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(54) Light emiting device, light emitting device package and illumination system

(57) A light emitting device is provided. The light emit-
ting device includes a first semiconductor layer, an une-
ven part on the first semiconductor layer, a first noncon-
ductive layer including a plurality of clusters on the une-
ven part, a first substrate layer on the nonconductive lay-

er, and a light emitting structure layer. The light emitting
structure layer includes a first conductive type semicon-
ductor layer, an active layer and a second conductive
type semiconductor layer on the first substrate layer.
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Description

BACKGROUND

[0001] The present disclosure relates to a light emitting
device, light emitting device package, and an illumination
system provided with them.
[0002] Group III-V nitride semiconductors have been
widely used as the core materials of light emitting devices
such as Light Emitting Diodes (LED) and Laser Diodes
(LD), in physical and chemical characteristics. The group
III-V nitride semiconductors consist of semiconductor
materials having the composition equation of
InXAlyGa1-X-yN (where 0≤x≤1, 0≤y≤1, and 0≤x+y≤1).
[0003] The LED is a sort of semiconductor device that
changes electricity into infrared rays or light by using the
characteristics of compound semiconductors to input/
output a signal, or is used as a light source.
[0004] The LED or the LD with nitride semiconductor
materials is much applied to the light emitting devices for
obtaining light. For example, the LED or the LD is applied
as the light sources of all sorts of products such as the
light emitting portions of the key pads of cellular phones,
electronic display boards and lighting devices.

SUMMARY

[0005] Embodiments provide a light emitting device
capable of reducing dislocation in a semiconductor layer.
[0006] Embodiments provide a light emitting device
having structure layers for reducing dislocation between
a substrate and an active layer.
[0007] Embodiments provide a light emitting device,
and a light emitting device package and an illumination
system provided with the same.
[0008] In one embodiment, a light emitting device com-
prises a first semiconductor layer; an uneven part on the
first semiconductor layer; a first nonconductive layer in-
cluding a plurality of clusters on the uneven part; a first
substrate layer on the nonconductive layer; and a light
emitting structure layer including a first conductive type
semiconductor layer, an active layer and a second con-
ductive type semiconductor layer on the first substrate
layer.
[0009] In another embodiment, a light emitting device
comprises a first semiconductor layer including an une-
ven part; a discontinuous nonconductive layer on the un-
even part of the first semiconductor layer; a substrate
layer including an uneven structure on the nonconductive
layer; and a light emitting structure layer including a plu-
rality of compound semiconductor layers on the substrate
layer, wherein lattice constant difference between the
substrate layer and nitride semiconductor is equal to or
lower than about 5%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a side-sectional view illustrating a light

emitting device according to a first embodiment.
[0011] Figs. 2 to 6 are diagrams illustrating a method
for fabricating the light emitting device according to the
first embodiment.
[0012] Fig. 7 is a diagram illustrating a light emitting
device having a lateral electrode structure and using the
embodiment illustrated in Fig. 1.
[0013] Fig. 8 is a diagram illustrating a light emitting
device having a vertical electrode structure and using the
embodiment illustrated in Fig. 1.
[0014] Fig. 9 is a diagram illustrating another light emit-
ting device having the vertical electrode structure.
[0015] Fig. 10 is a side-sectional view illustrating a light
emitting device according to a second embodiment.
[0016] Fig. 11 is a side-sectional view illustrating a light
emitting device package according to an embodiment.
[0017] Fig. 12 is a diagram illustrating a display device
according to an embodiment.
[0018] Fig. 13 is a diagram illustrating another display
device according to an embodiment.
[0019] Fig. 14 is a diagram illustrating an illumination
device according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] In the descriptions of embodiments, it will be
understood that when a layer (or film), a region, a pattern,
or a structure is referred to as being ’on’ substrate, each
layer (or film), a region, a pad, or patterns, it can be di-
rectly on substrate each layer (or film), the region, the
pad, or the patterns, or intervening layers may also be
present. Further, it will be understood that when a layer
is referred to as being ’under’ each layer (film), the region,
the pattern, or the structure, it can be directly under an-
other layer (film), another region, another pad, or another
patterns, or one or more intervening layers may also be
present.
[0021] A dimension of each of elements may be exag-
gerated for clarity of illustration, and the dimension of
each of the elements may be different from an actual
dimension of each of the elements.
[0022] Hereinafter, embodiments will be described
with reference to the accompanying drawings.
[0023] Fig. 1 is a diagram illustrating a light emitting
device according to a first embodiment.
[0024] Referring to Fig. 1, a light emitting device 100
includes a substrate 101, a buffer layer 103, a first sem-
iconductor layer 105, an uneven part 107, a nonconduc-
tive layer 112, a substrate layer 114, a first conductive
type semiconductor layer 120, an active layer 122, and
a second conductive type semiconductor layer 124.
[0025] At least one of sapphire (A1203), SiC, Si, GaAs,
GaN, ZnO, Si, GaP, InP, Ge, and Ga203 may be used
for the substrate 101. An uneven pattern may be formed
on an upper surface of the substrate 101. The uneven
pattern may be formed by etching the substrate or by
using special material.
[0026] The buffer layer 103 is formed on the substrate
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101. The buffer layer 103 may be formed for reducing a
lattice constant difference between the substrate 101 and
a nitride semiconductor. The buffer layer 103 may be
formed in a layer or pattern using, e.g., group II to VI
compound semiconductor. Preferably, the buffer layer
103 may include group III-V compound semiconductor,
e.g., at least one selected from a group of GaN, InN, A1N,
InGaN, AlGaN, InAlGaN, and AlInN. The buffer layer 103
may also be formed with oxide such as a ZnO layer, or
it may not be formed; however, it is not limited to this.
[0027] The first semiconductor layer 105 may be
formed on the substrate 101 or the buffer layer 103. The
first semiconductor layer 105 may be formed for improv-
ing crystallinity of a semiconductor layer.
[0028] The first semiconductor layer 105 includes
semiconductor material having a composition equation
of InxAlyGa1-x-yN (0≤x≤1, 0≤y≤1, O≤x+y≤1) using group
III-V compound semiconductor.
[0029] The first semiconductor layer 105 may be
formed in an undoped semiconductor layer or a first con-
ductive type semiconductor layer. The undoped semi-
conductor layer is, e.g., an undoped nitride-based sem-
iconductor, where conductive dopant is not doped inten-
tionally. The undoped semiconductor layer has a notice-
ably lower conductivity than that of the first conductive
type semiconductor layer. For instance, the undoped
semiconductor layer may be an undoped GaN layer and
may have characteristics of the first conductive type. The
first conductive type semiconductor layer may include a
semiconductor doped with the first conductive dopant,
e.g., at least one of GaN, InN, A1N, InGaN, AlGaN, In-
AlGaN, and AlInN. Hereinafter, for convenience of ex-
planation, it is assumed that the first semiconductor layer
105 is the undoped semiconductor layer.
[0030] The uneven part 107 is formed on the first sem-
iconductor layer 105. The uneven part 107 includes the
semiconductor material having the composition equation
of InxAlyGa1-x-yN (O≤x≤1, 0≤y≤1, 0≤x+y≤1) using group
III-V compound semiconductor. The uneven part 107
may be formed with the same material as the first sem-
iconductor layer 105. The uneven part 107 includes at
least one of structures of unevenness, roughness, and
texture and may include a regular or irregular size.
[0031] At the uneven part 107, concave parts and con-
vex parts are alternately arranged. A plurality of the con-
cave parts may be formed in a rod shape or such a shape
whose lower width is larger than its upper width, e.g., a
truncated cone or polygonal shape. At the convex parts
of the uneven part 107, substantially flat upper surfaces
are formed at predetermined intervals. There may be no
flat section at the concave part.
[0032] The convex parts may be discontinuously ar-
ranged on the first semiconductor layer 105 being sep-
arated from each other.
[0033] The uneven part 107 may be formed with the
semiconductor doped with the first conductive dopant or
the undoped nitride-based semiconductor.
[0034] The nonconductive layer 112 is formed on the

uneven part 107, and the substrate layer 114 is formed
on the nonconductive layer 112.
[0035] The nonconductive layer 112 is a mask layer
whose resistance is larger than that of the uneven part
107 or the undoped semiconductor layer. The noncon-
ductive layer 112 may be formed in an irregular cluster
form and, e.g., may be formed with MgN, SiN, or ZnN.
[0036] The nonconductive layer 112 is formed in dis-
continuous clusters, and each cluster has a random
shape and a random size and may be formed to a diam-
eter of more than several angstroms.
[0037] The substrate layer 114 may be embodied as
a conductive layer, an insulating layer, or a nonconduc-
tive layer and is formed on the nonconductive layer 112.
Herein, a part 114A of the substrate layer 114 may be
contacted on the uneven part 107 through a gap of the
nonconductive layer 112. The substrate layer 114 may
be layered as an uneven shape on the nonconductive
layer 112.
[0038] The substrate layer 114 is substrate material
where the nitride semiconductor may be grown. The sub-
strate layer 114 may be embodied as carbon-containing
material or silicon-based semiconductor whose lattice
constant is almost similar to that of the nitride semicon-
ductor. The substrate layer 114 may be formed with dif-
ferent material from the nitride semiconductor, e.g., sili-
con carbide (SiC) layer. Herein, GaN has the lattice con-
stant of a = about 3.189Å and c = about 5.185Å . The
lattice constant difference between SiC and the nitride
semiconductor is lower than at least about 1 or about 5%.
[0039] A thickness of the silicon carbide (SiC) layer
may range from about 5Å to about 500Å. The silicon car-
bide (SiC) layer may include the first conductive dopant.
The first conductive dopant is N-type dopant and may
include Si, Ge, Sn, Se, and Te. Doping concentration of
this dopant is not limited.
[0040] The silicon carbide layer may be embodied with
carbon-containing material, e.g., silicon carbon nitride
(SiCN) layer or carbon nitride (CN) layer. The substrate
layer 114 may also be embodied with silicon nitride group,
e.g., SiN.
[0041] The nonconductive layer 112 and the substrate
layer 114 may be alternately layered. A layering period
of the nonconductive layer 112 and the substrate layer
114 is equal to or lower than 20 periods, wherein a thick-
ness of one period may range from about 1nm to about
100nm. In the layered structure of the nonconductive lay-
er 112 and the substrate layer 114, the substrate layer
114 usable as semiconductor layer is disposed as an
uppermost layer.
[0042] The dislocation occurs due to the lattice con-
stant difference between the substrate 101 and the nitride
semiconductor layer. The dislocation is transferred
through the buffer layer 103 and the first semiconductor
layer 105.
[0043] Since the convex parts of the uneven part 107
are separated from each other, there is an effect of re-
ducing substantial contact area. Accordingly, the number
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of dislocations which exist at the uneven part 107 may
be reduced than that of dislocations which exist at the
first semiconductor layer 105. The uneven part 107 may
reduce the dislocation transferred through the first sem-
iconductor layer 105. Therefore, the first conductive type
semiconductor layer 120 has a lower dislocation density
than that of the first semiconductor layer 105.
[0044] The nonconductive layer 112 may again reduce
the dislocation ascending through the uneven part 107.
The nonconductive layer 112 may suppress the disloca-
tion transferred from the uneven part 107 by using a re-
sistance difference with the uneven part 107.
[0045] If the layering period of the nonconductive layer
112 and the substrate layer 114 is 2 or more, the dislo-
cation may be more suppressed. Accordingly, a surface
of the semiconductor layer on the substrate layer 114
may be formed in a thin film without crack.
[0046] The first conductive type semiconductor layer
120 may be formed on the nonconductive layer 112. The
first conductive type semiconductor layer 120 may in-
clude, e.g., the composition equation of InxAlyGa1-x-yN
(0≤x≤1, 0≤y≤1, 0≤x+y≤1) of group III-V compound sem-
iconductor doped with the first dopant.
[0047] The first conductive type semiconductor layer
120 has a thickness of more than about 3 Pm and may
be formed in a single layer or multi layers. The dopant
concentration of the first conductive type semiconductor
layer 120 may be higher than that of the undoped sem-
iconductor layer.
[0048] The first conductive type semiconductor layer
120 includes N-type semiconductor layer, and the first
conductive dopant includes N-type dopant such as Si,
Ge, Sn, Se, and Te.
[0049] The active layer 122 is formed on the first con-
ductive type semiconductor layer 120. The active layer
122 may be formed in a single quantum well structure, a
multi-quantum well structure, a quantum wire structure,
or a quantum dot structure. The active layer 122 may be
formed in a period of a well layer and a barrier layer using
group III-V compound semiconductor material. For in-
stance, the active layer 122 may be formed in a period
of InGaN well layer/GaN barrier layer, a period of InGaN
well layer/A1GaN barrier layer, and a period of InGaN
well layer/InGaN barrier layer; however, there is no limit
for this. A band gap of the barrier layer may be higher
than that of the well layer.
[0050] A conductive clad layer may be formed on
or/and under the active layer 122. The conductive clad
layer may be formed with GaN-based semiconductor lay-
er. The band gap of the conductive clad layer may be
higher than that of the barrier layer.
[0051] The second conductive type semiconductor
layer 124 is formed on the active layer 122. The second
conductive type semiconductor layer 124 may be select-
ed from group III-V compound semiconductors doped
with second conductive dopant, e.g., GaN, A1N, AlGaN,
InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP, GaAs,
GaAsP, and A1Ga1nP. In the case that the second con-

ductive type is P-type semiconductor, the second con-
ductive dopant includes P-type dopant such as Mg and
Zn. The second conductive type semiconductor layer 124
may be formed in a single layer or multi layers, and it is
not limited to this.
[0052] According to the embodiment, since the dislo-
cation is suppressed by using the uneven part 107, the
nonconductive layer 112, and the substrate layer 114
disposed under the first conductive type semiconductor
layer 120, the first conductive type semiconductor layer
120, the active layer 122, and the second conductive type
semiconductor layer 124 may be formed in thin films with-
out crack. The crack-free thin layer are capable of pre-
venting current concentration so that the device may be
protected from electrostatic discharge (ESD). The crys-
tallinity of the semiconductor layer is also improved so
that internal quantum efficiency and external quantum
efficiency may be improved.
[0053] A lower part of the first conductive type semi-
conductor layer 120 may be formed in a rough structure
along the uneven surface of the substrate layer 114. The
rough structure may improve light extraction efficiency.
[0054] The first conductive type semiconductor layer
120 may be formed with P-type semiconductor layer, and
the second conductive type semiconductor layer 124
may be formed with N-type semiconductor layer. On the
second conductive type semiconductor layer 124, the N-
type semiconductor layer having opposite polarity from
the second conductive type may be formed. In the light
emitting device 100, the first conductive type semicon-
ductor layer 120, the active layer 122, and the second
conductive type semiconductor layer 124 may be defined
as a light emitting structure layer. The light emitting struc-
ture layer may be embodied as one of structures ofN-P
junction, P-N junction, N-P-N junction, and P-N-P junc-
tion.
[0055] At least one of a transparent electrode layer (not
illustrated), a reflection electrode layer, and an electrode
may be formed on the light emitting structure layer. The
transparent electrode layer may be formed with material
including transparent oxide or metal on the second con-
ductive type semiconductor layer 124. For instance, the
transparent electrode layer may be formed in a single
layer or multi layers using one or more of indium tin oxide
(ITO), indium zinc oxide (IZO), indium zinc tin oxide (IZ-
TO), indium aluminum zinc oxide (IAZO), indium gallium
zinc oxide (IGZO), indium gallium tin oxide (IGTO), alu-
minum zinc oxide (AZO), antimony tin oxide (ATO), gal-
lium zinc oxide (GZO), IrOx, RuOx, RuOx/ITO, Ni, Ag,
Ni/IrOx/Au, and Ni/IrOx/Au/ITO.
[0056] The reflection electrode layer may be formed
with material composed of Ag, Ni, Al, Rh, Pd, Ir, Ru, Mg,
Zn, Pt, Au, and Hf and their selective combination on the
light emitting structure layer. The electrode may include
at least one from a group of Ti, Al, In, Ta, Pd, Co, Ni, Si,
Ge, Ag, and Au. The electrode may include an electrode
pad and may further include a current diffusion pattern.
[0057] The light emitting device 100 is capable of sup-
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pressing the dislocation generated due to lattice mis-
match with the substrate by the layered structure of the
nonconductive layer 112 and the substrate layer 114.
The light emitting device 100 is also capable of improving
the crystallinity of the semiconductor layers according to
growth of nitride semiconductor layer and the light ex-
traction efficiency.
[0058] Figs. 2 to 6 are diagrams illustrating a method
for fabricating the light emitting device according to the
first embodiment.
[0059] Referring to Fig. 2, the substrate 101 is loaded
on growth equipment, and a plurality of compound sem-
iconductor layers are layered on the substrate 101.
[0060] The growth equipment may include electron
beam evaporator, Physical Vapor Deposition (PVD),
Chemical Vapor Deposition (CVD), Plasma Laser Dep-
osition (PLD), dual-type thermal evaporator sputtering,
Metal Organic Chemical Vapor Deposition (MOCVD) and
the like, and the growth equipment is not limited to the
listed equipment.
[0061] At least one of sapphire (A12O3), SiC, Si, GaAs,
GaN, ZnO, Si, GaP, InP, Ge, and Ga2O3 may be used
for the substrate 101. The uneven pattern may be formed
on the upper surface of the substrate 101. The uneven
pattern may be forming by etching the substrate 101 or
may be formed in an optical extraction structure such as
roughness structure with special material.
[0062] The buffer layer 103 may be formed on the sub-
strate 101 and may be formed in a layer or pattern using
group II to VI compound semiconductor. The buffer layer
103 may not be formed, and it is not limited whether to
form the buffer layer 103.
[0063] The first semiconductor layer 105 may be
formed on the substrate 101 or the buffer layer 103. The
first semiconductor layer 105 may be formed with the
undoped semiconductor using group III-V compound
semiconductor or the N-type semiconductor layer. The
undoped semiconductor is, e.g., the nitride-based sem-
iconductor, and is not doped with the conductive dopant
intentionally. The N-type semiconductor may be formed
with the semiconductor doped with the first conductive
dopant.
[0064] In the case that the first semiconductor layer
105 is, e.g., the undoped GaN, it is formed to a prede-
termined thickness by supplying NH3 and TMGa (or TE-
Ga) at a first growth temperature (e.g., from about 500°C
to about 900°C).
[0065] Referring to Fig. 3, the uneven part 107 is
formed on the first semiconductor layer 105. The uneven
part 107 may include the semiconductor using group III-
V compound semiconductor. The uneven part 107 may
be embodied with the semiconductor layer doped with
the first conductive dopant or the undoped semiconduc-
tor layer. The first semiconductor layer 105 and the un-
even part 107 may be formed with the undoped semi-
conductor layer.
[0066] The convex part of the uneven part 107 may be
formed in, e.g., random rod shape, cone or polygonal

shape.
[0067] In the case that the uneven part 107 is, e.g., the
undoped GaN, it is formed to a predetermined thickness
by supplying NH3 and TMGa (or TEGa) at a second
growth temperature (e.g., from about 200°C to about
600°C) lower than the first growth temperature. Herein,
the second growth temperature may be lower than the
first growth temperature by, e.g., from about 300°C to
about 500°C. Through this low temperature growth, the
convex parts of the uneven part 107 may be separated
from each other. Herein, although the uneven part 107
is formed by condition of lowering temperature in the em-
bodiment, the convex parts whose upper parts are dis-
continuous may be formed by adjusting conditions such
as increasing growth pressure or increasing flux of Ga.
[0068] The lower width of the convex part of the uneven
part 107 is larger than its upper width, and the convex
part may be formed in a circle or polygon shape from a
top view. The convex part of the uneven part 107 may
include the flat section.
[0069] Referring to Fig. 4, the plurality of nonconduc-
tive parts 112 are formed on the uneven part 107.
[0070] The nonconductive parts 112 may be formed in
the plurality of clusters shape or discontinuous structures
having random shapes and sizes. The nonconductive
layer 112 may be formed with nonconductor including
the first conductive dopant or the second conductive do-
pant. For instance, the nonconductive layer 112 may be
formed with MgN, SiN, and ZnN. A hole 112A is formed
between the nonconductive layer 112. Through the hole
112A, a part of the uneven part 107 may be exposed.
[0071] Referring to Figs. 4 and 5, the substrate layer
114 may be formed on the nonconductive layer 112.
[0072] The substrate layer 114 may be formed with
material whose lattice constant difference from the nitride
semiconductor is at most about 1 (i.e., below about 5%).
Herein, GaN has the lattice constant of a = about 3.189Å
and c = about 5.185Å.
[0073] The substrate layer 114 may be formed with,
e.g., ceramic-based semiconductor or silicon-based
semiconductor. For instance, the substrate layer 114
may be formed with SiC. For another example, the sub-
strate layer 114 may have conductive, nonconductive, or
insulating characteristics. Since the substrate layer 114
is provided as a seed layer of a thin film, it is economically
advantageous in comparison with using expensive SiC
substrate.
[0074] The part 114A of the substrate layer 114 may
be extended through the nonconductive layer 112 and
contacted on the uneven part 107.
[0075] The nonconductive layer 112 and the substrate
layer 114 may be formed at the growth temperature sub-
stantially ranging from about 500°C to about 1000°C. In
the case of growing the nonconductive layer 112 with
MgN, it may be grown to a thickness of more than several
angstroms by supplying dopant source including NH3
and Mg. In the case that the substrate 114 is SiC, it may
be formed by reaction of silicon and carbon in the evap-
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orator. SiH3, Si2H6, and DTBSi may be used as the silicon
material, and CBr4 or CxHy may be used as the carbon
material. A thickness of the SiC layer may range from
about 5Å to about 500Å. The silicon carbide layer may
be doped with the first conductive dopant. However, such
doping concentration, thickness, and growth tempera-
ture may be varied. The silicon carbide layer may also
be embodied with another material, e.g., carbon-contain-
ing material such as silicon carbon nitride (SiCN) or car-
bon nitride (CN).
[0076] The nonconductive layer 112 is highly noncon-
ductive in comparison with the uneven part 107 and may
suppress the dislocation ascending from the first semi-
conductor layer 105.
[0077] A pair of the nonconductive layer 112 and the
substrate layer 114 may be grown to from at least 1 period
to 20 periods. Herein, a thickness of one period may
range from about 1nm to about 100nm. In the layered
structure of the nonconductive layer 112 and the sub-
strate layer 114, the substrate layer 114 whose combin-
ing strength with the nitride semiconductor layer is rela-
tively better may be disposed as the uppermost layer.
[0078] The uneven part 107 may reduce the disloca-
tion ascending from the first semiconductor layer 105 un-
der the uneven part 107, and the nonconductive layer
112 may again reduce the dislocation ascending through
the uneven part 107. That is, the uneven part 107 may
reduce an area where the dislocation may ascend by the
rod shape, and the nonconductive layer 112 may almost
completely cut off the dislocation because the noncon-
ductive layer 112 is formed in the cluster shape on the
uneven part 107.
[0079] Since the cluster having high resistance is dis-
continuously formed to a random shape as the noncon-
ductive layer 112 on the uneven part 107, the dislocation
generated due to the lattice constant mismatch between
the substrate 101 and the nitride semiconductor may be
reduced. The random shape may include a polyhedral
shape. Herein, the substrate layer 114 formed on the
nonconductive layer 112 may be contacted to the layer
under the nonconductive layer 112.
[0080] In the case that the pair of the nonconductive
layer 112 and the substrate layer 114 is formed to several
periods, the dislocation may be more suppressed. The
semiconductor layer surface on the substrate layer 114
may be formed in the crack-free thin film.
[0081] The semiconductor layer may be grown on the
substrate layer 114. For instance, one of buffer layer,
undoped semiconductor layer, and first conductive type
semiconductor layer may be formed in the semiconductor
layer using group III-V semiconductor. Hereinafter, for
convenience of explanation, it is assumed that the first
conductive type semiconductor layer is formed on the
substrate layer 114.
[0082] Referring to Fig. 6, the first conductive type
semiconductor layer 120 may be formed on the substrate
114. The first conductive type semiconductor layer 120
may include group III-V compound semiconductor doped

with the first conductive dopant, e.g., at least one selected
from a group of GaN, InN, A1N, InGaN, AlGaN, InAlGaN,
and AlInN. In the case that the first conductive type sem-
iconductor layer 120 is N-type semiconductor layer, the
first conductive dopant includes Si, Ge, Sn, Se, and Te
as N-type dopant.
[0083] The active layer 122 is formed on the first con-
ductive type semiconductor layer 120. The active layer
may be formed in the single quantum well structure, multi-
quantum well (MQW) structure, quantum dot structure,
or quantum wire structure and may be formed using
group III-V compound semiconductor.
[0084] The conductive clad layer (not illustrated) may
be formed on or/and under the active layer. The conduc-
tive clad layer may be formed with GaN-based semicon-
ductor.
[0085] The second conductive type semiconductor
layer 124 is formed on the active layer 122. The second
conductive type semiconductor layer 124 may be formed
with group III-V compound semiconductor doped with the
second conductive dopant, e.g., one of compound sem-
iconductors such as GaN, InN, AlN, InGaN, AlGaN, In-
AlGaN, and AlInN. In the case that the second conductive
type semiconductor layer 124 is P-type semiconductor
layer, the second conductive dopant may include Mg, Zn,
Ca, Sr, and Ba as P-type dopant.
[0086] The semiconductor layers 120, 122, and 124
may be grown to the crack-free thin films due to the sub-
strate 114. Such crack-free thin film is capable of pre-
venting current concentration so that the active layer 122
may be protected and the internal quantum efficiency
and external quantum efficiency may be improved.
[0087] The first conductive type semiconductor layer
120 may be formed with P-type semiconductor layer, and
the second conductive type semiconductor layer 124
may be formed with N-type semiconductor layer. N-type
semiconductor layer or P-type semiconductor layer may
be formed on the second conductive type semiconductor
layer 124 as a third conductive type semiconductor layer.
The first conductive type semiconductor layer 120, the
active layer 122, and the second conductive type semi-
conductor layer 124 may be defined as the light emitting
structure layer. The light emitting structure layer may be
embodied as one of the structures of N-P junction, P-N
junction, N-P-N junction, and P-N-P junction.
[0088] At least one of a current diffusion layer and a
second electrode may be formed on the second conduc-
tive type semiconductor layer or the third conductive type
semiconductor layer. The current diffusion layer includes
the transparent electrode or the reflection electrode layer.
The transparent electrode layer may be formed with ma-
terial selected from metal oxide and metal on the second
conductive type semiconductor layer 124. For instance,
the transparent electrode layer may be formed in a single
layer or multi layers using one or more of indium tin oxide
(ITO), indium zinc oxide (IZO), indium zinc tin oxide (IZ-
TO), indium aluminum zinc oxide (IAZO), indium gallium
zinc oxide (IGZO), indium gallium tin oxide (IGTO), alu-
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minum zinc oxide (AZO), antimony tin oxide (ATO), gal-
lium zinc oxide (GZO), IrOx, RuOx, RuOx/ITO, Ni, Ag,
Ni/IrOx/Au, and Ni/IrOx/Au/ITO.
[0089] The reflection layer may be formed with material
composed of Ag, Ni, Al, Rh, Pd, Ir, Ru, Mg, Zn, Pt, Au,
and Hf and their selective combination on the second
conductive type semiconductor layer 124. The second
electrode is electrically connected to the second conduc-
tive type semiconductor layer 124 or the transparent elec-
trode layer and may be formed with metal material. The
second electrode may include the electrode pad and may
be formed as the current diffusion pattern.
[0090] Fig. 7 is a side-sectional view illustrating a light
emitting device having a lateral electrode structure and
using the embodiment illustrated in Fig. 1.
[0091] Referring to Fig. 7, at a light emitting device
100A, the upper surface of the first conductive type sem-
iconductor layer 120 is exposed, and a first electrode 131
is formed on the first conductive type semiconductor layer
120. The process of exposing the first conductive type
semiconductor layer 120 may be performed through a
mesa etching process.
[0092] On the second conductive type semiconductor
layer 124, the current diffusion layer such as the trans-
parent electrode layer or reflection electrode layer may
be formed in a second electrode layer 126. A second
electrode 133 may be formed on the second electrode
layer 126. The second electrode 126 may be formed with
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), antimony tin oxide
(ATO), metal oxide, or metal such as Al, Ag, Pd, Rh, Pt,
or Ir, or alloy of selected metals.
[0093] The second electrode 133 may be formed with
at least one metal layer, e.g., one or combination from
Ag, Ag alloy, Ni, Al, Al alloy, Rh, Pd, Ir, Ru, Mg, Zn, Pt,
Au, and Hf. The second electrode 133 may include an
electrode pad, or a separate electrode pad may be
formed. The second electrode 133 may be directly con-
tacted to the second electrode layer or/and the second
conductive type semiconductor layer 124.
[0094] Since the light emitting device 100A may im-
prove the dislocation by the nonconductive layer 112 un-
der the active layer 122, there is an effect of increasing
light efficiency due to crystallinity of light and improving
ESD.
[0095] Fig. 8 is a side-sectional view illustrating a light
emitting device having a vertical electrode structure and
using the embodiment illustrated in Fig. 1.
[0096] Referring to Fig. 8, a plurality of conductive lay-
ers 142 and 144 may be formed on the second conductive
layer 124 illustrated in Fig. 6. The conductive layers in-
clude a first conductive layer 142 disposed on the second
conductive type semiconductor layer 124 and a second
conductive layer 144 on the first conductive layer 142.
The first conductive layer 142 includes an ohmic layer
or/and reflection layer. The first conductive layer 142 is

formed with metal or alloy including at least one among
reflection members such as Al, Ag, Pd, Rh, Pt, and Ir.
The second conductive layer 144 is a conductive support
member and may be formed to a thickness of more than
tens of micro meters. The second conductive layer 144
may selectively include copper (Cu), gold (Au), nickel
(Ni), molybdenum (Mo), copper-tungsten (Cu-W), and
carrier wafer (e.g., Si, Ge, GaAs, ZnO, SiC, SiGe,
Ga2O3). The first conductive layer 142 and the second
conductive layer 144 supply power of a second polarity.
At least one layer or pattern may be formed between the
first conductive layer 142 and the second conductive type
semiconductor layer 120. Material for the at least one
layer or pattern is oxide material such as ITO, and it may
be formed in an ohmic contact layer or/and current block-
ing layer.
[0097] The substrate 101 of Fig. 6 under the buffer
layer 103 may be eliminated in a physical or/and chemical
method. Laser Lift Off (LLO) method may be used as the
method of eliminating the substrate. According to the LLO
method, the second conductive layer 144 is disposed on
a base, and then, laser of a predetermined wavelength
is irradiated to the substrate 101 for eliminating it.
[0098] The buffer layer 103 and the first semiconductor
layer 105 are eliminated through a wet etching. The buffer
layer 103 and the first semiconductor layer 105 may be
eliminated by selectively using dry etching and polishing.
[0099] The nonconductive layer 112 of Fig. 5 under
the first conductive type semiconductor layer 120 except
for the substrate layer 114 may also be eliminated. Here-
in, in the case that the substrate layer 114 is SiC, it may
not be eliminated. The first electrode 131 is formed under
the substrate layer 114. Accordingly, a light emitting de-
vice 100B having the vertical electrode structure is em-
bodied.
[0100] Since the substrate layer 114 is formed in the
uneven structure by the nonconductor of cluster form in
the light emitting device 100B, the light extraction effi-
ciency may be improved.
[0101] Fig. 9 is a diagram illustrating another light emit-
ting device having the vertical electrode structure. For
explaining the embodiment, the same parts in compari-
son with Fig. 8 are described referring to Fig. 8, and over-
lapped explanations are omitted.
[0102] Referring to Fig. 9, in a light emitting device
100C, the first electrode 131 is disposed to the first con-
ductive type semiconductor layer 120. By further remov-
ing the substrate layer of Fig. 8, the first conductive type
semiconductor layer 120 is exposed to form the first elec-
trode 131. Herein, a lower surface of the first conductive
type semiconductor layer 120 may be formed in the
roughness structure. Such roughness structure is formed
through removing the substrate layer and it is unneces-
sary to perform a special etching process to the conduc-
tive type semiconductor layer 120.
[0103] Fig. 10 is a side-sectional view illustrating a light
emitting device according to a second embodiment. For
explaining the second embodiment, the same parts in
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comparison with the first embodiment are referred to as
the same numeric and overlapped explanations are omit-
ted.
[0104] Referring to Fig. 10, a light emitting device 100D
includes a substrate 101, a buffer layer 103, a first sem-
iconductor layer 105, an uneven part 107, a first noncon-
ductive layer 112, a first substrate layer 114, a second
semiconductor layer 115, a second nonconductive layer
116, a second substrate layer 117, a first conductive type
semiconductor layer 120, an active layer 122, and a sec-
ond conductive type semiconductor layer 124.
[0105] The first nonconductive layer 112 and the first
substrate 114 are formed in at least one period on the
uneven part 107. The first nonconductive layer 112 and
the first substrate 114 refer to the nonconductive layer
and the substrate layer of Fig. 1.
[0106] The second semiconductor layer 115 may be
formed with group III-V compound semiconductor doped
with the first conductive dopant, e.g., GaN, InN, AlN, In-
GaN, AlGaN, InAlGaN, and AlInN, on the first substrate
layer 114. An upper surface of the second semiconductor
layer 115 may be even or uneven.
[0107] The second nonconductive layer 116 may be
formed with a cluster having nonconductive characteris-
tics. For instance, the second nonconductive layer 116
is formed with nonconductor and MgN, SiN, and ZnN and
may be discontinuously formed on the second semicon-
ductor layer 115. The second nonconductive layer 116
may be formed in nonconductor using, e.g., the first con-
ductive dopant or/and second conductive dopant.
[0108] The second semiconductor layer 115 may be
disposed between the second substrate layer 117 and
the first substrate layer 114. The second substrate 117
is formed on the second nonconductive layer 116 and its
portion may be contacted on the second semiconductor
layer 115. The second substrate layer 117 may be se-
lected among substrate materials such as conductive lay-
er, nonconductive layer, and insulating layer. The second
substrate layer 117 may be formed with SiC and SiN.
[0109] The second nonconductive layer 116 and the
second substrate layer 117 may be formed in at least
one period. In the case that the second semiconductor
layer 115 is the first conductive semiconductor, the sec-
ond nonconductive layer 116 and the second substrate
layer 117 may be disposed in the first conductive type
semiconductor layers 115 and 120. The light emitting de-
vice 100D suppresses the dislocation transferred from
below of the active layer 122 so that crack-free surface
of layer may be provided.
[0110] The light emitting device according to the em-
bodiments may be packaged on a semiconductor sub-
strate of resin material or silicon, an insulating substrate,
and a ceramic substrate, and it may be used as a system
light source of indicating devices, illumination devices,
display devices, and the like.
[0111] Fig. 11 is a diagram illustrating a light emitting
device package according to an embodiment.
[0112] Referring to Fig. 11, a light emitting device pack-

age 30 includes a body 20, a first lead electrode 31 and
a second lead electrode 32 disposed at the body 20, a
light emitting device 100A according to the embodiment,
and a molding member 40 covering the light emitting de-
vice 100A. Herein, the light emitting device is disposed
at the body 20 and electrically connected to the first lead
electrode 31 and the second lead electrode 32.
[0113] The body 20 may be formed including the con-
ductive substrate such as silicon, synthetic resins such
as PPA, ceramic substrate, insulating substrate, or metal
substrate (e.g., MCPCB). The body 20 includes a con-
cave part such as a cavity whose upper part is open. At
the concave part, the light emitting device 100A is dis-
posed, and the first and second lead electrodes 31 and
32 are exposed. A sloping surface may be formed on the
circumference of the concave part. The body 20 may
include a through-hole structure, and it is not limited to
this.
[0114] The first lead electrode 31 and the second lead
electrode 32 are electrically separated from each other
and supply power to the light emitting device 100A. The
first lead electrode 31 and the second lead electrode 32
may also increase light efficiency by reflecting light gen-
erated from the light emitting device 100A and may serve
to emit heat generated from the light emitting device
100A.
[0115] The light emitting device 100A may be installed
on the body 20, or on the first lead electrode 31 or the
second lead electrode 32.
[0116] The light emitting device 100A may be connect-
ed to the first lead electrode 31 and the second lead elec-
trode 32 through a wire.
[0117] The molding member 40 may surround the light
emitting device 100A to protect the light emitting device
100A. Also, a fluorescent substance may be included in
the molding member 40 so that wavelength of light emit-
ted from the light emitting device 100A may be varied. A
lens may be disposed on the molding member 40, and
the lens may be embodied as a form to be contacted or
not to be contacted to the molding member 40.
[0118] The light emitting device 100A may be electri-
cally connected to a lower surface of the body or sub-
strate through the through-hole.
[0119] On the light emitting device package 30, at least
one of the light emitting devices of the above-described
embodiments may be installed, and there is no limit for
this.
[0120] Although the light emitting device package has
been described as a top view form, it may also be em-
bodied as a side view method so that the above-de-
scribed heat radiating characteristics, conductivity and
reflection characteristics may be improved. The light
emitting device according to the top view or side view
method may be packaged by the resin layer as above-
described, and then, the lens may be formed or attached
on the resin layer; there is no limit for this.

13 14 



EP 2 346 098 A2

9

5

10

15

20

25

30

35

40

45

50

55

[Illumination System]

[0121] The light emitting device or light emitting device
package according to the embodiments may be applied
to an illumination system. The illumination system may
include a structure of an array of a plurality of light emitting
devices or light emitting device packages.
[0122] The illumination system may include display de-
vices illustrated in Figs. 12 and 13, an illumination device
illustrated in Fig. 14, illumination lamps, signal lights, car
headlights, electronic displays, and the like.
[0123] Fig. 12 is an exploded perspective view illus-
trating a display device according to an embodiment.
[0124] Referring to Fig. 12, a display device 1000 ac-
cording to the embodiment may include a light guide plate
1041, a light emitting module 1031 providing light to the
light guide plate 1041, a reflection member 1022 under
the light guide plate 1041, an optical sheet 1051 on the
light guide plate 1041, a display panel 1061 on the optical
sheet 1051, and a bottom cover 1011 storing the light
guide 1041, the light emitting module 1031, and the re-
flection member 1022; however, it is not limited to this.
[0125] The bottom cover 1011, the reflection sheet
1022, the light guide plate 1041, and the optical sheet
1051 may be defined as a light unit 1050.
[0126] The light guide plate 1041 serves to diffuse light
for convergence to a surface light source. The light guide
plate 1041 is formed with transparent material and, e.g.,
may include one of acrylic resin such as polymethyl
metaacrylate (PMMA), polyethylene terephthlate (PET),
poly carbonate (PC), cycloolefin copolymer (COC), and
polyethylene naphthalate (PEN) resins.
[0127] The light emitting module 1031 provides light
to at least one side of the light guide plate 1041 and ul-
timately acts as a light source of the display device.
[0128] At least one light emitting module 1031 is in-
cluded, and it may provide light directly or indirectly at
one side of the light guide plate 1041. The light emitting
module 1031 includes a substrate 1033 and the light emit-
ting device package 30 according to the above-disclosed
embodiment. The light emitting device package 30 may
be arrayed at predetermined intervals on the substrate
1033.
[0129] The substrate 1033 may be a Printed Circuit
Board (PCB) including a circuit pattern (not illustrated).
However, the substrate 1033 may include not only the
typical PCB but also a metal core PCB (MCPCB) and a
flexible PCB (FPCB), and it is not limited to this. In the
case that the light emitting device package 30 is installed
on the side of the bottom cover 1011 or on a heat radiating
plate, the substrate 1033 may be eliminated. Herein, a
part of the heat radiating plate may be contacted to an
upper surface of the bottom cover 1011.
[0130] The plurality of light emitting device packages
30 may be installed on the substrate 1033 so that a light-
emitting surface is separated from the light guide plate
1041 by a predetermined distance, and there is no limit
for this. The light emitting device package 30 may provide

light to a light-entering part, i.e., one side, of the light
guide plate 1041 directly or indirectly, and there is no limit
for this.
[0131] The reflection member 1022 may be disposed
under the light guide plate 1041. The reflection member
1022 reflects the light incident to the lower surface of the
light guide plate 1041 in an upward direction so that
brightness of the light unit 1050 may be improved. The
reflection member 1022 may be formed with, e.g., PET,
PC, PVC resins; however, it is not limited to this. The
reflection member 1022 may be the upper surface of the
bottom cover 1011; however, there is no limit for this.
[0132] The bottom cover 1011 may store the light guide
plate 1041, the light emitting module 1031, and the re-
flection member 1022. To this end, the bottom cover 1011
may be provided with a storing unit 1012 having a shape
of a box whose upper surface is open, and there is not
limit for this. The bottom cover 1011 may be combined
with a top cover, and there is no limit for this.
[0133] The bottom cover 1011 may be formed with
metal material or resin material and may be fabricated
using processes of press or extrusion molding. The bot-
tom cover 1011 may also include metal or non-metal ma-
terial having good thermal conductivity, and there is no
limit for this.
[0134] The display panel 1061 is, e.g., an LCD panel,
and includes transparent first and second substrates, and
a liquid crystal layer between the first and second sub-
strates. On at least one side of the display panel 1061,
a polarizing plate may be attached; however, the attach-
ing structure is not limited to this. The display panel 1061
displays information by the light which passes through
the optical sheet 1051. The display device 1000 may be
applied to various cell phones, monitors of notebook
computers, monitors of laptop computers, and televi-
sions.
[0135] The optical sheet 1051 is disposed between the
display panel 1061 and the light guide plate 1041 and
includes at least one translucent sheet. The optical sheet
1051 may include at least one of, e.g., diffusion sheet,
horizontal and vertical prism sheets, and brightness en-
hancement sheet. The diffusion sheet diffuses the inci-
dent light. The horizontal or/and vertical prism sheet con-
centrates the incident light to a display region. The bright-
ness enhancement sheet reuses lost light to enhance
brightness. A protection sheet may be disposed on the
display panel 1061, and there is no limit for this.
[0136] Herein, on the light path of the light emitting
module 1031, the light guide plate 1041 and the optical
sheet 1051 may be included as optical members; how-
ever, there is no limit for this.
[0137] Fig. 13 is a diagram illustrating a display device
according to an embodiment.
[0138] Referring to Fig. 13, a display device 1100 in-
cludes a bottom cover 1152, a substrate 1120, an optical
member 1154, and a display panel 1155. Herein, the
above-disclosed light emitting device packages 30 are
arrayed on the substrate 1120.
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[0139] The substrate 1120 and the light emitting device
package 30 may be defined as a light emitting module
1060. The bottom cover 1152, at least one light emitting
module 1060, and the optical member 1154 may be de-
fined as a light unit.
[0140] The bottom cover 1152 may be provided with
a storing unit 1153, and there is no limit for this.
[0141] Herein, the optical member 1154 may includes
at least one of the lens, light guide plate, diffusion sheet,
horizontal and vertical prism sheets, and brightness en-
hancement sheet. The light guide plate may be formed
with PC material or polymethyl metaacrylate (PMMA)
material, and this light guide plate may be eliminated.
The diffusion sheet diffuses the incident light. The hori-
zontal or/and vertical prism sheet concentrates the inci-
dent light to the display region. The brightness enhance-
ment sheet reuses lost light to enhance brightness.
[0142] The optical member 1154 is disposed on the
light emitting module 1060. The optical member 1154
converts the light emitted from the light emitting module
1060 to the surface light source, or performs diffusing
and concentrating light.
[0143] Fig. 14 is a perspective view illustrating an illu-
mination device according to an embodiment.
[0144] Referring to Fig. 14, an illumination device 1500
may include a case 1510, a light emitting module 1530
installed to the case 1510, and a connection terminal
1520 installed to the case 1510 and provided with power
from an external power source.
[0145] It is preferable to form the case 1510 with ma-
terial which has good heat radiation characteristics. For
instance, the case 1510 may be formed with metal ma-
terial or resin material.
[0146] The light emitting module 1530 may include a
substrate 1532 and the light emitting device package 30
according to the embodiment installed on the substrate
1532. The plurality of light emitting device packages 30
may be arrayed in a matrix form or may be arrayed being
separated from each other at predetermined intervals.
[0147] The substrate 1532 may be an insulator where
a circuit pattern is printed. For instance, the substrate
1532 may include the PCB, metal core PCB, flexible PCB,
ceramic PCB, and FR-4 substrate.
[0148] The substrate 1532 may also be formed with
material which efficiently reflects light, or its surface may
be coated with color, e.g., white and silver, which effi-
ciently reflects light.
[0149] At least one light emitting device package 30
may be installed on the substrate 1532. Each of the light
emitting device packages 30 may include at least one
Light Emitting Diode (LED) chip. The LED chip may in-
clude a light emitting diode of visible light such as red,
green, blue, or white or a UV light emitting diode which
emits Ultra Violet (UV).
[0150] A combination of various light emitting device
packages 30 may be disposed in the light emitting module
1530 for obtaining color tone and brightness. For in-
stance, for securing high Color Rendering Index (CRI),

a white light emitting diode, a red light emitting diode,
and a green light emitting diode may be combined and
disposed.
[0151] The connection terminal 1520 may be electri-
cally connected to the light emitting module 1530 to sup-
ply power. The connection terminal 1520 is screwed to
be connected to the external power source in a socket
method; however, there is no limit for this. For instance,
the connection terminal 1520 may be formed in a pin
shape to be inserted into the external power source or
may be connected to the external power source by a wire.
[0152] Features of the above-disclosed embodiments
are not limited to the embodiments but may be selectively
applied to other embodiments. Other modifications and
applications are possible through selective combination
within the technical scope of the embodiments.
[0153] A method for fabricating the light emitting device
according to the embodiment includes forming a first
semiconductor layer on a substrate using compound
semiconductor; forming an uneven part including nitride
semiconductor on the first semiconductor layer; forming
a discontinuous nonconductive layer on the uneven part;
forming a substrate layer on the nonconductive layer;
and forming a plurality of compound semiconductor lay-
ers on the substrate layer.
[0154] According to the embodiments, the dislocation
from below of the active layer can be improved, and the
crystallinity of the semiconductor layer can be improved,
and the light emitting efficiency can be improved. The
reliability of the light emitting device and the light emitting
device package can also be improved.
[0155] 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 spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. A light emitting device, comprising:

a first semiconductor layer;
an uneven part on the first semiconductor layer;
a first nonconductive layer including a plurality
of clusters on the uneven part;
a first substrate layer on the nonconductive lay-
er; and
a light emitting structure layer including a first
conductive type semiconductor layer, an active
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layer and a second conductive type semicon-
ductor layer on the first substrate layer.

2. The light emitting device according to claim 1, where-
in the first substrate layer includes material whose
lattice constant difference with nitride semiconductor
is equal to or lower than about 5%.

3. The light emitting device according to claim 1, where-
in the uneven part includes group III-V compound
semiconductor, and the first nonconductive layer in-
cludes at least one selected from a group of MgN,
SiN, and ZnN.

4. The light emitting device according to claim 1, where-
in a period of the first nonconductive layer and the
first substrate layer includes from 2 to 20 periods.

5. The light emitting device according to claim 1, where-
in the first substrate layer includes at least one of
SiC, SiN, SiCN, and CN.

6. The light emitting device according to claim 1, where-
in a first portion of the first substrate layer is disposed
on the first nonconductive layer and a second portion
is contacted to the uneven part.

7. The light emitting device according to claim 4, where-
in one period of the first nonconductive layer and the
first substrate layer includes a thickness ranging
from about 1nm to about 100nm.

8. The light emitting device according to claim 5, where-
in a thickness of the first substrate layer includes
from about 5Å to about 500Å .

9. The light emitting device according to claim 1, where-
in the first substrate layer is formed in an uneven
layer.

10. The light emitting device according to claim 1, com-
prising:

a second nonconductive layer between the first
substrate layer and the light emitting structure
layer;
a second substrate layer on the second noncon-
ductive layer; and
a second semiconductor layer between the first
substrate layer and the second nonconductive
layer.

11. The light emitting device according to claim 1, where-
in the nonconductive layer is formed of a discontin-
uous nonconductive layer.

12. The light emitting device according to claim 1, where-
in the light emitting structure layer includes nitride-

based semiconductor and includes an N-type sem-
iconductor layer, an active layer on the N-type sem-
iconductor layer, and a P-type semiconductor layer
on the active layer.

13. The light emitting device according to claim 12,
wherein at least one of the first semiconductor layer
and the uneven part includes an undoped semicon-
ductor layer whose dopant concentration is lower
than that of the N-type semiconductor layer.

14. The light emitting device according to claim 1, where-
in the first semiconductor layer and the uneven part
are undoped nitride semiconductors.

15. The light emitting device according to claim 12,
wherein the N-type semiconductor layer is disposed
between the active layer and the substrate layer, and
dislocation density of the N-type semiconductor lay-
er is lower than that of the first semiconductor layer.
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