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(54) LIGHT-EMITTING DEVICE AND LIGHT-EMITTING DEVICE PACKAGE COMPRISING SAME

(57) An embodiment relates to a light-emitting device
comprising: a light-emitting structure which comprises a
first conductive semiconductor layer, a second conduc-
tive semiconductor layer, and an active layer disposed
between the first conductive semiconductor layer and the
second conductive semiconductor layer, and comprises
a plurality of first recesses passing through the second
conductive semiconductor layer and active layer and dis-
posed on a part of an area of the first conductive semi-
conductor layer; a first electrode which is electrically con-
nected to the first conductive semiconductor layer inside
the plurality of first recesses; a conductive support sub-
strate which is electrically connected to the first electrode;
a second electrode which is electrically connected to the
second conductive semiconductor layer; and an insulat-
ing layer which is disposed between the conductive sup-
port substrate and second conductive semiconductor
layer, wherein a second recess passes through the first
conductive semiconductor layer, second conductive
semiconductor layer and active layer and is disposed on
a part of an area of the insulating layer.
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Description

[Technical Field]

[0001] Embodiments relate to a light-emitting device.

[Background Art]

[0002] Group III-V compound semiconductors such as
GaN and AlGaN are widely used for optoelectronics,
electronic devices and the like, owing to many advantag-
es such as, for example, a wide and easily adjustable
band gap energy.
[0003] In particular, light-emitting devices such as
light-emitting diodes or laser diodes using group III-V or
II-VI compound semiconductors may realize various
colors of light such as, for example, red, green, and blue
light, as well as ultraviolet light, via the development of
device materials and thin-film growth technique, and may
also realize white light having high luminous efficacy via
the use of a fluorescent material or by combining colors.
These light-emitting devices have advantages of low
power consumption, a semi-permanent lifespan, fast re-
sponse speed, good safety, and eco-friendly properties
compared to existing light sources such as, for example,
fluorescent lamps and incandescent lamps.
[0004] Accordingly, the application of light-emitting de-
vices has been expanded to a transmission module of
an optical communication apparatus, a light-emitting di-
ode backlight, which may substitute for a cold cathode
fluorescent lamp (CCFL) constituting a backlight of a liq-
uid crystal display (LCD) apparatus, a white light-emitting
diode lighting apparatus, which may substitute for a flu-
orescent lamp or an incandescent bulb, a vehicle head-
light, and a signal lamp.
[0005] A light-emitting device is provided with a light-
emitting structure, which includes a first conductive sem-
iconductor layer, an active layer, and a second conduc-
tive semiconductor layer, and a first electrode and a sec-
ond electrode are respectively disposed on the first con-
ductive semiconductor layer and the second conductive
semiconductor layer. The light-emitting device emits light
having energy determined by the inherent energy band
of a constituent material of the active layer in which elec-
trons injected through the first conductive semiconductor
layer and holes injected through the second conductive
semiconductor layer meet each other. The light emitted
from the active layer may be changed depending on the
composition of the constituent material of the active layer,
and may be blue light, ultraviolet (UV) light, deep-UV light,
or the like.
[0006] FIG. 1 is a view illustrating a light-emitting de-
vice of the related art.
[0007] The light-emitting device of a vertical type illus-
trated in FIG. 1, a light-emitting structure 120, which in-
cludes a first conductive semiconductor layer 122, an
active layer 124, and a second conductive semiconductor
layer 126, is disposed on a second electrode 136, and a

first electrode 132 is disposed on the first conductive
semiconductor layer 122.
[0008] In the light-emitting device of the related art, in
which the active layer 124 emits light, the light emitted
from the active layer 124 may be absorbed by the first
electrode 132, which may deteriorate the efficiency of
extraction of light.

[Technical Object]

[0009] Embodiments provide a light-emitting device
having enhanced light extraction efficiency.

[Technical Solution]

[0010] In order to overcome the problem described
above, one embodiment provides a light-emitting device
including a light-emitting structure including a first con-
ductive semiconductor layer, a second conductive sem-
iconductor layer, and an active layer disposed between
the first conductive semiconductor layer and the second
conductive semiconductor layer, and further including a
plurality of first recesses configured to penetrate the sec-
ond conductive semiconductor layer and the active layer
and be located in a portion of the first conductive semi-
conductor layer, a first electrode electrically connected
to the first conductive semiconductor layer inside each
of the plurality of first recesses, a conductive support sub-
strate electrically connected to the first electrode, a sec-
ond electrode electrically connected to the second con-
ductive semiconductor layer, and an insulating layer dis-
posed between the conductive support substrate and the
second conductive semiconductor layer, wherein a sec-
ond recess penetrates the first conductive semiconduc-
tor layer, the second conductive semiconductor layer,
and the active layer and is located in a portion of the
insulating layer.
[0011] In addition, the insulating layer may be disposed
so as to extend around the first recesses.
[0012] In addition, the second recess may include a
light-extractor lower-surface portion configured to form a
lower surface of the second recess, a first light-extractor
side-surface portion configured to form one side surface
of the second recess, and a second light-extractor side-
surface portion configured to form a remaining side sur-
face of the second recess.
[0013] In addition, the light-extractor lower-surface
portion may be the insulating layer.
[0014] In addition, the light-extractor lower-surface
portion may be disposed to have a first width for extract-
ing light generated in the active layer.
[0015] In addition, the first width may be equal to or
greater than 3 mm.
[0016] In addition, the first light-extractor side-surface
portion may be disposed to have a first angle with the
insulating layer for preventing light generated in the ac-
tive layer from being again absorbed into the second light-
extractor side-surface portion.
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[0017] In addition, the first angle may be equal to or
less than 80 degrees.
[0018] In addition, a third width of a surface of each
first recess may be smaller than a second width of an
area in which the first recess is in contact with the first
electrode.
[0019] In addition, the light-emitting structure may emit
light within a UV-B or UV-C wavelength range.
[0020] In addition, in the first conductive semiconduc-
tor layer or the second conductive semiconductor layer,
a composition rate of aluminum (Al) may be equal to or
greater than 40%.
[0021] Another embodiment provides a light-emitting
device including a light-emitting structure including a first
conductive semiconductor layer, a second conductive
semiconductor layer, and an active layer disposed be-
tween the first conductive semiconductor layer and the
second conductive semiconductor layer, and further in-
cluding a plurality of first recesses configured to pene-
trate the second conductive semiconductor layer and the
active layer and be located in a portion of the first con-
ductive semiconductor layer, a first electrode electrically
connected to the first conductive semiconductor layer in-
side each of the plurality of first recesses, a conductive
support substrate electrically connected to the first elec-
trode, a second electrode electrically connected to the
second conductive semiconductor layer, and an insulat-
ing layer disposed between the conductive support sub-
strate and the second conductive semiconductor layer,
wherein a second recess penetrates the first conductive
semiconductor layer, the second conductive semicon-
ductor layer, and the active layer and is located in a por-
tion of the insulating layer, wherein the second recess
includes a light-extractor lower-surface portion config-
ured to form a lower surface of the second recess, a first
light-extractor side-surface portion configured to form
one side surface of the second recess, and a second
light-extractor side-surface portion configured to form a
remaining side surface of the second recess, wherein
the light-extractor lower-surface portion has a first width
for extracting light generated in the active layer, and the
first width is equal to or greater than 3 mm, and wherein
a third width of a surface of each first recess is smaller
than a second width of an area in which the first recess
is in contact with the first electrode.
[0022] A further embodiment provides a light-emitting
device package including a conductive substrate provid-
ed with a cavity, and a light-emitting device disposed so
that at least a portion thereof is inserted into the cavity
in the conductive substrate, wherein the light-emitting de-
vice includes a light-emitting structure including a first
conductive semiconductor layer, a second conductive
semiconductor layer, and an active layer disposed be-
tween the first conductive semiconductor layer and the
second conductive semiconductor layer, and further in-
cluding a plurality of first recesses configured to pene-
trate the second conductive semiconductor layer and the
active layer and be located in a portion of the first con-

ductive semiconductor layer, a first electrode electrically
connected to the first conductive semiconductor layer in-
side each of the plurality of first recesses, a conductive
support substrate electrically connected to the first elec-
trode, a second electrode electrically connected to the
second conductive semiconductor layer, and an insulat-
ing layer disposed between the conductive support sub-
strate and the second conductive semiconductor layer,
wherein a second recess penetrates the first conductive
semiconductor layer, the second conductive semicon-
ductor layer, and the active layer and is located in a por-
tion of the insulating layer.
[0023] In addition, the second recess may include a
light-extractor lower-surface portion configured to form a
lower surface of a light extractor, a first light-extractor
side-surface portion configured to form one side surface
of the light extractor, and a second light-extractor side-
surface portion configured to form a remaining side sur-
face of the light extractor.
[0024] In addition, the light-extractor lower-surface
portion may be the insulating layer.
[0025] In addition, the light-extractor lower-surface
portion may be disposed to have a first width for extract-
ing light generated in the active layer.
[0026] In addition, the first width may be equal to or
greater than 3 mm.
[0027] In addition, the first light-extractor side-surface
portion may be disposed to have a first angle with the
insulating layer for preventing light generated in the ac-
tive layer from being again absorbed into the second light-
extractor side-surface portion.
[0028] In addition, the first angle may be equal to or
less than 80 degrees.
[0029] In addition, in the first conductive semiconduc-
tor layer or the second conductive semiconductor layer,
a composition rate of aluminum (Al) may be equal to or
greater than 40%.

[Advantageous Effects]

[0030] Light-emitting devices according to the present
embodiments include a light exit structure disposed on
a first conductive semiconductor layer, thereby being ca-
pable of increasing the efficiency of extraction of light
generated in an active layer, and consequently having
enhanced light extraction efficiency.

[Description of Drawings]

[0031]

FIG. 1 is a view illustrating a light-emitting device of
the related art,
FIG. 2 is a view illustrating one embodiment of a
light-emitting device,
FIG. 3 is a view illustrating another embodiment of
a light-emitting device,
FIG. 4 is a view illustrating a light-emitting structure
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of FIG. 3 in detail,
FIGs. 5a to 5d are views illustrating various embod-
iments of the light-emitting structure of FIG. 4,
FIGs. 6a and 6b are top views of the light-emitting
devices of FIGs. 2 and 3, and
FIG. 7 is a view illustrating an embodiment of a light-
emitting device package.

[Best Mode]

[0032] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings, in
order to concretely realize the object described above.
[0033] In the description of the embodiments, when an
element is referred to as being formed "on" or "under"
another element, it can be directly "on" or "under" the
other element or be indirectly formed with intervening
elements therebetween. It will also be understood that
"on" or "under" the element may be described relative to
the drawings.
[0034] Light-emitting devices according to the embod-
iments are vertical light-emitting devices in which a first
electrode, which supplies current to a first conductive
semiconductor layer, is disposed below a light-emitting
structure so as to reduce the amount of light that is re-
flected and discharged upward from the light-emitting
structure, and the first electrode may penetrate a second
conductive semiconductor layer and an active layer to
thereby be electrically connected to the first conductive
semiconductor layer.
[0035] FIG. 2 is a view illustrating a first embodiment
of a light-emitting device.
[0036] In the light-emitting device 200a according to
the present embodiment, a second conductor layer 236
may be disposed below a light-emitting structure 220, an
insulating layer 285 and a first conductor layer 232 may
be disposed below the second conductor layer 236, and
through-electrodes 233, which extend from the first con-
ductor layer 232, may be in electrical contact with a sec-
ond conductive semiconductor layer 222 in the light-emit-
ting structure 220. In addition, second electrodes 236a
and 236b may be disposed in the edge area of the second
conductor layer 236 so as to correspond to the edge of
the light-emitting structure 220.
[0037] The light-emitting structure 220 includes a first
conductive semiconductor layer 222, an active layer 224,
and a second conductive semiconductor layer 226.
[0038] The first conductive semiconductor layer 222
may be formed of group III-V or II-VI compound semi-
conductors, or the like, and may be doped with a first
conductive dopant. The first conductive semiconductor
layer 222 may be formed of a semiconductor material
having a composition equation of AlxInyGa(1-x-y)N
(0≤x≤1, 0≤y≤1, 0≤x+y≤1), and for example, may be
formed of any one or more of AlGaN, GaN, InAlGaN,
AlGaAs, GaP, GaAs, GaAsP, and AlGaInP.
[0039] When the first conductive semiconductor layer
222 is an n-type semiconductor layer, the first conductive

dopant may include an n-type dopant such as Si, Ge, Sn,
Se, or Te. The first conductive semiconductor layer 222
may be formed in a single layer or in multiple layers,
without being limited thereto.
[0040] The active layer 224 may be disposed between
the first conductive semiconductor layer 222 and the sec-
ond conductive semiconductor layer 226, and may in-
clude any one of a single well structure, a multi-well struc-
ture, a single quantum well structure, a multi-quantum-
well structure, a quantum dot structure, and a quantum
line structure.
[0041] The active layer 224 may have any one or more
pair structures of a well layer and a barrier layer using
group III-V compound semiconductors, for example, Al-
GaN/AlGaN, InGaN/GaN, InGaN/InGaN, AlGaN/GaN,
InAlGaN/GaN, GaAs(InGaAs)/AlGaAs, and GaP(In-
GaP)/AlGaP, without being limited thereto. Here, the well
layer may be formed of a material, which has a smaller
energy band gap than the energy band gap of the barrier
layer.
[0042] The second conductive semiconductor layer
226 may be formed of a semiconductor compound. The
second conductive semiconductor layer 226 may be
formed of, for example, group III-V or II-VI compound
semiconductors, and may be doped with a second con-
ductive dopant. The second conductive semiconductor
layer 226 may be formed of a semiconductor material
having a composition equation of InxAlyGa1-x-yN (0≤x≤
1, 0≤y≤1, 0≤x+y≤1), and may be formed of any one or
more of AlGaN, GaNAlInN, AlGaAs, GaP, GaAs, GaAsP,
and AlGaInP.
[0043] When the second conductive semiconductor
layer 226 is a p-type semiconductor layer, the second
conductive dopant may be a p-type dopant such as Mg,
Zn, Ca, Sr or Ba. The second conductive semiconductor
layer 226 may be formed in a single layer or in multiple
layers, without being limited thereto.
[0044] When the light-emitting device 200a according
to the embodiment emits light within a UV-B or UV-C
wavelength range, the light-emitting structure 220 may
be grown based on AlGaN, and for example, the com-
position rate of aluminum (Al) in AlGaN may be 40% or
more. As such, light emission in a TM mode may be in-
creased, compared to a light-emitting device that emits
light within a blue wavelength range, so that light is mostly
emitted in a vertical direction, which is parallel to the di-
rection of growth of the light-emitting structure 220. At
this time, due to the light extraction structure described
above, it is possible to reduce reabsorption of light inside
the light-emitting structure 220.
[0045] Although not illustrated, an electron blocking
layer may be disposed between the active layer 224 and
the second conductive semiconductor layer 226. The
electron blocking layer may have the structure of a super-
lattice. For example, the super-lattice may be formed by
disposing AlGaN doped with a second conductive dopant
and alternately disposing a plurality of GaN layers having
different composition rates of aluminum.
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[0046] The surface of the first conductive semiconduc-
tor layer 222 may be uneven to enhance light extraction
efficiency, as illustrated.
[0047] The second conductor layer 236 may be dis-
posed below the second conductive semiconductor layer
226. The second conductor layer 236 may be disposed
in surface contact with the second conductive semicon-
ductor layer 226, but may not be in contact in the area in
which the through-electrodes 233 are formed. In addition,
the edge of the second conductor layer 236 may be dis-
posed further outward than the edge of the second con-
ductive semiconductor layer 226, and this serves to se-
cure the area in which the second electrodes 236a and
236b are to be disposed.
[0048] The second conductor layer 236 may be formed
of a conductive material, and specifically, may be formed
of a metal. More specifically, the second conductor layer
may be formed in a single layer or in multiple layers using
at least one of silver (Ag), aluminum (Al), titanium (Ti),
chrome (Cr), nickel (Ni), copper (Cu), or gold (Au).
[0049] A passivation layer 280 may be formed around
the light-emitting structure 220. The passivation layer 280
may be formed of an insulating material, and the insulat-
ing material may be a non-conductive oxide or nitride. In
one example, the passivation layer 280 may be formed
as a silicon oxide (SiO2) layer, an oxide nitride layer, or
an oxide aluminum layer.
[0050] The passivation layer 280, which is disposed
around the light-emitting structure 220, may also be dis-
posed on the edge of the second conductor layer 236,
which is disposed further outward than the edge of the
second conductive semiconductor layer 226 described
above. The passivation layer 280 disposed on the edge
of the second conductor layer 236 may be opened in the
area in which the second electrodes 236a and 236b are
formed.
[0051] The first conductor layer 232 may be disposed
below the second conductor layer 236 with the insulating
layer 285 interposed therebetween. The first conductor
layer 232 may be formed of a conductive material, and
specifically, may be formed of a metal. More specifically,
the first conductor layer may be formed in a single layer
or in multiple layers using at least one of silver (Ag), alu-
minum (Al), titanium (Ti), chrome (Cr), nickel (Ni), copper
(Cu), or gold (Au).
[0052] The plurality of through-electrodes 233 may be
disposed so as to extend upward from the first conductor
layer 232. The through-electrodes 233 may penetrate
the insulating layer 285, the second conductor layer 236,
the second conductive semiconductor layer 226, and the
active layer 224 and may extend to a portion of the first
conductive semiconductor layer 222 so that the upper
surfaces of the through-electrodes 233 may be in surface
contact with the first conductive semiconductor layer 222.
[0053] Each through-electrode 233 may have a circu-
lar or polygonal cross-section. The above-described in-
sulating layer 285 may be disposed so as to extend
around the through-electrode 233, thereby electrically in-

sulating the through-electrode 233 from the second con-
ductor layer 236, the second conductive semiconductor
layer 226, and the active layer 224.
[0054] In FIG. 2, an ohmic layer 240 may be disposed
below the first conductor layer 232. The ohmic layer may
be disposed between the first conductor layer 232 and
the first conductive semiconductor layer 222, or between
the second conductor layer 236 and the second conduc-
tive semiconductor layer 226.
[0055] The ohmic layer 240 may have a thickness of
about 200Å. The ohmic layer 240 may be formed using
at least one of indium tin oxide (ITO), indium zinc oxide
(IZO), indium zinc tin oxide (IZTO), indium aluminum zinc
oxide (IAZO), indium gallium zinc oxide (IGZO), indium
gallium tin oxide (IGTO), aluminum zinc oxide (AZO), an-
timony tin oxide (ATO), gallium zinc oxide (GZO), IZO
Nitride (IZON), Al-GaZnO (AGZO), In-GaZnO (IGZO),
ZnO, IrOx, RuOx, NiO, RuOx/ITO, Ni/IrOx/Au,
Ni/IrOx/Au/ITO, Ag, Ni, Cr, Ti, Al, Rh, Pd, Ir, Sn, In, Ru,
Mg, Zn, Pt, Au, or Hf, without being limited to these ma-
terials.
[0056] A reflective layer 250, which may act as a re-
flective electrode, may be disposed below the ohmic lay-
er. The reflective layer 250 may be formed as a metal
layer using tungsten (W), titanium (Ti), molybdenum
(Mo), aluminum (Al), silver (Ag), nickel (Ni), platinum (Pt),
rhodium (Rh), or an alloy containing Al, Ag, Pt or Rh.
Aluminum, silver, or the like may effectively reflect light,
which is directed from the active layer 224 downward in
FIG. 2, thereby considerably enhancing the light extrac-
tion efficiency of a semiconductor element.
[0057] The width of the reflective layer 250 may be
smaller than the width of the ohmic layer 240, and a chan-
nel layer 260 may be disposed below the reflective layer
250. The width of the channel layer 260 may be greater
than the width of the reflective layer 250 so that the chan-
nel layer may be disposed so as to surround the reflective
layer 250. The channel layer 260 may be formed of a
conductive material, and for example, may be formed of
gold (Au) or tin (Sn).
[0058] A conductive support substrate 270 may be
formed of a conductive material such as a metal or a
semiconductor material. The conductive support sub-
strate may be formed using a metal having excellent elec-
trical conductivity or thermal conductivity, and may be
formed using a highly thermally conductive material (e.
g. a metal) because it is necessary to sufficiently dissipate
heat generated during operation of a semiconductor el-
ement. For example, the conductive support substrate
may be formed of a material selected from among the
group consisting of molybdenum (Mo), silicon (Si), tung-
sten (W), copper (Cu), and aluminum (Al), or an alloy
thereof. In addition, the conductive support substrate
may selectively include gold (Au), copper (Cu) alloy, nick-
el (Ni), copper-tungsten (Cu-W), a carrier wafer (e.g.
GaN, Si, Ge, GaAs, ZnO, SiGe, SiC, SiGe, Ga2O3 or the
like), or the like.
[0059] The support substrate 270 may be formed to a
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thickness ranging from 50mm to 200mm in order to have
sufficient mechanical strength for effectively dividing an
entire nitride semiconductor into separate chips via a
scribing process and a breaking process without bending
the semiconductor.
[0060] Although not illustrated, a bonding layer may
bond the channel layer 260 to the conductive support
substrate 270, and may be formed of a material selected
from the group consisting of gold (Au), tin (Sn), indium
(In), aluminum (Al), silicon (Si), silver (Ag), nickel (Ni),
and copper (Cu), or an alloy thereof.
[0061] In the light-emitting device 200a according to
the present embodiment, current is uniformly supplied
from the first conductor layer 232 to the entire area of the
first conductive semiconductor layer 222 through the
through-electrode 233, and current may be uniformly
supplied to the entire area of the second conductive sem-
iconductor layer 226, which is in surface contact with the
second conductor layer 236. In addition, the second elec-
trodes 236a and 236b may be disposed on the second
conductor layer 236 around the light-emitting structure
220 so that current is uniformly supplied to the entire area
of the second conductor layer 236. Thus, the frequency
at which electrons injected through the first conductive
semiconductor layer 222 and holes injected through the
second conductive semiconductor layer 226 are com-
bined with each other in the active layer 224 may in-
crease, which may increase the quantity of light dis-
charged from the active layer 224.
[0062] FIG. 3 is a view illustrating another embodiment
of a light-emitting device.
[0063] The light-emitting device 200b according to the
present embodiment is similar to the embodiment of FIG.
2, but differs in terms that a first recess penetrates the
second conductive semiconductor layer 226 and the ac-
tive layer 224 and is disposed in a portion of the first
conductive semiconductor layer 222, and a second re-
cess penetrates the first conductive semiconductor layer
222, the second conductive semiconductor layer 226,
and the active layer 224 and is disposed in a portion of
the insulating layer 285.
[0064] The first recess may be the edge of each
through-electrode, which is formed, from the lower side
of the light-emitting structure, in the insulating layer 285,
the second conductor layer 236, the second conductive
semiconductor layer 236, the active layer 224, and a por-
tion of the first conductive semiconductor layer 222. The
through-electrode 233 and the first conductor layer 232
may be formed of the same material. The through-elec-
trode 233 and the first conductor layer 232 may form a
first electrode.
[0065] In addition, the first conductor layer 232 may
act as a first electrode, and the conductive support sub-
strate 270 may be electrically connected to the first elec-
trode 233.
[0066] The second recess may penetrate, from the up-
per side of the light-emitting structure, the first conductive
semiconductor layer 222, the active layer 224, and the

second conductive semiconductor layer 226 so as to ex-
pose the insulating layer 285, and may act as a light ex-
tractor 286.
[0067] The light extractor 286 may be formed by con-
vex and concave portions of the surface of the first con-
ductive semiconductor layer 222. The convex portions
may be disposed to correspond to the above-described
through-electrode 233, and the concave portions may be
formed to correspond to the area between the respective
through-electrodes 233.
[0068] The concave portions may also be formed in
one surface of the insulating layer 285.
[0069] In other words, the light extractor 286 may in-
clude a light-extractor lower-surface portion 2865, which
forms the lower surface of the light extractor 286, a first
light-extractor side-surface portion 2861, which forms
one side surface of the light extractor 286, and a second
light-extractor side-surface portion 2863, which forms the
other side surface of the light extractor 286. The light-
extractor lower-surface portion 2865 may be formed of
the insulating layer 285.
[0070] More specifically, the insulating layer 285 that
is disposed in the area between the through-electrodes
233 of the light-emitting device 200a according to the
embodiment illustrated in FIG. 2 may be disposed so as
to be in surface contact with the second conductor layer
236, whereas the insulating layer 285 that is disposed in
the area between the through-electrodes 233 of the light-
emitting device 200b according to the embodiment illus-
trated in FIG. 3 may be disposed so as to be opened,
rather than being in surface contact with the second con-
ductor layer 236.
[0071] Each of the first light-extractor side-surface por-
tion 2861 and the second light-extractor side-surface por-
tion 2863 may include all of the first conductive semicon-
ductor layer 222, the active layer 224, and the second
conductive semiconductor layer 226, and both the first
light-extractor side-surface portion 2861 and the second
light-extractor side-surface portion 2863 are mesa-
etched so that the active layer 224 is opened. Therefore,
the light generated in the active layer 224 may be more
efficiently extracted to the outside of the light-emitting
device 200b, which may increase the light extraction ef-
ficiency of the light-emitting device 200b.
[0072] In other words, when one surface of the active
layer 224 is mesa-etched, the light generated in the active
layer 224 is extracted to the outside of the light-emitting
device 200, rather than being absorbed and/or reflected
by the first conductive semiconductor layer 222, and
therefore, the light extraction efficiency of the light-emit-
ting device 200 may be increased.
[0073] The light extractor 286 in the present embodi-
ment is illustrated as being provided in all of the areas
between the through-electrodes 233, but this merely il-
lustrates one embodiment. The light extractor is not lim-
ited to the embodiment illustrated in FIGs. 3 and 4 so
long as it can extract the light generated in the active
layer 224 to the outside of the light-emitting device 200,
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and the shape and number of light extractors 286 may
be set differently depending on user need and does not
limit the scope of the disclosure.
[0074] FIG. 4 is a view illustrating the light-emitting
structure of FIG. 3 in detail.
[0075] Referring to FIG. 4, unlike the shape of the light
extractor 286 including at least one inflection point on the
side surface illustrated in FIG. 3, the light extractor 286
may include no inflection point on the side surface.
[0076] The area C in which the through-electrode 233
is in contact with the first conductive semiconductor layer
222 may be provided with a convex portion.
[0077] The convex portion may be formed on the sur-
face of the first conductive semiconductor layer 222 so
as to correspond to each through-electrode 233, and the
concave portion may be formed in the surface of the first
conductive semiconductor layer 222 so as to correspond
to the area between the respective through-electrodes
233. Here, the convex and concave portions may also
have uneven surfaces B and A.
[0078] A pattern defined by the convex and concave
portions of the surface of the first conductive semicon-
ductor layer 222 has regularity, but the uneven surfaces
of the convex and concave portions may have irregular
roughness.
[0079] In FIG. 4, the width of the convex portion may
be greater than the width of the through-electrode 233.
More specifically, the third width W21 of the surface of
the through-electrode 233 may be smaller than the sec-
ond width W22 of the area in which the through-electrode
233 is in contact with the first conductor layer 232, and
the width W11 of the surface of the convex portion may
be greater than the width W12 of the light-extractor lower
surface portion at the height corresponding to the surface
of the adjacent concave portion.
[0080] The width W11 of the surface of the convex por-
tion may be greater than the third width W21 of the surface
of the through-electrode 233, and the width W12 of the
light-extractor lower surface portion at the height corre-
sponding to the surface of the adjacent concave portion
may be smaller than the second width W22 of the area
in which the through-electrode 233 is in contact with the
first conductor layer 232.
[0081] The width of the light-extractor lower-surface
portion 2865 may have the first width W12 required to
extract the light generated in the active layer 224.
[0082] In addition, the first width W12 of the light-ex-
tractor lower-surface portion 2865 may be equal to or
greater than 3mm.
[0083] When the width W12 of the light-extractor lower-
surface portion is below 3mm, it is difficult to outwardly
extract the light generated in the active layer 224. There-
fore, the aforementioned width range may ensure en-
hanced light extraction efficiency.
[0084] The distance W3 between the centers of the
through-electrodes 233 may range from 50mm to 200mm.
[0085] When the distance W3 between the centers of
the through-electrodes 233 is below 50mm, the area of

the active layer 224 in which light is generated in practice
may be reduced, which may cause reduced light extrac-
tion efficiency.
[0086] In addition, when the distance W3 between the
centers of the through-electrodes 233 is above 200mm,
the current spreading characteristics of the first conduc-
tive semiconductor layer 222 may be reduced, which may
cause reduced light extraction efficiency.
[0087] Thus, through the provision of the distance W3
between the centers of the through-electrodes 233 rang-
ing from 50mm to 200mm, it is possible to provide the
light-emitting device 200 having enhanced light extrac-
tion efficiency.
[0088] A first angle between the insulating layer 285,
the first light-extractor side-surface portion 2861, and the
second light-extractor side-surface portion 2863 may be
equal to or less than 80 degrees.
[0089] This is because, when the angle between the
insulating layer 285, the first light-extractor side-surface
portion 2861, and the second light-extractor side-surface
portion 2863 is above 80 degrees, the light extracted
through the first light-extractor side-surface portion 2861
may again be absorbed by the second light-extractor
side-surface portion 2853, which may reduce light ex-
traction efficiency.
[0090] Thus, through the provision of an angle that is
equal to or less than 80 degrees between the insulating
layer 285, the first light-extractor side-surface portion
2861, and the second light-extractor side-surface portion
2863, it is possible to increase the light extraction effi-
ciency of the light-emitting device 200c.
[0091] FIGs. 5a to 5d are views illustrating various em-
bodiments of the light-emitting structure of FIG. 4.
[0092] Referring to FIGs. 5a to 5d, the first and second
light-extractor side-surface portions 2861 and 2863 of
the embodiments may have various shapes.
[0093] More specifically, the first and second light-ex-
tractor side-surface portions 2861 and 2863 of the em-
bodiments may include surfaces having roughness.
[0094] When the roughness is provided not only on the
upper surface of the second conductive semiconductor
layer, but also on the first and second light-extractor side-
surface portions 2861 and 2863, the light emitted from
the active layer 224 may be more efficiently extracted.
[0095] In addition, the first and second light-extractor
side-surface portions 2861 and 2863 of the embodiments
may have a stepped shape, a concave shape, or a con-
vex shape.
[0096] By providing the first and second light-extractor
side-surface portions 2861 and 2863 with various
shapes, more efficient light extraction of the light-emitting
device, and consequently, enhanced light extraction ef-
ficiency thereof may be achieved.
[0097] However, this illustrates only an embodiment,
and shape of the first and second light-extractor side-
surface portions 2861 and 2863 may be changed de-
pending on user need, and does not limit the scope of
the disclosure.
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[0098] FIGs. 6a and 6b are top views of the light-emit-
ting devices of FIGs. 2 and 3.
[0099] In FIG. 6a, the through-electrodes 233 are dis-
posed below the first conductive semiconductor layer
222, and the insulating layer 285 is disposed around each
through-electrode 233. The through-electrode 233 and
the insulating layer 285 are disposed below the first con-
ductive semiconductor layer 222, and thus cannot be
seen in top views, but are illustrated for convenience of
understanding.
[0100] The second electrodes 236a and 236b are dis-
posed outside the passivation layer 280. The second
electrode 236b disposed in the area "D" may have a width
greater than that of the second electrode 236a disposed
in the other area, and may be a wire bonding area.
[0101] Referring to the top view illustrated in FIG. 6b,
a concave portion may be located in the area "B" of the
surface of the second conductive semiconductor layer
222. The aforementioned concave portion may be locat-
ed between the respective through-electrodes 233.
[0102] In the light-emitting devices 200a to 200g ac-
cording to the above-described embodiments, the
through-electrodes 233, which are continuously formed
from the first conductor layer 232 to the first conductive
semiconductor layer 222, are uniformly arranged in the
entire area, such that current is uniformly supplied to the
entire area of the first conductive semiconductor layer
222, and thus the combination of electrons and holes
may be efficiently performed in the entire area of the light-
emitting structure 220, which may result in enhanced lu-
minous efficacy.
[0103] FIG. 7 is a view illustrating an embodiment of a
light-emitting device package.
[0104] The light-emitting device package 300 accord-
ing to the embodiment includes a package body 310, a
first electrode part 321, a second electrode part 322, and
the light-emitting device 200.
[0105] The package body 310 may have a cavity, and
may be formed of an insulating material, and, for exam-
ple, may be formed of polypthalamide (PPA) resin or a
silicon-based material.
[0106] Each of the first electrode part 321 and the sec-
ond electrode part 322 may be disposed on the package
body 310 and a portion thereof may be disposed on the
bottom surface of the cavity.
[0107] The light-emitting device 200 may be the above-
described light-emitting device, and may be disposed on
the first electrode part 321 and be electrically connected
to the second electrode part 322 via a wire 330.
[0108] A molded part 350 may be disposed around the
light-emitting device 200 and the wire 330. The molded
part 350 may be filled with air, or may be formed of any
other protective material.
[0109] In the case of the light-emitting device that emits
ultraviolet light, when the molded part 350 is filled with a
silicon-based material, defects such as cracks may occur
in the molded part 350 due to energy corresponding to
an ultraviolet wavelength, causing deterioration in relia-

bility. The molded part 350 may include phosphors (not
illustrated). The phosphors may be YAG-based phos-
phors, nitride-based phosphors, silicate, or mixtures
thereof, without being limited thereto. A cover 370 may
be disposed on top of the package 300. The cover 370
may be formed of a light-transmissive material such as
glass.
[0110] In addition to the shape of the package of FIG.
7, the light-emitting device may be used in a flip-bonding
package.
[0111] A plurality of light-emitting device packages ac-
cording to the embodiment may be disposed on a sub-
strate to form an array, and optical members, such as a
light guide plate, a prism sheet, and a diffusion sheet may
be disposed on the optical path of the light-emitting de-
vice packages. The light-emitting device packages, the
substrate, and the optical members may function as a
backlight unit.
[0112] In addition, a display apparatus, an indicator ap-
paratus, and a lighting apparatus including the light-emit-
ting device package according to the embodiment may
be realized.
[0113] Here, the display apparatus may include a bot-
tom cover, a reflector disposed on the bottom cover, a
light-emitting module configured to emit light, a light guide
plate disposed in front of the reflector to forwardly guide
the light emitted from the light-emitting module, optical
sheets including prism sheets disposed in front of the
light guide plate, a display panel disposed in front of the
optical sheets, an image signal output circuit connected
to the display panel so as to supply an image signal to
the display panel, and a color filter disposed in front of
the display panel. Here, the bottom cover, the reflector,
the light-emitting module, the light guide plate, and the
optical sheets may construct a backlight unit.
[0114] In addition, the lighting apparatus may include
a light source module having a substrate and the light-
emitting device package according to the embodiment,
a heat radiator configured to dissipate heat from the light
source module, and a power supply unit configured to
process or convert an electric signal provided from the
outside so as to supply the same to the light source mod-
ule. For example, the lighting apparatus may include a
lamp, a headlamp, or a street light.
[0115] The head lamp may include a light-emitting
module, which includes light-emitting device packages
disposed on a substrate, a reflector, which reflects light
emitted from the light-emitting module in a given direc-
tion, for example, in a forward direction, a lens, which
forwardly refracts the light reflected by the reflector, and
a shade, which blocks or reflects some of the light, which
has been reflected by the reflector and directed to the
lens, so as to achieve the light distribution pattern desired
by a designer.
[0116] Although embodiments have been described
above, the above description is merely given by way of
example and is not intended to limit the disclosure, and
it will be apparent to those skilled in the art that various
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substitutions, modifications, and alterations may be de-
vised within the spirit and scope of the embodiments. For
example, the respective constituent elements described
in the embodiments may be modified in various ways. In
addition, differences associated with these modifications
and alterations should be interpreted as being included
in the scope of the disclosure defined by the accompa-
nying claims.

[Mode for Invention]

[0117] The mode for the implementation of the disclo-
sure has been sufficiently described in "Best Mode"
above.

[Industrial Applicability]

[0118] A light-emitting device according to embodi-
ments, which exhibits enhanced light extraction efficien-
cy, may be mounted in a light-emitting device package,
and may be realized as a display apparatus, an indicator
apparatus, or a lighting apparatus including the light-
emitting device package.

Claims

1. A light-emitting device comprising; a light-emitting
structure comprising a first conductive semiconduc-
tor layer, a second conductive semiconductor layer,
and an active layer disposed between the first con-
ductive semiconductor layer and the second conduc-
tive semiconductor layer, and further comprising a
plurality of first recesses configured to penetrate the
second conductive semiconductor layer and the ac-
tive layer and be located in a portion of the first con-
ductive semiconductor layer;
a first electrode electrically connected to the first con-
ductive semiconductor layer inside each of the plu-
rality of first recesses;
a conductive support substrate electrically connect-
ed to the first electrode;
a second electrode electrically connected to the sec-
ond conductive semiconductor layer; and
an insulating layer disposed between the conductive
support substrate and the second conductive semi-
conductor layer,
wherein a second recess penetrates the first con-
ductive semiconductor layer, the second conductive
semiconductor layer, and the active layer and is lo-
cated in a portion of the insulating layer.

2. The device according to claim 1, wherein the insu-
lating layer is disposed so as to extend around the
first recesses.

3. The device according to claim 1, wherein the second
recess comprises:

a light-extractor lower-surface portion config-
ured to form a lower surface of the second re-
cess;
a first light-extractor side-surface portion config-
ured to form one side surface of the second re-
cess; and
a second light-extractor side-surface portion
configured to form a remaining side surface of
the second recess.

4. The device according to claim 3, wherein the light-
extractor lower-surface portion is the insulating lay-
er.

5. The device according to claim 4, wherein the light-
extractor lower-surface portion is disposed to have
a first width for extracting light generated in the active
layer.

6. The device according to claim 5, wherein the first
width is equal to or greater than 3 mm.

7. The device according to claim 3, wherein the first
light-extractor side-surface portion is disposed to
have a first angle with the insulating layer for pre-
venting light generated in the active layer from being
again absorbed into the second light-extractor side-
surface portion.

8. The device according to claim 7, wherein the first
angle is equal to or less than 80 degrees.

9. The device according to claim 1, wherein a third width
of a surface of each first recess is smaller than a
second width of an area in which the first recess is
in contact with the first electrode.

10. The device according to claim 1, wherein the light-
emitting structure emits light within a UV-B or UV-C
wavelength range.

11. The device according to claim 1, wherein, in the first
conductive semiconductor layer or the second con-
ductive semiconductor layer, a composition rate of
aluminum (Al) is equal to or greater than 40%.

12. A light-emitting device comprising;
a light-emitting structure comprising a first conduc-
tive semiconductor layer, a second conductive sem-
iconductor layer, and an active layer disposed be-
tween the first conductive semiconductor layer and
the second conductive semiconductor layer, and fur-
ther comprising a plurality of first recesses config-
ured to penetrate the second conductive semicon-
ductor layer and the active layer and be located in a
portion of the first conductive semiconductor layer;
a first electrode electrically connected to the first con-
ductive semiconductor layer inside each of the plu-

15 16 



EP 3 343 644 A1

10

5

10

15

20

25

30

35

40

45

50

55

rality of first recesses;
a conductive support substrate electrically connect-
ed to the first electrode;
a second electrode electrically connected to the sec-
ond conductive semiconductor layer; and
an insulating layer disposed between the conductive
support substrate and the second conductive semi-
conductor layer,
wherein a second recess penetrates the first con-
ductive semiconductor layer, the second conductive
semiconductor layer, and the active layer and is lo-
cated in a portion of the insulating layer,
wherein the second recess comprises a light-extrac-
tor lower-surface portion configured to form a lower
surface of the second recess, a first light-extractor
side-surface portion configured to form one side sur-
face of the second recess, and a second light-ex-
tractor side-surface portion configured to form a re-
maining side surface of the second recess,
wherein the light-extractor lower-surface portion has
a first width for extracting light generated in the active
layer, and the first width is equal to or greater than
3 mm, and
wherein a third width of a surface of each first recess
is smaller than a second width of an area in which
the first recess is in contact with the first electrode.

13. A light-emitting device package comprising:

a conductive substrate provided with a cavity;
and
a light-emitting device disposed so that at least
a portion thereof is inserted into the cavity in the
conductive substrate,
wherein the light-emitting device comprises:

a light-emitting structure comprising a first
conductive semiconductor layer, a second
conductive semiconductor layer, and an ac-
tive layer disposed between the first con-
ductive semiconductor layer and the sec-
ond conductive semiconductor layer, and
further comprising a plurality of first recess-
es configured to penetrate the second con-
ductive semiconductor layer and the active
layer and be located in a portion of the first
conductive semiconductor layer;
a first electrode electrically connected to the
first conductive semiconductor layer inside
each of the plurality of first recesses;
a conductive support substrate electrically
connected to the first electrode;
a second electrode electrically connected
to the second conductive semiconductor
layer; and
an insulating layer disposed between the
conductive support substrate and the sec-
ond conductive semiconductor layer,

wherein a second recess penetrates the
first conductive semiconductor layer, the
second conductive semiconductor layer,
and the active layer and is located in a por-
tion of the insulating layer.

14. The package according to claim 13, wherein the sec-
ond recess comprises:

a light-extractor lower-surface portion config-
ured to form a lower surface of a light extractor;
a first light-extractor side-surface portion config-
ured to form one side surface of the light extrac-
tor; and
a second light-extractor side-surface portion
configured to form a remaining side surface of
the light extractor.

15. The package according to claim 14, wherein the
light-extractor lower-surface portion is the insulating
layer.

16. The package according to claim 15, wherein the
light-extractor lower-surface portion is disposed to
have a first width for extracting light generated in the
active layer.

17. The package according to claim 16, wherein the first
width is equal to or greater than 3 mm.

18. The package according to claim 14, wherein the first
light-extractor side-surface portion is disposed to
have a first angle with the insulating layer for pre-
venting light generated in the active layer from being
again absorbed into the second light-extractor side-
surface portion.

19. The package according to claim 18, wherein the first
angle is equal to or less than 80 degrees.

20. The package according to claim 13, wherein, in the
first conductive semiconductor layer or the second
conductive semiconductor layer, a composition rate
of aluminum (Al) is equal to or greater than 40%.
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