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Description

[0001] Embodiments relate to a light emitting diode
(LED), a light emitting diode package with the same and
a lighting system including the same.

BACKGROUND

[0002] Nitride semiconductors are attracting much at-
tention for the fields of optical devices and high-power
electronic devices because of their high thermal stability
and wide band gap energy. In particular, blue light emit-
ting diodes (LEDs), green LEDs, and UV LEDs that use
nitride semiconductors have been commercialized and
are being widely used.
[0003] According to the related art, not only GaN sub-
strates but also heterogeneous substrates formed of dif-
ferent materials (e.g., silicon, sapphire, and silicon car-
bide (SiC)) are used to grow GaN epitaxial layers. When
GaN-based materials are grown on such heterogeneous
substrates, many defects such as threading dislocations
(TD) are included in the grown thin layer due to the mis-
matches between crystal lattice coefficients and thermal
expansion coefficients.
[0004] Also, according to the related art, a dry etching
or wet etching-based isolation process is used to provide
the isolation between LED chips. However, the LED may
be damaged by plasma or chemicals during the etching-
based isolation process, thereby degrading the chip re-
liability.
[0005] US 2004/0115845 A1 discloses a light emitting
diode having a GaN-based thick film with a slanted sur-
face formed on the surface of a substrate which can be
removed. The slanted surface increases the light emis-
sion efficiency.
[0006] EP 1 798 781 A2 discloses a vertical GaN-
based LED having an n-type GaN top layer with a tilted
outer surface. The tilt of the outer surface significantly
improves the light extraction efficiency.

SUMMARY

[0007] The invention provides a light emitting diode as
defined in claim 1, a light emitting diode package as de-
fined in claim 8 and a lighting system as defined in claim
9. Further embodiments are recited in the dependent
claims.
[0008] According to the present invention, defined by
the appended claims, embodiments provide a light emit-
ting device (LED) having low crystal defects, an LED
package with the same and a lighting system including
the same.
[0009] Embodiments also provide an LED including a
chip having improved light extraction efficiency, an LED
package with the same and a lighting system including
the same.
[0010] Embodiments also provide an LED in which the
number of isolation processes for inter-chip isolation is

reduced and light extraction efficiency is improved, an
LED package with the same and a lighting system includ-
ing the same.
[0011] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims which define
the matter for which protection is sought.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a sectional view of a light emitting diode
(LED) according to an example not forming part of the
present invention.
[0013] Figs. 2 to 6 are sectional views illustrating a
process of fabricating the LED according to this example.
[0014] Figs. 7 and 11 are sectional views of an LED
according to an embodiment of the present invention.
[0015] Fig. 12 is a sectional view of an LED package
according to an other embodiment.
[0016] Fig. 13 is a perspective view of a lighting unit
according to a further embodiment.
[0017] Fig. 14 is an exploded perspective view of a
backlight unit according to an other further embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] Hereinafter, a light emitting diode, a light emit-
ting diode package and a lighting system including the
same will be described with reference to accompanying
drawings.
[0019] In the description of example and embodi-
ments, it will be understood that when a layer (or film) is
referred to as being "on/over" another layer or substrate,
it can be directly on/over another layer or substrate, or
intervening layers may also be present. Further, it will be
understood that when a layer is referred to as being "un-
der/below" another layer, it can be directly under/below
another layer, and one or more intervening layers may
also be present. In addition, it will also be understood
that when a layer is referred to as being "between" two
layers, it can be the only layer between the two layers,
or one or more intervening layers may also be present.
[0020] (Example, not forming part of the present inven-
tion)
[0021] Fig. 1 is a sectional view of a light emitting diode
(LED) according to a first example.
[0022] A light emitting diode (LED) 190 according to
this example may include a light emitting structure and
a first electrode 125 disposed on the light emitting struc-
ture. The light emitting structure includes a second con-
ductive type semiconductor layer 140, an active layer
130 disposed on the second conductive type semicon-
ductor layer 140, and a first conductive type semicon-
ductor layer 120 disposed on the active layer 130. The
light emitting  structure may have a slope. The non-de-
scribed reference numerals in FIG. 1 will be described
later with reference to Figs. 2 to 5.
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[0023] According to the LED and a process of fabricat-
ing the LED of this example, a selective growth process
may be used to grow a GaN-based material with a low
crystal defect in an LED structure, thereby providing high
internal efficiency, high reliability, and good current
spreading.
[0024] Also, a path of photons generated in the active
layer 130 due to a chip shape obtained by adjusting a
slope of a lateral surface of the light emitting structure
may be reduced to improve light extraction efficiency.
[0025] Also, the selective growth process may be per-
formed to obtain a high-quality semiconductor layer, re-
duce the number of isolation processes for inter-chip iso-
lation when a vertical type device is fabricated, and im-
prove the light extraction efficiency.
[0026] Hereinafter, a process of the LED according to
this example will be described with reference to Figs. 2
to 6.
[0027] Referring to FIG. 2, a first substrate 100 may
be prepared. The first substrate 100 may be a sapphire
(Al2O3) monocrystalline substrate, a Si substrate, or a
SiC substrate, which include a semiconductor layer and
a heterogeneous material, but is not limited thereto. A
wet cleaning process may be performed on the first sub-
strate 100 to remove impurities of a surface of the first
substrate 100.
[0028] A semiconductor layer 110 may be formed on
the first substrate 100. For  example, an undoped-GaN
layer may be formed on the first substrate 100, but is not
limited thereto. Since the layer 110 is formed, the growth
of the first conductive type semiconductor layer 120 may
be improved. In addition, it may prevent crystal defects
from extending upward. Further, the semiconductor 110
may be lightly doped semiconductor layer having a dop-
ing concentration of 1 x 1015 - 5 x 1015 cm-3 or below.
[0029] A first pattern 210 is formed on the non-conduc-
tive semiconductor layer 110 to expose a partial region
M thereof. The first pattern 210 may remain in an inter-
chip boundary region. For example, the first pattern 210
may be an oxide layer (e.g., SiO2) or a nitride layer, but
is not limited thereto. For example, a plasma enhanced
chemical vapor deposition (PECVD) process may be
used to deposit SiO2, and then, a patterning process may
be used to form the first pattern 210 exposing the partial
region M.
[0030] In the example, the non-conductive type semi-
conductor layer 110 may have a crystalline direction dif-
ferent from those of a first conductive type semiconductor
layer 120, an active layer 130, and a second conductive
type semiconductor layer 140. Thus, the first conductive
type semiconductor layer 120, the active layer 130, and
the second conductive type semiconductor layer 140
may be etched in a vertical pattern shape, and the non-
conductive type semiconductor layer 110 may be etched
to remain at a predetermined slope.
[0031] Referring to Fig. 3, the first conductive type
semiconductor layer 120 is formed on the exposed non-
conductive semiconductor layer 110. For example, a

chemical vapor deposition (CVD) process, a molecular
beam epitaxy (MBE) process, a sputtering  process, or
a hydride vapor phase epitaxy (HVPE) process may be
used to form an n-type GaN layer for the first conductive
type semiconductor layer 120. Also, the first conductive
type semiconductor layer 120 may be formed by injecting
tri-methyl gallium gas (TMGa), ammonia gas (NH3), ni-
trogen gas (N2), or silane gas (SiH4) containing n-type
impurity such as silicon (Si) into a process chamber.
[0032] At this time, the first conductive type semicon-
ductor layer 120 may be laterally grown from a seed re-
gion toward the first pattern 210. The first conductive type
semiconductor layer 120 on the first pattern 210 has a
high-quality crystal with a little potential.
[0033] According to the LED of this example and the
method of fabricating the LED, a selective growth proc-
ess is utilized to grow a GaN-based material with a low
crystal defect in an LED structure, thereby providing high
internal efficiency, high reliability, and good current
spreading.
[0034] Also, the selective growth process may be per-
formed to obtain a semiconductor layer having the low
crystal defect, reduce the number of isolation processes
for inter-chip isolation when a vertical type device is fab-
ricated, and improve the light extraction efficiency.
[0035] The active layer 130 is formed on the first con-
ductive type semiconductor layer 120. The active layer
130 may have a quantum well structure that is formed
by alternately stacking nitride semiconductor layers with
different energy bands once or several  times. For exam-
ple, the active layer 130 may have a multi-quantum well
structure with an InGaN/GaN structure that is formed by
injecting tri-methyl gallium gas (TMGa), ammonia gas
(NH3), nitrogen gas (N2), or tri-methyl indium gas (TMIn),
but is not limited thereto.
[0036] At this time, the active layer 130 may be formed
on a top surface of the first conductive type semiconduc-
tor layer 120. For example, a mask pattern (not shown)
may be formed on a lateral surface of the first conductive
type semiconductor layer 120, and the active layer 130
may be formed on the top surface of the first conductive
type semiconductor layer 120.
[0037] Referring to FIG. 4, the second conductive type
semiconductor layer 140 is formed on the active layer
130 and the first conductive type semiconductor layer
120. For example, the second conductive type semicon-
ductor layer 140 may be formed by injecting tri-methyl
gallium gas (TMGa), ammonia gas (NH3), nitrogen gas
(N2), or bisethylcyclopentadienyl magnesium (EtCp2Mg)
{Mg(C2H5C5H4)2} containing p-type impurity such as
magnesium (Mg) into a process chamber, but is not lim-
ited thereto.
[0038] At this time, the second conductive type semi-
conductor layer 140 may be formed to surround lateral
surfaces of the active layer 130 and the first conductive
type semiconductor layer 120.
[0039] Referring to Fig. 5, a wet or dry etching process
may be performed on lateral surfaces of the second con-
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ductive type semiconductor layer 140, the active layer
130, and the first conductive type semiconductor layer
120.
[0040] In the etching of the lateral surfaces of the sec-
ond conductive type semiconductor layer 140, the active
layer 130, and the first conductive type semiconductor
layer 120, the first pattern 210 may be removed to allow
the non-conductive type semiconductor layer 110 to be
etched while maintaining a predetermined slope.
[0041] According to this example, when the etching
process is performed to adjust the lateral slope of the
semiconductor layers 120, 130, and 140 of the grown
LED, the first pattern 210 exposed to an etching solution
is removed, and also, an undoped GaN that is the non-
conductive type semiconductor layer 110 is etched to
maintain a predetermined slope. For example, the non-
conductive type semiconductor layer 110 may have an
angle of about 55°∼89°, but is not limited thereto.
[0042] Also, according to this example, a portion of a
lateral surface of the GaN grown by removing the first
pattern 210 exposed to the etching solution may be
etched to maintain a predetermined slope. That is, ac-
cording to this example, when the selective growth proc-
ess is performed, various modes of growth planes occur
on the lateral surface. Thus, a portion of the growth
planes is reacted with the chemical etching solution to
form a plane having a predetermined slope. For example,
the second conductive type semiconductor layer 140, the
active layer 130, and the first conductive type semicon-
ductor layer 120 may be etched to form vertical profiles.
The undoped GaN that is the non-conductive type sem-
iconductor layer 110 may be etched to maintain a pre-
determined slope.
[0043] Also, according to this example, the slope of the
light emitting structure  may include uniform plane or non-
uniform plane. For example, the slope may be uniform
plane or non-uniform plane depending on etching.
[0044] In this example, a KOH etching solution may be
used as the etching solution, but is not limited thereto.
[0045] Referring to Fig. 6, a second electrode 150 is
formed on the second conductive type semiconductor
layer 140. The second electrode 150 may include at least
one of an ohmic layer, a reflective layer, and a coupling
layer.
[0046] For example, the second electrode layer 150
may be a p-type ohmic contact layer 152 and may be
formed by multiply stacking a single metal or a metal alloy
so as to provide efficient hole injection, but are not limited
thereto. The second electrode 150 may be a reflective
layer or a transparent layer. For example, when the sec-
ond electrode 150 is the reflective layer, the second elec-
trode 150 may include a metal layer containing Al, Ag,
or an alloy containing Al or Ag.
[0047] Also, the second electrode 150 may be formed
of at least one of ITO, IZO(In-ZnO), GZO(Ga-ZnO), AZO
(Al-ZnO), AGZO(Al-Ga ZnO), IGZO(In-Ga ZnO), IrOx,
RuOx, RuOx/ITO, Ni/IrOx/Au, and Ni/IrOx/Au/ITO, but is
not limited thereto.

[0048] A second substrate 160 may be formed on the
second electrode 150 so as to efficiently perform remov-
ing of the first substrate 100 in a subsequent process. If
the first conductive type semiconductor layer 120 has a
thick thickness of greater than about 70 mm, the  forma-
tion process of the second substrate 160 may be omitted.
[0049] The second substrate 160 may be formed of a
metal having good conductive properties, a metal alloy,
or a conductive semiconductor material to efficiently in-
ject the electron holes. For example, the second sub-
strate 160 may be formed of one of more of copper (Cu),
a Cu alloy, SiGe, GaN, Si, Ge, GaAs, ZnO, or SiC. The
second substrate 160 may be formed using an electro-
chemical metal deposition method or a bonding method
using eutectic metals.
[0050] The first substrate 100 is removed. The first sub-
strate 100 may be removed using a high power laser or
a chemical etching process. Also, the first substrate 100
may be removed using a physical grinding process. The
first substrate 100 is removed to expose the non-conduc-
tive type semiconductor layer 110. The exposed non-
conductive type semiconductor layer 110 may have sub-
surface damages generated when the first substrate 100
is removed. The subsurface damages may be removed
by performing a wet or dry etching process.
[0051] A portion of the non-conductive type semicon-
ductor layer 110 is moved, and a first electrode 125 is
formed on the first conductive type semiconductor layer
120. A dry or wet etching process may be performed on
a top surface of the non-conductive type semiconductor
layer 110 to form a roughness in a region except the first
electrode 125.
[0052] According to the LED of this example and the
method of fabricating the LED, a selective growth proc-
ess is utilized to grow a GaN-based material with a low
crystal  defect in an LED structure, thereby providing high
internal efficiency, high reliability, and good current
spreading.
[0053] Also, a path of photons generated in the active
layer 130 due to a chip shape obtained by adjusting a
slope of a lateral surface may be reduced to improve light
extraction efficiency.
[0054] Also, the selective growth process may be per-
formed to obtain a semiconductor layer having the low
crystal defect, reduce the number of isolation processes
for inter-chip isolation when a vertical type device is fab-
ricated, and improve the light extraction efficiency.
[0055] (Embodiment of the present invention)
[0056] Fig. 11 is a sectional view of an LED according
to an embodiment, and Figs. 7 and 11 are sectional views
of the LED according to this embodiment.
[0057] The embodiment may adopt technical features
of the above example, and only the parts different from
the above example will be mainly described below.
[0058] According to the embodiment, a portion of a first
conductive type semiconductor layer 127 of a light emit-
ting structure is sloped at a predetermined angle. The
first conductive type semiconductor layer 127 includes a
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first conductive type first semiconductor layer 121 and a
first conductive type second semiconductor layer 122.
Also, the first conductive type first semiconductor layer
121 has a predetermined slope.
[0059] Hereinafter, the embodiment will be described
with reference to Figs. 7 to 11.
[0060] Referring to Fig. 7, a first substrate 100 is pre-
pared. A first conductive type first semiconductor layer
121 is formed on the first substrate 100. At this time, a
non-conductive type semiconductor layer (not shown)
may be formed on the substrate 100, but is not limited
thereto.
[0061] Thereafter, a second pattern 220 is formed on
the first conductive type first semiconductor layer 121 to
expose a partial region M thereof. The second pattern
210 may remain in an inter-chip boundary region. For
example, the second pattern 220 may be an oxide layer
(e.g., SiO2) or a nitride layer, but is not limited thereto.
[0062] In the embodiment, the first conductive type first
semiconductor layer 121 has a crystalline direction dif-
ferent from those of a first conductive type second sem-
iconductor layer 122, an active layer 130, and a second
conductive type semiconductor layer 140, which will be
formed later. Thus, the first conductive type second sem-
iconductor layer 122, the active layer 130, and the second
conductive type semiconductor layer 140 may be etched
in a vertical pattern shape, and the first conductive type
first semiconductor layer 121 may be etched to remain
at a predetermined slope.
[0063] Referring to Fig. 8, the first conductive type sec-
ond semiconductor layer 122 is formed on the first con-
ductive type first semiconductor layer 121. At this time,
the first conductive type second semiconductor layer 122
may be laterally grown from a seed region  toward the
second pattern 220. Thereafter, the active layer 130 is
formed on the first conductive type second semiconduc-
tor layer 122.
[0064] Referring to Fig. 9, the second conductive type
semiconductor layer 140 is formed on the active layer
130 and the first conductive type semiconductor layer
122. At this time, the second conductive type semicon-
ductor layer 140 may be formed to surround lateral sur-
faces of the active layer 130 and the first conductive type
second semiconductor layer 122.
[0065] Referring to Fig. 10, a wet or dry etching process
may be performed on lateral surfaces of the second con-
ductive type semiconductor layer 140, the active layer
130, and the first conductive type second semiconductor
layer 122.
[0066] In the etching of the lateral surfaces of the sec-
ond conductive type semiconductor layer 140, the active
layer 130, and the first conductive type second semicon-
ductor layer 122, the second pattern 220 may be removed
to allow the first conductive type first semiconductor layer
121 to be etched while maintaining a predetermined
slope.
[0067] That is, in the embodiment, the first conductive
type first semiconductor layer 121 has a crystalline di-

rection different from those of the first conductive type
second semiconductor layer 122, the active layer 130,
and the second conductive type semiconductor layer
140, which will be formed later. Thus, the first conductive
type second semiconductor layer 122, the active layer
130, and the second conductive type semiconductor lay-
er 140 may be etched in a vertical pattern shape, and
the first conductive type first semiconductor layer 121
may be etched to remain at a predetermined  slope.
[0068] Referring to Fig. 11, a second electrode 150 is
formed on the second conductive type semiconductor
layer 140. For example, the second electrode layer 150
may include an ohmic contact layer (not shown), a re-
flective layer (not shown), a contact layer (not shown),
and a second substrate 160.
[0069] The first substrate 100 is removed. The first sub-
strate 100 may be separated using a high power laser or
removed using a chemical etching process.
[0070] A portion of the first conductive type second
semiconductor layer 122 is moved, and a first electrode
125 is formed on the first conductive type second semi-
conductor layer 122. A dry or wet etching process may
be performed on a top surface of the first conductive type
first semiconductor layer 121 to form a roughness in a
region except the first electrode 125.
[0071] According to the LED of this embodiment and
the method of fabricating the LED, a selective growth
process is utilized to grow a GaN-based material with a
low crystal defect in an LED structure, thereby providing
high internal efficiency, high reliability, and good current
spreading.
[0072] Also, a path of photons generated in the active
layer 130 due to a chip shape obtained by adjusting a
slope of a lateral surface may be reduced to improve light
extraction efficiency.
[0073] Also, the selective growth process may be per-
formed to obtain a  semiconductor layer having the low
crystal defect, reduce the number of isolation processes
for inter-chip isolation when a vertical type diode is fab-
ricated, and improve the light extraction efficiency.
[0074] Fig. 12 is a sectional view of an LED package
according to an other embodiment.
[0075] Referring to Fig. 12, an LED package according
to this embodiment includes a body 205, a third electrode
layer 211 and a fourth electrode layer 212 disposed in
the body 205, an LED 190, in accordance with the above
embodiment, disposed in the body 205 and electrically
connected to the third electrode layer 211 and the fourth
electrode layer 212, and a molding member 240 sur-
rounding the LED 190.
[0076] The body 205 may be formed of a silicon ma-
terial, a synthetic resin material, or a metal material. A
sloped surface may be disposed around the LED 190.
[0077] The third electrode layer 211 and the fourth
electrode layer 212 are electrically separated from each
other and supply a power to the LED 190. Also, the third
electrode layer 211 and the fourth electrode layer 212
may reflect light generated in the LED 190 to improve
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light efficiency. In addition, the third electrode layer 211
and the fourth electrode layer 212 may release heat gen-
erated in the LED 190 to the outside.
[0078] As an example, not forming part of the present
invention, the vertical type LED illustrated in Fig. 1 may
be applicable as the LED 190, but is not limited thereto.
For example, a lateral type LED may be applicable as
the LED 190.
[0079] The LED 190 may be disposed on the body 205
or on the third electrode layer 211 or the fourth electrode
layer 212.
[0080] The LED 190 may be electrically connected to
the third electrode layer 211  and/or the fourth electrode
layer 212 through a wire 230. In this embodiment, the
vertical type LED 190 in accordance with the above LED
embodiment is explained as an example, and one wire
230 may be used as an example.
[0081] The molding member 240 may surround the
LED 190 to protect the LED 190. Also, a phosphor may
be contained in the molding member 240 to vary a wave-
length of light emitted from the LED 190.
[0082] The LED package according to an embodiment
may be applicable to a lighting system. The lighting sys-
tem may include a lighting unit illustrated in Fig. 13 and
a backlight unit illustrated in Fig. 14. In addition, the light-
ing system may include traffic lights, a vehicle headlight,
and a sign.
[0083] Fig. 13 is a perspective view of a lighting unit
1100 according to an other embodiment.
[0084] Referring to Fig. 13, a lighting unit 1100 may
include a case body 1110, a light emitting module 1130
disposed in the case body 1110, and a connection ter-
minal 1120 disposed in the case body 1110 to receive a
power from an external power source.
[0085] The case body 1110 may be formed of a mate-
rial having an improved heat dissipation characteristic.
For example, the case body 1110 may be formed of a
metal material or resin material.
[0086] The light emitting module 1130 may include a
substrate 1132 and at least one LED package 200 mount-
ed on the substrate 1132.
[0087] A circuit pattern may be printed on an insulation
material to form the substrate 1132. For example, the
substrate 1132 may include a printed circuit board (PCB),
a metal core PCB, a flexible PCB, or a ceramic PCB.
[0088] Also, the substrate 1132 may be formed of a
material that can effectively reflect light. A surface of the
substrate 1132 may be coated with a colored material,
e.g., a white or silver-colored material by which light is
effectively reflected.
[0089] The at least one LED package 200 may be
mounted on the substrate 1132. The LED package 200
may include at least one light emitting diode . The light
emitting diode 100 may include a colored light emitting
diode that emits red, green, blue, or white light and an
UV light emitting diode that emits ultraviolet (UV) light.
[0090] The light emitting module 1130 may include a
plurality of light emitting diode packages 200 to obtain

various colors and brightness. For example, a white LED,
a red LED, and a green LED may be disposed in combi-
nation with each other to secure a high color rendering
index (CRI).
[0091] The connection terminal 1120 may be electri-
cally connected to the light emitting module 1130 to sup-
ply a power. As shown in Fig. 13, although the connection
terminal 1120 is screw-inserted into an external power
source in a socket manner, the present disclosure is not
limited thereto. For example, the connection terminal
1120 may have a pin shape. Thus, the connection termi-
nal 1120 may be inserted into the external power source
or connected to the external power using an interconnec-
tion.
[0092] Fig. 14 is an exploded perspective view of a
backlight unit 1200 according to an other embodiment.
[0093] A backlight unit 1200 according to an embodi-
ment may include a light guide plate 1210, a light emitting
module 1240, a reflective member 1220, and a bottom
cover 1230, but is not limited thereto. The light emitting
module 1240 may provide light to the light guide plate
1210. The reflective member 1220 may be disposed be-
low the light guide plate 1210. The bottom cover 1230
may receive the light guide plate 1210, the light emitting
module 1240, and the reflective member 1220.
[0094] The light guide plate 1210 diffuses light to pro-
duce planar light. The light guide plate 1210 may be
formed of a transparent material. For example, the light
guide plate 1210 may be formed of one of an acrylic resin-
based material such as polymethylmethacrylate (PM-
MA), a polyethylene terephthalate (PET) resin, a poly
carbonate (PC) resin, a cyclic olefin copolymer (COC)
resin, and a polyethylene naphthalate (PEN) resin.
[0095] The light emitting module 1240 provides light to
at least one surface of the light guide plate 1210. Thus,
the light emitting module 1240 may be used as a light
source of a display device including the backlight unit.
[0096] The light emitting module 1240 may contact the
light guide plate 1210, but is not limited thereto. In par-
ticular, the light emitting module 1240 may include a sub-
strate 1242 and a plurality of light emitting diode pack-
ages 200 mounted on the substrate 1242. The substrate
1242 may contact the light guide plate 1210, but is not
limited thereto.
[0097] The substrate 1242 may be a PCB including a
circuit pattern (not shown). However, the substrate 1242
may include a metal core PCB (MCPCB) or a flexible
PCB (FPCB) as well as the PCB, but is not limited thereto.
[0098] A light emitting surface of each of the plurality
of light emitting diode packages 200 may be spaced a
predetermined distance from the light guide plate 1210.
[0099] The reflective member 1220 may be disposed
below the light guide plate 1210. The reflective member
1220 reflects light incident onto a bottom surface of the
light guide plate 1210 to proceed in an upward direction,
thereby improving brightness of the backlight unit. For
example, the reflective member 1220 may be formed of
one of PET, PC, and PVC resin, but is not limited thereto.
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[0100] The bottom cover 1230 may receive the light
guide plate 1210, the light emitting module 1240, and the
reflective member 1220. For this, the bottom cover 1230
may have a box shape with an opened upper side, but
is not limited thereto.
[0101] The bottom cover 1230 may be formed of a met-
al material or a resin material. Also, the bottom cover
1230 may be manufactured using a press forming proc-
ess or an extrusion molding process.
[0102] Any reference in this specification to "one em-
bodiment," "an embodiment," "the embodiment," etc.,
means that a particular feature, structure, or character-
istic described in connection with the embodiment is in-
cluded in at least one embodiment of the invention. The
appearances of such phrases in various places in the
specification are not necessarily all referring to the same
embodiment. Further, when a particular feature, struc-
ture, or characteristic is described in connection with any
embodiment, it is submitted that it is within the purview
of one skilled in the art to effect such feature, structure,
or characteristic in connection with other ones of the em-
bodiments.
[0103] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of this dis-
closure as set out by the appended claims. More partic-
ularly, various variations and modifications are possible
in the component parts and/or arrangements of the sub-
ject combination arrangement within the scope of the dis-
closure and the drawings, as set out by the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses
will also be apparent to those skilled in the art.

Claims

1. A light emitting diode (LED) comprising:

a first semiconductor layer (122);
an active layer (130) adjacent to the first semi-
conductor layer;
a second semiconductor layer (140) adjacent to
the active layer, the first semiconductor layer
(122) being of a first conductivity type and the
second semiconductor layer (140) being of a
second conductivity type; and
a third semiconductor layer (121) adjacent to the
first semiconductor layer, the third semiconduc-
tor layer (121) being of the first conductivity type,
the third semiconductor layer, the first semicon-
ductor layer, the active layer and the second
semiconductor layer being formed in a first di-
rection,
the third semiconductor layer (121) having a pla-
nar surface in a second direction and facing the

first semiconductor layer,
the third semiconductor layer (121) having at
least one side surface which is inclined, and an
angle of inclination of the at least one side sur-
face of the third semiconductor layer is between
the first direction and the second direction, at
least one of the first semiconductor layer, the
active layer, or the second semiconductor layer
having a side surface with an angle of inclination
which is greater than the angle of inclination of
the at least one side surface of the third semi-
conductor layer, and
the first and second directions are perpendicular
to each other,
characterized in that the third semiconductor
layer (121) has a crystalline direction different
from those of the first semiconductor layer (122),
the active layer (130) and the second semicon-
ductor layer (140)
and in that a recess is formed in the third sem-
iconductor layer, and a first electrode (125) is
provided in the recess, wherein the recess ex-
tends into the first semiconductor layer.

2. The LED of claim 1, wherein the at least one side
surface is a uniform surface or non-uniform surface.

3. The LED of claim 1, wherein the third semiconductor
layer (121) has a width greater than the first semi-
conductor layer (122).

4. The LED of claim 1, wherein the height of the recess
is greater than a thickness of the first electrode (125).

5. The LED of claim 1, comprising a second electrode
(150) adjacent to the second semiconductor layer
(140).

6. The LED of claim 5, wherein the second electrode
(150) comprises at least one  of an ohmic layer, a
reflective layer, and a coupling layer.

7. The LED of claim 6, wherein the second electrode
(150) is formed of at least one of ITO, IZO(In-ZnO),
GZO(Ga-ZnO), AZO(Al-ZnO), AGZO(Al-Ga ZnO),
IGZO(In-Ga ZnO), IrOx, RuOx, RuOx/ITO, Ni/
IrOx/Au, and Ni/IrOx/Au/ITO.

8. A light emitting diode (LED) package including the
LED of any one of the preceding claims, and includ-
ing a package body to house the LED.

9. A lighting system including a light emitting module
having the light emitting diode (LED) package of
claim 8.
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Patentansprüche

1. Lichtemittierende Diode (LED), umfassend:

eine erste Halbleiterschicht (122);
eine aktive Schicht (130), angrenzend an die er-
ste Halbleiterschicht;
eine zweite Halbleiterschicht (140), angrenzend
an die aktive Schicht, wobei die erste Halblei-
terschicht (122) von einem ersten Leitfähigkeits-
typ und die zweite Halbleiterschicht (140) von
einem zweiten Leitfähigkeitstyp ist; und
eine dritte Halbleiterschicht (121), angrenzend
an die erste Halbleiterschicht, wobei die dritte
Halbleiterschicht (121) vom ersten Leitfähig-
keitstyp ist,
die dritte Halbleiterschicht, die erste Halbleiter-
schicht, die aktive Schicht und die zweite Halb-
leiterschicht in einer ersten Richtung gebildet
sind,
wobei die dritte Halbleiterschicht (121) eine pla-
nare Fläche in einer zweiten Richtung hat und
der ersten Halbleiterschicht gegenüberliegt,
wobei die dritte Halbleiterschicht (121) minde-
stens eine Seitenfläche hat, die geneigt ist, und
ein Neigungswinkel der mindestens einen Sei-
tenfläche der dritten Halbleiterschicht zwischen
der ersten Richtung und der zweiten Richtung
liegt, mindestens ein Element aus der ersten
Halbleiterschicht, der aktiven Schicht oder der
zweiten Halbleiterschicht eine Seitenfläche mit
einem Neigungswinkel hat, der größer als der
Neigungswinkel der mindestens einen Seiten-
fläche der dritten Halbleiterschicht ist, und
die erste und zweite Richtung senkrecht zuein-
ander liegen,
dadurch gekennzeichnet, dass die dritte Halb-
leiterschicht (121) eine Kristallrichtung hat, die
sich von der der ersten Halbleiterschicht (122),
der aktiven Schicht (130) und der zweiten Halb-
leiterschicht (140) unterscheidet,
und darin, dass eine Vertiefung in der dritten
Halbleiterschicht gebildet ist, und eine erste
Elektrode (125) in der Vertiefung gebildet ist,
wobei die Vertiefung sich in die erste Halbleiter-
schicht hinein erstreckt.

2. LED nach Anspruch 1, wobei die mindestens eine
Seitenfläche eine gleichförmige Fläche oder eine un-
gleichförmige Fläche ist.

3. LED nach Anspruch 1, wobei die dritte Halbleiter-
schicht (121) eine größere Breite als die erste Halb-
leiterschicht (122) hat.

4. LED nach Anspruch 1, wobei die Höhe der Vertie-
fung größer als eine Dicke der ersten Elektrode (125)
ist.

5. LED nach Anspruch 1, die eine zweite Elektrode
(150), angrenzend an die zweite Halbleiterschicht
(140), umfasst.

6. LED nach Anspruch 5, wobei die zweite Elektrode
(150) mindestens ein Element aus einer ohmschen
Schicht, einer reflektierenden Schicht und einer  Ver-
bindungsschicht umfasst.

7. LED nach Anspruch 6, wobei die zweite Elektrode
(150) aus mindestens einem Element aus ITO, IZO
(In-ZnO), GZO(Ga-ZnO), AZO(Al-ZnO), AGZO(Al-
Ga ZnO), IGZO(In-Ga ZnO), IrOx, RuOx, RuOx/ITO,
Ni/IrOx/Au und Ni/IrOx/Au/ITO gebildet wird.

8. Gehäuse für lichtemittierende Diode (LED), das die
LED nach einem der vorherigen Ansprüche umfasst
und einen Gehäusekörper zur Aufnahme der LED
umfasst.

9. Beleuchtungssystem, das ein lichtemittierendes Mo-
dul umfasst, welches das Gehäuse der lichtemittie-
renden Diode (LED) nach Anspruch 8 enthält.

Revendications

1. Diode électroluminescente (DEL), comprenant :

une première couche semi-conductrice (122) ;
une couche active (130) adjacente à la première
couche semi-conductrice ;
une deuxième couche semi-conductrice (140)
adjacente à la couche active, la première cou-
che semi-conductrice (122) étant d’un premier
type de conductivité et la deuxième couche
semi-conductrice (140) étant d’un deuxième ty-
pe de conductivité ; et
une troisième couche semi-conductrice (121)
adjacente à la première couche semi-conductri-
ce, la troisième couche semi-conductrice (121)
étant du premier type de conductivité,
la troisième couche semi-conductrice, la pre-
mière couche semi-conductrice, la couche acti-
ve et la deuxième couche semi-conductrice
étant formées dans une première direction,
la troisième couche semi-conductrice (121)
ayant une surface plane dans une deuxième di-
rection et faisant face à la première couche
semi-conductrice,
la troisième couche semi-conductrice (121)
ayant au moins une surface latérale qui est in-
clinée, et un angle d’inclinaison de l’au moins
une surface latérale de la troisième couche
semi-conductrice étant entre la première direc-
tion et la deuxième direction, au moins une cou-
che parmi la première couche semi-conductrice,
la couche active, ou la deuxième couche semi-

13 14 



EP 2 230 699 B1

9

5

10

15

20

25

30

35

40

45

50

55

conductrice ayant une surface latérale avec un
angle d’inclinaison qui est supérieur à l’angle
d’inclinaison de l’au moins une surface latérale
de la troisième couche semi-conductrice, et
les première et deuxième directions étant per-
pendiculaires l’une à l’autre,
caractérisée en ce que la troisième couche
semi-conductrice (121) a une direction cristalli-
ne différente de celles de la première couche
semi-conductrice (122), de la couche active
(130) et de la deuxième couche semi-conduc-
trice (140)
et en ce qu’un évidement est formé dans la troi-
sième couche semi-conductrice, et une premiè-
re électrode (125) est prévue dans l’évidement,
l’évidement s’étendant dans la première couche
semi-conductrice.

2. DEL selon la revendication 1, dans laquelle l’au
moins une surface latérale est une surface uniforme
ou une surface non uniforme.

3. DEL selon la revendication 1, dans laquelle la troi-
sième couche semi-conductrice (121) a une largeur
plus importante que la première couche semi-con-
ductrice (122).

4. DEL selon la revendication 1, dans laquelle la hau-
teur de l’évidement est supérieure à l’épaisseur de
la première électrode (125).

5. DEL selon la revendication 1, comprenant une
deuxième électrode (150) adjacente à la deuxième
couche semi-conductrice (140).

6. DEL selon la revendication 5, dans laquelle la
deuxième électrode (150) comprend au moins une
couche parmi une couche ohmique, une couche ré-
fléchissante, et une couche de couplage.

7. DEL selon la revendication 6, dans laquelle la
deuxième électrode (150) est formée d’au moins un
parmi ITO, IZO (In-ZnO), GZO (Ga-ZnO), AZO (Al-
ZnO), AGZO (Al-Ga ZnO), IGZO (In-Ga ZnO), IrOx,
RuOx, RuOx/ITO, Ni/IrOx/Au, et Ni/IrOx/Au/ITO.

8. Ensemble à diode électroluminescente (DEL), com-
prenant une DEL selon une quelconque des reven-
dications précédentes, et comprenant un corps d’en-
semble pour loger la DEL.

9. Système d’éclairage comprenant un module électro-
luminescent ayant un ensemble à diode électrolumi-
nescente (DEL) selon la revendication 8.
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