Si3N4, Al2O3, or MgF2, but the embodiment
is not limited thereto.
[0075] At least one bump may be interposed between
the light emitting structure 220 and the sub-mount 280.
In other words, first and second bumps 254 and 252 may

be interposed between the light emitting structure 220
and the sub-mount 280.
[0076] The first bump 254 may be interposed between
the first metal pad 264 and a first spread layer 244. The
number of the first bumps 254 may be one or the plural.
[0077] The second bump 252 may be interposed be-
tween the second metal pad 262 and the second spread
layer 242.
[0078] At least one or more contact layers may be in-
terposed between the at least one bump and the light
emitting structure 220. For example, first and second
contact layers 234 and 232 may be interposed between
the light emitting structure 220 and the first and second
bumps 254 and 252, respectively.
[0079] The second contact layer 232 may be inter-
posed between the second bump 252 and the light emit-
ting structure 220 via the second spread layer 242. The
second contact layer 232 may be interposed between
the second spread layer 242 and the second conductive
semiconductor layer 222. The second contact layer 232
may electrically connect the second spread layer 242
with the second conductive semiconductor layer 222. To
this end, as illustrated in drawings, the second contact
layer 232 may be in contact with the second conductive
semiconductor layer 222.
[0080] The first contact layer 234 may be provided un-
der the first conductive semiconductor layer 226 exposed
by mesa etching and may be interposed between the first
bump 254 and the first conductive semiconductor layer
226 of the light emitting structure 320 via the first spread
layer 244. The first contact layer 234 may electrically con-
nect the first spread layer 244 with the first conductive
semiconductor layer 226. The first contact layer 234 may
function as an ohmic contact with the ohmic contact ma-
terial and may be electrically connected with the first con-
ductive semiconductor layer 226. A separate ohmic layer
may be over or under the first contact layer 234.
[0081] FIG. 10 is a plan view of the light emitting device
200 of FIG. 9 when viewed from the sub-mount 280 to-
ward the light emitting structure 220. The first and second
spread layers 244 and 242, the first and second bumps
254 and 252, the first and second metal pads 264 and
262, the first and second insulating layers 274 and 272,
and the sub-mount 280, which are shown in FIG. 9, are
omitted in FIG. 10.
[0082] As shown in FIG. 10, the second contact layer
232 may have a structure in which a plurality of electrode
patterns having specific shapes without vertexes are con-
nected with each other. For example, the second contact
layer 232 may have the structure in which the specific
number of electrode patterns provided in a specific shape
form a triangular structure. The electrode patterns have
no vertex to improve the reliability of the device by pre-
venting the concentration of an electric field (E-field)
which may be generated at the vertex.
[0083] In addition, when the electrode patterns are in-
creased, the area which may be in contact with the bump
has to be considered. Accordingly, the use of the elec-
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trode patterns in specific number or more is not preferred.
Therefore, the number of electrode patterns may be ap-
propriately designed depending on the area of the device
and the area of the bumps.
[0084] The area of the second contact layer 232 may
occupy 30% to 50% of the total device area. The elec-
trode pattern may be formed to have 25% to 35% of the
area of the second contact layer 232. When the area of
the second contact layer 232 is excessively narrow, the
current injection efficiency is lowered and the electrical
characteristics are lowered. On the other hand, when the
area of the second contact layer 232 is excessively wide,
the area in which the first contact layer 234 is arranged
is reduced and thus the electrical and optical character-
istics may be deteriorated.
[0085] The area of the first contact layer 234 may oc-
cupy 40% to 60% of the total device area. When the area
of the first contact layer 234 is excessively narrow, the
current injection efficiency may be lowered and thus the
electrical and optical characteristics may be deteriorated.
On the other hand, when the area of the first contact layer
234 is excessively wide, the area of the active layer 224
to be removed may be increased and thus the optical
characteristics may be deteriorated.
[0086] The area of the second contact layer 232 may
be formed to be smaller than the area of the first contact
layer 234 and the ratio between the area of the second
contact layer 232 and the area of the first contact layer
234 may be 1: 1.3 to 1: 2. In other words, when the ratio
between the area of the second contact layer 232 and
the area of the first contact layer 234 are less than 1: 1.3
or more than 1: 2, the electrical characteristics and optical
characteristics may be deteriorated.
[0087] The first and second contact layers 234 and 232
may be formed of any material that may be excellently
grown on the first and second conductive semiconductor
layers 226 and 222. For example, each of the first and
second contact layers 232 and 234 may be formed of
metal, and may be formed of Ag, Ni, Al, Rh, Pd, Ir, Ru,
Mg, Zn, Pt, Au, Hf, or the combination of elements se-
lected from Ag, Ni, Al, Rh, Pd, Ir, Ru, Mg, Zn, Pt, Au, and
Hf
[0088] In particular, the second contact layer 232 may
include a reflective material. For example, the second
contact layer 232 may include a transparent electrode
(not shown) and a reflective layer (not shown). The re-
flective layer may be made of a reflective material such
as silver (Ag) .
[0089] The second contact layer 232 may have an
ohmic characteristic and may include a material that
makes an ohmic contact with the second conductive
semiconductor layer 222. When the second contact layer
232 performs an ohmic function, a separate ohmic layer
(not shown) may not be formed.
[0090] At least one spread layer may be interposed
between at least one contact layer and at least one bump.
[0091] The second spread layer 242 may be inter-
posed between the second contact layer 232 and the

second bump 252. The first spread layer 244 may be
interposed between the first contact layer 234 and the
first bump 254. The first and second spread layers 244
and 242 may prevent the increase of the resistance of
the light emitting structure 220 because the electrical
characteristic of the light emitting structure 220 may be
deteriorated as the resistance of the light emitting struc-
ture 220 is increased due to the heat emitted from the
light emitting structure 220. To this end, the first and sec-
ond spread layers 244 and 242 may be formed of a ma-
terial having excellent electrical conductivity.
[0092] A protective layer 290 may be formed on a re-
gion without the second spread layer 242 and the first
spread layer 244 to cover the top of the light emitting
structure 220. The protective layer 290 may be formed
to expose only a portion of the second spread layer 242.
The protective layer 290 may include an insulating layer
[0093] FIG. 13 is a sectional view of a semiconductor
device package according to the second embodiment.
[0094] Referring to FIG. 13, a light emitting device
package 300 includes a light emitting device 200, a pack-
age body 310, first and second lead frames 322 and 324,
a third insulating layer 330, and first and second wires
352 and 354, respectively. The light emitting device 200
may correspond to the light emitting device 200 shown
in FIGS. 9 to 12.
[0095] The package body 310 shown in FIG. 13 may
form a cavity 340. The cavity 340 may include air. For
example, the package body 310 may form the cavity 340
together with the first and second lead frames 322 and
324. In other words, the cavity 340 may be defined by
side surfaces 312 of the package body 310 and top sur-
faces of the first and second lead frames 322 and 324,
respectively. However, the embodiment is not limited
thereto.
[0096] According to another embodiment, the cavity
340 may be formed by only the package body 310, unlike
the structure shown in FIG 13. Alternatively, a barrier wall
(not shown) may be provided on the package body 310
having a flat top surface, and a cavity may be defined by
the barrier wall and the top surface of the package body
310. The package body 310 may be implemented with
an epoxy molding compound (EMC) or the like, but the
embodiment is not limited to the material of the package
body 310. The light emitting device 100A may be provid-
ed inside the cavity 340.
[0097] A cover 311 formed of a glass material is pro-
vided on the package body 310 to cover the cavity 340,
thereby ensuring a space for the cavity 340.
[0098] The first and second lead frames 322 and 324
may be spaced apart from each other in the horizontal
direction. Each of the first and second lead frames 322
and 324 may be formed of a conductive material, for ex-
ample, metal, and the embodiment is not limited to the
type of material of each of the first and second lead
frames 322 and 324. A third insulating layer 330 may be
interposed between the first and second lead frames 322
and 324 to electrically isolate the first and second lead
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frames 322 and 324 from each other.
[0099] When the package body 310 is formed of the
conductive material, for example, metal, the first and sec-
ond lead frames 322 and 324 may be portions of the
package body 310. In this case, the package body 310
forming the first and second lead frames 322 and 324
can be electrically separated from each other by the third
insulating layer 330.
[0100] The first and second metal pads 272 and 274
connected with the first and second conductive semicon-
ductor layers 226 and 222 through the first and second
bumps 252A and 254 may be electrically connected with
the first and second lead frames 322 and 324 through
wires 352 and 354, respectively.
[0101] According to the embodiment, a plurality of light
emitting device packages may be arrayed and a light
guide plate, a prism sheet, or a diffusion sheet may be
arranged on an optical path of the light emitting device
package. The light emitting device package, the sub-
strate, or the optical member may function as a lighting
system or a vehicle lamp.
[0102] FIGS. 14 and 15 are exploded perspective
views showing examples of a lighting system including
a semiconductor device according to the embodiment.
[0103] As shown in FIG. 14, the lighting system ac-
cording to the embodiment may include a cover 2100, a
light source module 2200, a heat radiator 2400, a power
supply unit 2600, an inner case 2700, and a socket 2800.
The lighting system according to the embodiment may
further include at least one of a member 2300 and a hold-
er 2500. The light source module 2200 may include the
light emitting device 100 or the light emitting device pack-
age 200 according to the embodiment.
[0104] As shown in FIG. 15, the lighting device accord-
ing to the embodiment may include a cover 3100, a light
source unit 3200, a heat radiator 3300, a circuit part 3400,
an inner case 3500, and a socket 3600. The light source
unit 3200 may include the light emitting device or the light
emitting device package according to the embodiment.

[Industrial Applicability]

[0105] The embodiment may be applicable to a flat
panel lighting device.
[0106] The embodiment may be applicable to a flat
panel lighting device having a light emitting device.
[0107] The embodiment may be applicable to a vehicle
lamp having a light emitting device.

Claims

1. A semiconductor device comprising:

a substrate;
a buffer layer provided on the substrate;
a light emitting structure provided on the buffer
layer and including a first conductive semicon-

ductor layer, a second conductive semiconduc-
tor layer, and an active layer interposed between
the first conductive semiconductor layer and the
second conductive semiconductor layer to emit
ultraviolet light; and
a plurality of air voids provided in the buffer layer,
wherein the air void has at least two inclined
facets.

2. The semiconductor device of claim 1, further com-
prising:
a reflective layer at an opposite side of the active
layer provided in opposition to the void.

3. The ultraviolet semiconductor device of claim 2,
wherein the buffer layer includes a first region adja-
cent to the first conductive semiconductor layer and
a second region adjacent to the substrate, and
wherein at least two inclined facets are provided in
the first region.

4. The ultraviolet semiconductor device of claim 3,
wherein a distance between the substrate and the
void ranges from 200 nm to 300 nm.

5. The semiconductor device of claim 4, wherein a dis-
tance between the substrate and an end portion of
a first region of the void ranges from 800 nm to 900
nm.

6. The semiconductor device of claim 1, wherein the
substrate includes a concavo-convex pattern, the
void is positioned above a concave pattern of the
concavo-convex pattern in the substrate, and
wherein a width of the void corresponds to a width
of the concave pattern.

7. The ultrasonic light emitting device of claim 6, where-
in the width of the void is equal to or less than a half
of the width of the concave pattern of the concavo-
convex pattern in the substrate.

8. The semiconductor device of claim 6, wherein an
uppermost portion of the inclined facet is positioned
adjacent to the first conductive semiconductor layer.

9. The semiconductor device of claim 6, wherein the
concave pattern of the concavo-convex pattern has
the width of 0.5 mm and a convex pattern of the con-
cavo-convex pattern has a width of 1.2 mm.

10. The semiconductor device of claim 6, wherein the
concavo-convex pattern has a height of 1.2 mm, and
wherein the void has a height of 3 mm.

11. A semiconductor device comprising:

a substrate;
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a buffer layer provided at one side of the sub-
strate;
a void provided in the buffer layer and having at
least two inclined facets;
a light emitting structure provided at one side of
the buffer layer and including a first conductive
semiconductor layer, an active layer, and a sec-
ond conductive semiconductor layer;
a sub-mount provided in opposition to the sub-
strate;
at least one bump interposed between the light
emitting structure and the sub-mount;
at least one contact layer interposed between
the at least one bump and the light emitting struc-
ture; and
at least one spread layer interposed between
the at least one contact layer and the at least
one bump.

12. The semiconductor device of claim 11, wherein the
buffer layer includes a first region adjacent to the first
conductive semiconductor layer and a second region
adjacent to the substrate, and
wherein at least two inclined facets are provided in
the first region.

13. The semiconductor device of claim 12, wherein the
first region has a triangular sectional surface.

14. The semiconductor device of claim 11, wherein a
distance between the substrate and the void ranges
from 200 nm to 300 nm.

15. The semiconductor device of claim 12, wherein a
distance between the substrate and an end portion
of a first region of the void ranges from 800 nm to
900 nm.

16. The semiconductor device of claim 11, wherein voids
are formed in dimensions of different heights and
widths and the dimensions are within 630% of a
whole area

17. A semiconductor device package including the sem-
iconductor device according to one of claims 1 to 16.

18. A lighting system including the semiconductor de-
vice according to one of claims 1 to 16.
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