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Description

Title of Invention: LIGHT EMITTING DEVICE
Technical Field

Exemplary embodiments of the present disclosure relate to a light emitting device,
and more particularly, to a light emitting device having improved efficiency in current
spreading and current leakage prevention.

Background Art

Recently, a nitride-based semiconductor broadly used as a base material of a light
emitting device such as a light emitting diode is grown on a homogeneous substrate
such as a gallium nitride substrate or on a heterogeneous substrate such as a sapphire
substrate. Some factors affecting crystallinity and luminous efficacy of the nitride-
based semiconductor are related to characteristics of a growth substrate.

A nitride-based semiconductor grown on a heterogeneous substrate used as a growth
substrate has high defect density due to differences in lattice parameter and coefficient
of thermal expansion between the growth substrate and the nitride-based semi-
conductor. For example, a nitride-based semiconductor grown on a sapphire substrate
has a high dislocation density of about 1x10%cm? or more.

Dislocations provide electron trap sites to cause non-emissive recombination or
spatial separation between electrons and holes, or act as a path of current leakage. Par-
ticularly, dislocations propagated to a surface of a semiconductor layer and contacting
electrodes thereon act as a main path of current leakage to generate reverse current at
reverse voltage, and become a main cause of failure of a light emitting device due to
electrostatic discharge.

In order to prevent failure of the light emitting device due to electrostatic discharge, a
separate Zener diode may be provided to the light emitting device or crystallinity of the
light emitting device may be improved to enhance durability with respect to elec-
trostatic discharge. However, such a separate Zener diode requires an additional space,
thereby increasing volume of the light emitting device and process costs. In addition,
existing techniques have a limit in improvement of crystallinity of the light emitting

device and it is substantially impossible to form a dislocation-free epitaxial layer.
Disclosure of Invention
Technical Problem

Exemplary embodiments of the present disclosure provide a light emitting device

having good current spreading efficiency and high electrical reliability.
Solution to Problem

In accordance with one exemplary embodiment, a light emitting device includes: an
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n-type nitride semiconductor layer; a V-pit creation layer disposed on the n-type nitride
semiconductor layer; an active layer disposed on the V-pit creation layer; a p-type
nitride semiconductor layer disposed on the active layer; a V-pit formed through the
active layer; a high resistance embedment layer at least partially filling the V-pit; and
an n-type doped region overlapping at least part of the active layer, wherein the active
layer includes a multi-quantum well structure including pluralities of barrier layers and
well layers, at least one of interfaces between the barrier layers and the well layers is
disposed within the n-type doped region, the n-type doped region includes a lower
surface and an upper surface, and at least one of the upper and lower surfaces of the n-
type doped region does not overlap the interfaces between the barrier layers and the
well layers.

The n-type doped region may include Ge as a dopant and have a thickness of 10 nm
to 100 nm.

The n-type doped region may have a greater thickness than at least one of the barrier
layers and the well layers, and at least one of the barrier layers and the well layers may
be disposed within the n-type doped region.

The n-type doped region may include a region modulation-doped with an n-type
dopant.

The n-type doped region may include a first doped region and a second doped region
having a lower doping concentration than the first doped region, and the first doped
region may be closer to the V-pit creation layer than the second doped region.

The light emitting device may further include a V-pit enlargement layer interposed
between the active layer and the V-pit creation layer, and the n-type doped region may
be disposed over the active layer and the V-pit creation layer.

The V-pit creation layer may include a superlattice layer, and at least one of in-
terfaces between layers within the superlattice layer may be disposed within the n-type
doped region.

In accordance with another aspect of the present invention, a light emitting device
includes: an n-type nitride semiconductor layer; a V-pit creation layer disposed on the
n-type nitride semiconductor layer; an active layer disposed on the V-pit creation layer
and including a well layer and a barrier layer; a p-type nitride semiconductor layer
disposed on the active layer; a V-pit formed through the active layer and the V-pit en-
largement layer; a high resistance embedment layer at least partially filling the V-pit;
and an n-type doped region overlapping at least part of the active layer, wherein at
least one of upper and lower surfaces of the n-type doped region corresponds to an
interface between the well layer and the barrier layer, and a thickness of the n-type
doped region is equal to integer times the thickness of the barrier layer or the well

layer.
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The light emitting device may further include a V-pit enlargement layer disposed on
the V-pit creation layer, wherein the V-pit enlargement layer includes a superlattice
layer in which first nitride layers and second nitride layers having different band-gap
energies are alternately stacked one above another, and at least one of interfaces

between the first and second nitride layers is disposed within the n-type doped region.
The n-type doped region may have an average Ge doping concentration of 5x10'

atoms/cm? or more.

The n-type doped region may have a thickness of 10 nm to 100 nm.

The n-type doped region may have a greater thickness than at least one of the first
nitride layers and the second nitride layers.

The n-type doped region may include a region modulation-doped with Ge dopants.

The n-type doped region may include at least one first nitride layer and at least one
second nitride layer disposed therein.

The n-type doped region may include a first doped region and a second doped region
having a lower doping concentration than the first doped region, and the first doped
region may be closer to the V-pit creation layer than the second doped region.

The n-type doped region may be disposed over the active layer and the V-pit creation
layer.

Advantageous Effects of Invention

According to exemplary embodiments, the light emitting device includes an n-type
doped region disposed independently of other layers formed in the light emitting
device to achieve sufficient electron concentration while effectively enlarging V-pits.
Accordingly, the light emitting device has improved electrical reliability and current
spreading effects.

Brief Description of Drawings

Figure 1 and Figure 2 are a side-sectional view and an enlarged sectional view of a
light emitting device according to one exemplary embodiment of the present
disclosure.

Figure 3a to Figure 3e are graphs depicting band-gap energy of an active layer and an
n-type doped region according to exemplary embodiments of the present disclosure.

Figure 4 and Figure 5 are a side-sectional view and an enlarged sectional view of a
light emitting device according to another exemplary embodiment of the present
disclosure.

Figure 6 is an enlarged sectional view of a light emitting device according to a
further exemplary embodiment of the present disclosure.

Figure 7a to Figure 7e are graphs depicting band-gap energy of a V-pit enlargement

layer and an n-type doped region according to exemplary embodiments of the present
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another embodiment of the present disclosure.
Mode for the Invention

Hereinafter, exemplary embodiments will be described in more detail with reference
to the accompanying drawings. The following embodiments are provided by way of
example so as to fully convey the spirit of the present disclosure to those skilled in the
art to which the present disclosure pertains. Accordingly, the present disclosure is not
limited to the embodiments disclosed herein and can also be implemented in different
forms. In the drawings, widths, lengths, thicknesses, and the like of elements can be
exaggerated for clarity and descriptive purposes. When an element or layer is referred
to as being "disposed above" or "disposed on" another element or layer, it can be
directly "disposed above" or "disposed on" the other element or layer or intervening
elements or layers can be present. Throughout the specification, like reference
numerals denote like elements having the same or similar functions.

In order to address problems caused by dislocations described above, there is
suggested a technique in which V-pits are formed through enlargement of the dis-
locations and are then filled with a high resistance semiconductor material to suppress
current leakage through the dislocations by increasing resistance of a path through
which current enters the dislocations. However, the dislocations are not blocked simply
by forming the V-pits and it is necessary to enlarge the V-pits so as to achieve re-
sistance effects. In addition, interfaces between semiconductor layers contacting
inclined surfaces of the enlarged V-pits are required to have good crystal quality in
order to prevent additional current leakage. Hereinafter, a light emitting device
includes a semiconductor layer capable of reducing current leakage using V-pits while
securing good crystal quality will be described.

It should be understood that compositions, growth methods, growth conditions,
thicknesses, and the like of nitride-based semiconductor layers described below are
provided by way of example and the present disclosure is not limited thereto. For
example, in expression of AlGaN, a composition ratio of Al to Ga may be modified in
various ways by a person having ordinary knowledge in the art (hereinafter, "those
skilled in the art") as needed. In addition, the nitride-based semiconductor layers
described below may be grown by various methods known to those skilled in the art,
for example, metal organic chemical vapor deposition (MOCVD), molecular beam
epitaxy (MBE), or hydride vapor phase epitaxy (HVPE). Herein, in the following
exemplary embodiments, semiconductor layers will be described as being grown

within a growth chamber by MOCVD. For growth of the nitride-based semiconductor
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layers, any sources known to those skilled in the art may be supplied into the growth
chamber, and for example, TMGa or TEGa may be used as a Ga source, TMAI or
TEAI may be used as an Al source, TMIn or TEIn may be used as an In source, and
NH; may be used as an N source. However, it should be understood that the present
disclosure is not limited thereto.

Figure 1 is a side-sectional view of a light emitting device according to one
exemplary embodiment of the present disclosure, and Figure 2 is an enlarged sectional
view of 'region I' in Figure 1.

Referring to Figure 1 and Figure 2, the light emitting device includes an n-type
nitride semiconductor layer 140, a V-pit creation layer 150, an active layer 170, a high
resistance embedment layer 180, a p-type nitride semiconductor layer 190, and an n-
type doped region 310. The light emitting device may further include a growth
substrate 110, a buffer layer 120, and an undoped nitride layer 130.

For the growth substrate 110, any substrate may be used without limitation so long as
the substrate allows growth of a nitride-based semiconductor layer thereon and may
include, for example, a sapphire substrate, a silicon substrate, a silicon carbide
substrate, an aluminum nitride substrate, and a gallium nitride substrate. In addition,
the growth substrate 110 may include a growth plane on which the nitride-based semi-
conductor layer is grown, and the growth plane may be a crystalline plane having
polar, non-polar or semi-polar characteristics.

The buffer layer 120 may include AlGaN and/or GaN, and may be grown on the
growth substrate 110 at a temperature of about 500°C to 600°C. The buffer layer 120
can serve to relieve stress and strain caused by lattice mismatch between the growth
substrate 110 and a nitride-based semiconductor grown on the buffer layer. Alter-
natively, the buffer layer 120 may be omitted.

The undoped nitride layer 130 may be disposed on the growth substrate 110 and may
include a nitride semiconductor such as (Al, Ga, In)N. For example, the undoped
nitride layer 130 may include u-GaN. The undoped nitride layer 130 is free from
dopants and thus can exhibit good crystallinity. As a result, the undoped nitride layer
130 can improve crystallinity of other semiconductor layers disposed on the undoped
nitride layer 130, as described below.

Here, it should be understood that the growth substrate 110, the buffer layer 120 and
the undoped nitride layer 130 can be omitted from the light emitting device depending
on the structure of the light emitting device. When the light emitting device according
to this exemplary embodiment is applied to a flip-chip type light emitting device or a
vertical type light emitting device, the growth substrate 110 can be omitted together
with at least some of the buffer layer 120 and the undoped nitride layer 130.

Herein, detailed descriptions of well-known technical features related to the growth
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substrate 110, the buffer layer 120 and the undoped nitride layer 130 are omitted.

The n-type nitride semiconductor layer 140 may include a nitride-based semi-
conductor such as (Al, Ga, In)N, and may further include an n-type dopant to exhibit n-
type conductivity. For example, the n-type nitride semiconductor layer 140 may
include Si, Ge, C, or the like as dopants. As the n-type dopant for the n-type nitride
semiconductor layer 140, Si may be doped in a concentration of 1x10'7 atoms/cm? to
5x10"atoms/cm?. The n-type nitride semiconductor layer 140 may have a thickness of
several micrometers and may include a single layer or multiple layers. The n-type
nitride semiconductor layer 140 may be grown through MOCVD by introducing Group
III element sources such as Al, Ga and In, Group V element sources such as N, and a
Si dopant source such as silane into a growth chamber.

The V-pit creation layer 150 may be disposed on the n-type nitride semiconductor
layer 140.

The V-pit creation layer 150 may include a nitride-based semiconductor such as (Al,
Ga, In)N. The V-pit creation layer 150 can act as a seed for creation of V-pits 210
through various methods. For example, upon growth of the V-pit creation layer 150,
growth conditions may be adjusted such that the V-pit creation layer 150 has a higher
vertical growth speed with respect to a lateral growth speed than the n-type nitride
semiconductor layer 140, whereby the V-pit creation layer 150 can be grown as a
semiconductor layer with a rough surface through three-dimensional growth. For
example, the V-pit creation layer 150 may be grown at a lower temperature, for
example, at about 900°C, than the n-type nitride semiconductor layer 140. As the V-pit
creation layer 150 is grown at a relatively low temperature, three-dimension growth is
promoted in the course of growing the V-pit creation layer 150, whereby the V-pit
creation layer 150 can be grown as a semiconductor layer with a rough surface. As the
V-pit creation layer 150 is grown at a relatively low temperature, the V-pits 210 may
be formed at least some of portions in which dislocations propagated from the semi-
conductor layers (including the n-type nitride semiconductor layer 140) under the V-pit
creation layer 150.

Here, it should be understood that intentional reduction in crystallinity of the V-pit
creation layer 150 is not limited to growth of the V-pit creation layer 150 under low
temperature conditions as described above. For example, some exemplary em-
bodiments may include intentional reduction in crystallinity of the V-pit creation layer
150 through adjustment of the ratio of III/V elements supplied into the growth
chamber, growth pressure, and flow rates of Group III element sources and Group V
element sources upon growth of the V-pit creation layer 150.

The V-pits 210 may be created in the V-pit creation layer 150 and may be formed

over other semiconductor layers additionally grown by other processes described
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below. Alternatively, V-pit seeds are formed in the V-pit creation layer 150 and V-pits
created from the V-pit seed may be formed over semiconductor layers additionally
grown by other processes described below. Locations of the V-pits 210 created in the
V-pit creation layer may be adjusted through change of growth conditions and the like
in various ways, and may be adjusted through an additional process. For example, after
completion of growth of the V-pit creation layer 150, an annealing process may be ad-
ditionally performed to adjust the location of the V-pits 210 created therein. For
example, the annealing process may be performed by increasing an inner temperature
of the growth chamber to about 1050°C, followed by decreasing the temperature. By
the annealing process, the V-pits 210 can be created at a relatively high location in the
V-pit creation layer. Accordingly, the locations of the V-pits 210 created can be ar-
bitrarily determined depending upon time and temperature of the annealing process.

The V-pits 210 may be enlarged in a radial shape and a surface of each of the V-pits
210 may correspond to one plane of a nitride semiconductor. For example, the V-pits
210 may be formed in a reverse hexagonal pyramid shape and the surface of each of
the V-pits 210 may correspond to one crystal plane of the nitride semiconductor.

The V-pit creation layer 150 may include a single layer or multiple layers. For
example, the V-pit creation layer 150 may include InGaN, AlGaN, GaN, AllnGaN,
InAIN, and the like, and may have a structure in which AllnGaN layers and AlGaN
layers are alternately stacked one above another. Further, the V-pit creation layer 150
may include a nitride semiconductor having a higher lattice parameter than the average
lattice parameter of the n-type nitride semiconductor layer 140. For example, the V-pit
creation layer 150 may include indium, the atomic radius of which is greater than those
of Ga and Al. As the V-pit creation layer 150 has a relatively high lattice parameter,
the V-pit creation layer 150 is subjected to compressive strain, which promotes radial
enlargement of dislocation defects into the shape of the V-pits 210, so that boundary
planes of the V-pits 210 can become more clear and the size of the V-pits 210 can be
increased.

The active layer 170 may be disposed on the V-pit creation layer 150. Further, the V-
pits 210 may be formed through the active layer 170, whereby a portion of the active
layer 170 adjoining each of the V-pits 210 may have an inclined surface. That is, the
V-pits 210 may be enlarged in a radial shape together with growth of the active layer
170, and may have a V-shaped cross-section, as shown in the drawings. Further, as the
V-pits 210 are enlarged together with growth of the active layer 170, the V-pits 210
may be formed through the active layer 170.

The active layer 170 may include a nitride-based semiconductor such as (Al, Ga,
In)N, and may be formed in a multi-quantum well structure including barrier layers

171 having relatively high band-gap energy and well layers 173 having relatively low
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band-gap energy. The active layer 170 may include indium (In) and, particularly, the
barrier layer 171 may include AllnGaN which contains In. Accordingly, as the active
layer 170 is grown, the V-pits 210 are further enlarged, thereby increasing the size of
the V-pits 210. Specifically, when nitride layers having relatively large lattice pa-
rameters and including indium (In) are grown on a region in which the V-pits 210 are
created, compressive strain can be exerted on the V-pits 210 enlarged. When the V-pits
210 are subjected to compressive strain, stress and strain are exerted outwards within
the V-pits 210, thereby increasing the size of the V-pits 210. However, it should be un-
derstood that the present disclosure is not limited thereto.

Elements and the composition of the well layer 173 may be determined depending
upon the peak wavelength of light to be emitted from the light emitting device 100, and
considering the band-gap energy of the well layer 173, the elements and the com-
position of a nitride-based semiconductor for the barrier layer 171 may be determined
such that the barrier layer 171 has relatively high band-gap energy.

Further, the light emitting device includes an n-type doped region 310 overlapping at
least part of the active layer 170. Next, the n-type doped region 310 according to
exemplary embodiments will be described in more detail with reference to Figure 1 to
Figure 3e. Figure 3a to Figure 3e are graphs depicting band-gap energy of active layers
and n-type doped regions according to exemplary embodiments of the present
disclosure. Although the n-type doped region 310 will be described as being doped
with Ge in the following exemplary embodiments, the present disclosure is not limited
thereto. The n-type doped region 310 may further include other n-type dopants such as
Si or C in addition to Ge.

The n-type doped region 310 may be a region including Ge as a dopant, and thus
semiconductor layers thereof exhibit n-type conductivity. When the nitride semi-
conductor includes the n-type doped region 310, three-dimensional growth of the
nitride semiconductor is predominantly carried out such that vertical growth of the
nitride semiconductor is predominant to lateral growth of the nitride semiconductor.
That is, when Ge is doped into the nitride semiconductor during growth of the nitride
semiconductor, a possibility that a bond between Ge and N is broken is increased due
to relatively low bonding energy between Ge and N. Accordingly, when Ge is doped
into the nitride semiconductor during growth of the nitride semiconductor, three-
dimensional growth of the nitride semiconductor becomes predominant to two-
dimensional growth thereof. It should be understood that the n-type doped region 310
may further include other dopants as well as Ge, as described above.

As described above, the V-pits 210 are more enlarged through three-dimensional
growth of the nitride semiconductor than through two-dimensional growth thereof.

Thus, as three-dimensional growth becomes predominant by forming the n-type doped
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region 310 that overlaps at least part of the active layer 170, the size of the V-pits 210
can be further increased during growth of the active layer 170. Particularly, although
the composition ratio of In can be increased in order to enlarge the V-pits 210, there is
a limit in increase of the composition ratio of In in the active layer 170 in consideration
of emission wavelengths. Therefore, by forming the n-type doped region 310 to
overlap at least part of the active layer 170, it is possible to increase the size of the V-
pits 210 without increasing the composition ratio of In.

Although enlargement of the V-pits 210 can be achieved using Si as a dopant, Si can
deteriorate crystallinity of the active layer 170. On the contrary, the n-type doped
region 310 including Ge as a dopant causes less deterioration in crystallinity of the
semiconductor layer than the doped region including Si alone as a dopant. In addition,
Ge used as a dopant can permit greater enlargement of the V-pits 210 than Si used as a
dopant.

More specifically, when Si is used as a dopant, Si is substituted into sites of Group
III elements (Ga, Al, In). However, since Si is not in the same period as Ga, the
diameter of a Si atom is smaller than the diameter of a Ga atom. Accordingly, when Si
is doped into GaN or into AlGaN, InGaN, or AllnGaN having a relatively high mole
fraction of Ga, one Ga site is substituted with a Si atom, thereby increasing the pos-
sibility of generating defects due to lattice mismatch. Further, since the Si atom has a
small size, tensile stress and strain are exerted on lattices surrounding the site into
which the Si atom is substituted, thereby obstructing enlargement of the V-pits 210. On
the contrary, since Ge is in the same period as Ga, there is no significant difference in
atom size therebetween. Accordingly, when Ge is used as a dopant, since stress and
strain exerted on surrounding lattices due to lattice mismatch are insignificant upon
substitution of a Ge atom into the Ga site, deterioration in crystallinity due to lattice
mismatch can be relieved even when Ge is substituted as a dopant into the nitride-
based semiconductor. Furthermore, Ge has a larger atomic radius than Si and causes
compressive stress and strain on lattices around a Ge substituted site, thereby causing
further enlargement of the V-pits 210.

On the other hand, although the doping concentration of the n-type doped region 310
is not particularly limited, the n-type doped region 310 may have a doping con-
centration of 5x10'" atoms/cm? or more, specifically in the range of 5x10'” atoms/cm?
to 8x10?°atoms/cm?, to promote three-dimensional growth, thereby further improving
enlargement of the V-pits 210. Further, although the thickness of the n-type doped
region 310 is not particularly limited, the n-type doped region 310 having an ex-
cessively thin thickness provides an insignificant effect in enlargement of the V-pits
210, and the n-type doped region having an excessively thick thickness can deteriorate

crystallinity within the n-type doped region 310, thereby deteriorating luminous



10

WO 2016/108423 PCT/KR2015/012156

[56]

[57]

[58]

[59]

[60]

efficacy of the light emitting device. Accordingly, it is desirable that the thickness of
the n-type doped region 310 be determined within a predetermined range, and for
example, the n-type doped region 310 may have a thickness of about 10 nm to 100 nm.
However, it should be understood that the present disclosure is not limited thereto.

Referring again to Figure 2, the n-type doped region 310 may overlap at least part of
the active layer 170 and may be disposed over at least two layers within the active
layer 170. Thus, at least one of interfaces between the barrier layers 171 and the well
layers 173 may be disposed within the n-type doped region 310. Further, the n-type
doped region 310 may be disposed independently of the barrier and well layers of the
active layer 170. In other words, when the n-type doped region 310 has an upper
surface and a lower surface, locations of the upper surface and/or the lower surface of
the n-type doped region 310 may not correspond to the locations of the interfaces
between the barrier layers 171 and the well layers 173.

The reason for formation of the n-type doped region 310 to be disposed inde-
pendently of semiconductor layers within the light emitting device is to achieve a
sufficient doping thickness for securing the V-pits. Table 1 shows surface roughness
depending upon doping thickness upon Ge doping in a concentration of 1x10!° atoms/
cm?® or more, as measured through atomic force measurement (AFM). As can be seen
from Table 1, in order to form a semiconductor layer having surface roughness of a
predetermined RMS value or more, it is necessary to form the semiconductor layer to a
predetermined thickness or more. For example, from Table 1, it could be seen that
surface roughness was rapidly increased when the thickness of the semiconductor layer
was 40 nm or more, and further rapidly increased when the thickness of the semi-

conductor layer was 100 nm or more.

[Table 1]

Light emitting Sample A Sample B Sample C Sample D
device sample

Thickness of Ge 10 40 100 300
doped layer (nm)

RMS (nm) 3.32 8.96 8.48 14.6

As such, although the n-type doped region 310 may have a thickness of dozens of
nanometers or more, each of the layers within the active layer 170 has a thickness of
several nanometers and thus formation of the n-type doped region 310 to be disposed
over plural layers within the active layer 170 enables more effective enlargement of the
V-pits.

Further, each n-type doped region 310 may have various doping concentrations, for
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example, a constant doping concentration, a gradually increasing or decreasing doping
concentration in the thickness direction thereof, or a modulated doping concentration
in which the doping concentration repeatedly increases and decreases. At least one of
n-type doped region 310 may include a modulation-doped region. For example, the n-
type doped region 310 may include a region modulated-doped with Ge dopants.

Furthermore, the light emitting device may include a plurality of n-type doped
regions 310, which may have different doping concentrations. At this point, the doping
concentrations of the plural n-type doped regions 310 may gradually decrease with in-
creasing distance from the n-type nitride semiconductor layer 140.

Next, referring to Figure 2 and Figure 3a to Figure 3e, examples of the n-type doped
region 310 according to various embodiments of the present disclosure will be
described. Here, it should be understood that the present disclosure is not limited
thereto.

First, as shown in Figure 2 and Figure 3a, the n-type doped region 310 may be
disposed over two layers to twenty layers within the active layer 170, and, for example,
the n-type doped region 310 may be disposed over three barrier layers 171 and two
well layers 173. Further, the upper surface and the lower surface of the n-type doped
region 310 may not overlap interfaces between the barrier layers 171 and the well
layers 173. As shown in the drawings, the lower surface of the n-type doped region
310 may be disposed at the middle of one barrier layer 171 and the upper surface of the
n-type doped region 310 may be disposed at the middle of another barrier layer 171. In
addition, the n-type doped region 310 may be formed in plural within the active layer
170.

In another exemplary embodiment, as shown in Figure 3b, one of the upper and
lower surfaces of the n-type doped region 310 may be disposed corresponding to an
interface between the barrier layer 171 and the well layer 173. For example, the lower
surface of the n-type doped region 310 may overlap a lower surface of one barrier
layer 171. This structure can be obtained by introducing a Ge dopant source into the
growth chamber in the course of growing the corresponding barrier layer 171.

When the thickness of the n-type doped region 310 is equal to integer times the
thickness of the well layer 173 or the barrier layer 171 so as to correspond to the
interface therebetween, the doping concentration of the n-type doped region 310 can
also be changed in an atmosphere ramping period between the respective layers upon
growth to provide a clear interface between doped regions, thereby reducing thickness
tolerance.

In a further exemplary embodiment, as shown in Figure 3c, both the upper and lower
surfaces of the n-type doped region 310 may be disposed corresponding to the in-

terfaces between the barrier layers 171 and the well layers 173. For example, the lower
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surface of the n-type doped region 310 may overlap a lower surface of one barrier
layer 171 and the upper surface of the n-type doped region 310 may overlap an upper
surface of another barrier layer 171. In this exemplary embodiment, the n-type doped
region 310 is also formed independently of the barrier layers 171 and the well layers
173 instead of having a relationship therewith.

As described above, when the interface between the barrier layer 171 and the well
layer 173 is not coincident with a time point of dopant introduction, despite an adverse
effect on tolerance of the interface, compressive strain can be sufficiently exerted on
the interface as described above and then three-dimensional growth can be achieved,
thereby enabling more effective enlargement of the V-pits. According to yet another
exemplary embodiment, as shown in Figure 3d, the doping concentration may differ in
one n-type doped region 310. For example, Ge dopants may be included in one n-type
doped region 310 through modulation doping. Modulation doping of the Ge dopants
can relieve deterioration of crystallinity of the active layer 170 by the n-type doped
region 310.

Although Ge doping can relieve creation of crystal defects as compared with Si
doping, Ge doping also causes creation of the crystal defects and compromises en-
largement of the V-pits, and is thus required to be performed in a suitable cycle and to
a suitable thickness so as to achieve both effects. Thus, modulation doping as in the
above exemplary embodiment is performed for the purpose of preventing creation of
crystal defects while securing a sufficient doping thickness.

In some exemplary embodiments, as shown in Figure 3e, the light emitting device
may include a plurality of n-type doped regions 311, 312. For example, the n-type
doped region 310 may include a first n-type doped region 311 and a second n-type
doped region 312. The first n-type doped region 311 may have a higher Ge doping
concentration than the second n-type doped region 312. In these embodiments, the first
n-type doped region 311 may be closer to the V-pit creation layer 150 than the second
n-type doped region 312. By the first n-type doped region 311 disposed relatively close
to the V-pit creation layer 150, the V-pits 210 can be enlarged. Further, the second n-
type doped region 312 has a lower Ge doping concentration than the first n-type doped
region, thereby relieving deterioration in crystallinity of the active layer 170 while
further enlarging the size of the V-pits 210.

Exemplary embodiments obtained through combination of technical features
described in the above exemplary embodiments are also included in the present
disclosure.

In this way, the n-type doped region 310 is formed independently of the barrier
layers 171 and the well layers 173 within the active layer 170, thereby enabling easy
control of enlargement of the V-pits 210 through the n-type doped region 310. Namely,
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considering the composition of the active layer 170, growth conditions, and the size of
the V-pits 210, the n-type doped region 310 is set regardless of the barrier layers 171
and the well layers 173, thereby optimizing luminous efficacy and reliability of the
light emitting device.

The V-pits 210 serve to achieve more efficient current spreading and to reduce
current leakage while improving durability to electrostatic discharge by blocking
propagation of dislocations through the V-pits 210. Accordingly, formation of the V-
pits 210 in the light emitting device results in improvement of luminous efficacy and
electrical reliability of the light emitting device. According to the exemplary em-
bodiments, the V-pits 210 can be created in a relatively large size, thereby maximizing
advantageous effects of the V-pits 210. As such, the exemplary embodiments provide a
light emitting device having improved luminous efficacy and reliability.

The light emitting device may further include an electron injection layer (not shown)
under the active layer 170 and an electron blocking layer (not shown) on the active
layer 170. The electron injection layer and the electron blocking layer can increase
electron density in the active layer 170, thereby improving luminous efficacy.

The V-pits 210 are at least partially filled with the high resistance embedment layer
180. The high resistance embedment layer 180 may be disposed on the active layer
170.

The high resistance embedment layer 180 may include a nitride-based semiconductor
such as (Al, Ga, In)N and may have relatively high resistance. Thus, the high re-
sistance embedment layer 180 may be doped in a low concentration or may be in an
undoped state. Further, the high resistance embedment layer 180 may have higher
band-gap energy than the active layer 170. As the V-pits 210 are at least partially filled
with the high resistance embedment layer 180 having relatively high resistance, the
high resistance embedment layer 180 can block leaked current from flowing in a
downward direction through dislocations residing at lower ends of the V-pits 210.
Thus, the light emitting device has improved durability with respect to electrostatic
discharge.

The p-type nitride semiconductor layer 190 may include a nitride-based semi-
conductor such as (Al, Ga, In)N, and may be disposed on the high resistance
embedment layer 180 and/or the active layer 170. The p-type nitride semiconductor
layer 190 may include a p-type dopant, for example, Mg. All of technical features
known in the art may be applied to the p-type nitride semiconductor layer 190, and
detailed descriptions thereof will be omitted herein.

The light emitting device may further include a V-pit enlargement layer (not shown)
disposed between the active layer 170 and the V-pit creation layer 150. The V-pits 210
can be further enlarged by the V-pit enlargement layer. When the light emitting device
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further includes the V-pit enlargement layer, the n-type doped region 310 may overlap
at least part of the V-pit enlargement layer. In this case, the n-type doped region 310
may be disposed over the active layer 170 and the V-pit enlargement layer. Fur-
thermore, the V-pit enlargement layer may include a superlattice layer, and at least one
of interfaces between layers in the superlattice layer may be disposed within the n-type
doped region 310. The V-pit enlargement layer will be described in more detail in de-
scription of an exemplary embodiment shown in Figure 4 and Figure 5.

Although the V-pit enlargement layer is illustrated as overlapping at least part of the
n-type doped region 310 in the exemplary embodiment shown in Figure 4 and Figure
5, it should be understood that this feature is not necessary in the present embodiment.
That is, in this embodiment, the overlapping structure between the V-pit enlargement
layer and the n-type doped region 310 may be optionally selected.

This exemplary embodiment provides a light emitting device which includes the V-
pits 210 at least partially filled with the high resistance embedment layer 180. Par-
ticularly, the light emitting device includes the n-type doped region 310, so that the V-
pits 210 can be further enlarged, thereby improving current spreading and reliability.
The light emitting device described in this exemplary embodiment may be used as
various types of light emitting devices such as vertical type, flip-chip type or lateral
type light emitting devices through an additional process.

Figure 4 is a side-sectional view of a light emitting device according to another
exemplary embodiment of the present disclosure, and Figure 5 is an enlarged sectional
view of region II of Figure 4. Figure 6 is an enlarged sectional view of a portion of a
light emitting device according to a further exemplary embodiment of the present
disclosure, corresponding to region II of Figure 4.

The light emitting device according to this exemplary embodiment is different from
the light emitting device shown in Figure 1 and Figure 2 in that the light emitting
device according to this exemplary embodiment further includes a V-pit enlargement
layer 160 and has a structure wherein an active layer 170 selectively overlaps an n-type
doped region 310. Herein, different features of the light emitting device according to
this exemplary embodiment will be mainly described, and detailed descriptions of the
same features will be omitted.

Referring to Figure 4 and Figure 5, the light emitting device according to this
exemplary embodiment includes an n-type nitride semiconductor layer 140, a V-pit
creation layer 150, a V-pit enlargement layer 160, an active layer 170, a high resistance
embedment layer 180, a p-type nitride semiconductor layer 190, and an n-type doped
region 310. The light emitting device may further include a growth substrate 110, a
buffer layer 120, and an undoped nitride layer 130.

The V-pit enlargement layer 160 may be disposed on the active layer 170, and V-pits
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220 may be formed through the V-pit enlargement layer 160 and the active layer 170.
That is, the V-pits 220 may be created from the V-pit creation layer 150 and then
enlarged in a radial shape through the V-pit enlargement layer 160 and the active layer
170.

The V-pit enlargement layer 160 may include a nitride semiconductor such as (Al,
Ga, In)N and may be grown from an upper surface of the V-pit creation layer 150. The
upper surface of the V-pit creation layer 150 acts as seeds for growth of the V-pit en-
largement layer 160, which can be grown while enlarging the V-pits 220. For example,
the V-pit enlargement layer 160 may have a higher average lattice parameter than the
V-pit creation layer 150, so that compressive stress and strain are continuously
generated during growth of the V-pit enlargement layer 160. Accordingly, the size of
the V-pits 220 can be increased together with growth of the V-pit enlargement layer
160. In this exemplary embodiment, the V-pit enlargement layer 160 may include, for
example, indium (In).

The V-pit enlargement layer 160 includes first nitride layers 161 and second nitride
layers 163 having smaller band-gap energy than the first nitride layers 161. Each of the
first nitride layers 161 and the second nitride layers 163 has a thickness of about
dozens of nanometers. Furthermore, the first nitride layers 161 and the second nitride
layers 163 may be repeatedly stacked one above another in two cycles or more to form
a superlattice structure. For example, the first nitride layers 161 may be represented by
In,Ga xN (0<x<1) and the second nitride layer 163 may be represented by In,Ga,, ,,
N (0<y<1, x<y), without being limited thereto. The V-pit enlargement layer 160 is
formed in the superlattice structure, thereby improving crystallinity of the active layer
170 while enlarging the V-pits 220. Furthermore, upon operation of the light emitting
device, the superlattice structure of the V-pit enlargement layer 160 can facilitate
injection of electrons into the active layer 170.

The light emitting device according to this exemplary embodiment includes the n-
type doped region 310 overlapping at least part of the V-pit enlargement layer 160.
Next, the n-type doped region 310 will be described in more detail with reference to
Figure 4, Figure 5 and Figure 7a to Figure 7e. Figure 7a to Figure 7e are graphs
depicting band-gap energy of V-pit enlargement layers and n-type doped regions
according to exemplary embodiments of the present disclosure.

The n-type doped region 310 may be a region including Ge as a dopant, and thus
semiconductor layers thereof exhibit n-type conductivity. When the nitride semi-
conductor includes the n-type doped region 310, three-dimensional growth of the
nitride semiconductor is predominantly carried out such that vertical growth of the
nitride semiconductor is predominant to lateral growth of the nitride semiconductor.

That is, when Ge is doped into the nitride semiconductor during growth of the nitride
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semiconductor, a possibility that a bond between Ge and N is broken is increased due
to relatively low bonding energy between Ge and N. Accordingly, when Ge is doped
into the nitride semiconductor during growth of the nitride semiconductor, three-
dimensional growth of the nitride semiconductor becomes predominant to two-
dimensional growth thereof.

As described above, the V-pits 220 are more enlarged through three-dimensional
growth of the nitride semiconductor than through two-dimensional growth thereof.
Thus, as three-dimensional growth becomes predominant by forming the n-type doped
region 310 that overlaps at least part of the V-pit enlargement layer 160, the size of the
V-pits 220 can be further increased during growth of the V-pit enlargement layer 160.
Particularly, although the composition ratio of In can be increased in order to enlarge
the V-pits 220, there is a limit in increase of the composition ratio of In in the V-pit en-
largement layer 160 in consideration of a difference in lattice parameter between the n-
type doped region and other semiconductor layers grown by a subsequent process.
Therefore, by forming the n-type doped region 310 to overlap at least part of the V-pit
enlargement layer 160, it is possible to increase the size of the V-pits 220 without in-
creasing the composition ratio of In.

Although enlargement of the V-pits 220 can be achieved using Si as a dopant, Si can
deteriorate not only crystallinity of the V-pit enlargement layer 160 but also crys-
tallinity of the active layer 170. On the contrary, the n-type doped region 310 including
Ge as a dopant causes less deterioration in crystallinity of the semiconductor layer than
the doped region including Si alone as a dopant. In addition, Ge used as a dopant can
permit more enlargement of the V-pits 220 than Si used as a dopant. This is generally
similar to the aforementioned effect.

Although the doping concentration of the n-type doped region 310 is not particularly
limited, the n-type doped region 310 may have a doping concentration of 5x10" atoms/
cm’ or more to promote three-dimensional growth, thereby further improving en-
largement of the V-pits 220. Further, although the thickness of the n-type doped region
310 is not particularly limited, the n-type doped region 310 having an excessively thin
thickness provides an insignificant effect in enlargement of the V-pits 220, and the n-
type doped region having an excessively thick thickness can deteriorate crystallinity
within the n-type doped region 310, thereby deteriorating luminous efficacy of the
light emitting device. Accordingly, it is desirable that the thickness of the n-type doped
region 310 be determined within a predetermined range, and for example, the n-type
doped region 310 may have a thickness of about 10 nm to 100 nm. However, it should
be understood that the present disclosure is not limited thereto.

Furthermore, the n-type doped region 310 may be formed to overlap at least part of

the V-pit enlargement layer 160 such that the V-pit enlargement layer 160 formed at a



17

WO 2016/108423 PCT/KR2015/012156

[92]

[93]

[94]

[95]

[96]

[97]

lower end of the active layer 170 can also act as an electron injection layer. Thus, the
size of the V-pits 220 can be increased through the V-pit enlargement layer 160
without forming a separate electron injection layer, while improving luminous efficacy
through improvement in efficiency of electron injection into the active layer 170.

Referring to Figure 4 and Figure 5, the n-type doped region 310 may overlap at least
part of the V-pit enlargement layer 160 and may be disposed over at least two layers
within the V-pit enlargement layer 160. Thus, at least one of interfaces between the
first nitride layers 161 and the second nitride layers 163 may be disposed within the n-
type doped region 310. Further, the n-type doped region 310 may be disposed inde-
pendently of the layers within the V-pit enlargement layer 160. In other words, when
the n-type doped region 310 has an upper surface and a lower surface, locations of the
upper surface and/or the lower surface of the n-type doped region 310 may not
correspond to the locations of the interfaces between the first nitride layers 161 and the
second nitride layers 163.

Further, each n-type doped region 310 may have various doping concentrations, for
example, a constant doping concentration, a gradually increasing or decreasing doping
concentration in the thickness direction thereof, or a modulated doping concentration
in which the doping concentration repeatedly increases and decreases.

Furthermore, the light emitting device may include a plurality of n-type doped
regions 310, which may have different doping concentrations. At this point, the doping
concentrations of the plural n-type doped regions 310 may gradually decrease with in-
creasing distance from the n-type nitride semiconductor layer 140

Next, referring to Figure 4, Figure 5 and Figure 7a to Figure 7e, examples of the n-
type doped region 310 according to various embodiments of the present disclosure will
be described. Here, it should be understood that the present disclosure is not limited
thereto.

First, as shown in Figure 4, Figure 5 and Figure 7a, the n-type doped region 310 may
be disposed over two layers to twenty layers within the V-pit enlargement layer 160,
and, for example, the n-type doped region 310 may be disposed over three first nitride
layers 161 and two second nitride layers 163. Further, the upper surface and the lower
surface of the n-type doped region 310 may not overlap interfaces between the first
nitride layers 161 and the second nitride layers 163. As shown in the drawings, the
lower surface of the n-type doped region 310 may be disposed at the middle of one
first nitride layer 161 and the upper surface of the n-type doped region 310 may be
disposed at the middle of another first nitride layer 161. In addition, the n-type doped
region 310 may be formed in plural within the V-pit enlargement layer 160.

In another exemplary embodiment, as shown in Figure 7b, one of the upper and

lower surfaces of the n-type doped region 310 may be disposed corresponding to an
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interface between the first nitride layer 161 and the second nitride layer 163. For
example, the lower surface of the n-type doped region 310 may overlap a lower surface
of one first nitride layer 161. This structure can be obtained by introducing a Ge dopant
source into the growth chamber in the course of growing the corresponding first nitride
layer 161.

In a further exemplary embodiment, as shown in Figure 7c, both the upper and lower
surfaces of the n-type doped region 310 may be disposed corresponding to the in-
terfaces between the first nitride layers 161 and the second nitride layers 163. For
example, the lower surface of the n-type doped region 310 may overlap a lower surface
of one first nitride layer 161 and the upper surface of the n-type doped region 310 may
overlap an upper surface of another first nitride layer 161. In this exemplary em-
bodiment, the n-type doped region 310 is also formed independently of the first nitride
layers 161 and the second nitride layers 163 instead of having a relationship therewith.

In yet another exemplary embodiment, as shown in Figure 7d, the doping con-
centration may differ in one n-type doped region 310. For example, Ge dopants may be
included in one n-type doped region 310 through modulation doping. Modulation
doping of the Ge dopants can relieve deterioration of crystallinity of the V-pit en-
largement layer 160 by the n-type doped region 310. As a result, the active layer 170
formed on the V-pit enlargement layer 160 can have further improved crystallinity.

In some exemplary embodiments, as shown in Figure 7e, the light emitting device
may include a plurality of n-type doped regions 311, 312. For example, the n-type
doped region 310 may include a first n-type doped region 311 and a second n-type
doped region 312. The first n-type doped region 311 may have a higher Ge doping
concentration than the second n-type doped region 312. In these embodiments, the first
n-type doped region 311 may be closer to the V-pit creation layer 150 than the second
n-type doped region 312. By the first n-type doped region 311 disposed relatively close
to the V-pit creation layer 150, the V-pits 210 can be enlarged. Further, the second n-
type doped region 312 has a lower Ge doping concentration than the first n-type doped
region, thereby relieving deterioration in crystallinity of the V-pit enlargement layer
160 while further enlarging the V-pits 210.

Exemplary embodiments obtained through combination of technical features
described in the above exemplary embodiments are also within the scope of the present
disclosure.

According to exemplary embodiments of the present disclosure, the n-type doped
region 310 may be disposed to overlap the V-pit enlargement layer 160 and the active
layer 170. As shown in Figure 6 and Figure 8, some of the n-type doped region 310
may overlap the V-pit enlargement layer 160, and the other portion thereof may be

disposed to overlap the active layer 170. Furthermore, when the light emitting device
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includes a plurality of n-type doped regions 310, one of the plural n-type doped regions
310 may be disposed to overlap the V-pit enlargement layer 160, another n-type doped
region 310 may be disposed to overlap the active layer 170, and a third n-type doped
region 310 may be disposed over the V-pit enlargement layer 160 and the active layer
170. In this way, the n-type doped region 310 may be disposed in various ways.

According to the exemplary embodiments, the light emitting device further includes
the V-pit enlargement layer 160, so that the size of the V-pits 220 can be further
increased, thereby improving electrical reliability of the light emitting device. Fur-
thermore, the n-type doped region 310 overlaps the V-pit enlargement layer 160 such
that the V-pit enlargement layer 160 also acts as the electron injection layer, thereby
improving luminous efficacy of the light emitting device.

Although some exemplary embodiments have been described herein, it should be un-
derstood by those skilled in the art that these embodiments are given by way of il-
lustration only, and that various modifications, variations, and alterations can be made

without departing from the spirit and scope of the invention.
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Claims

[Claim 1] A light emitting device comprising:
an n-type nitride semiconductor layer;

a V-pit creation layer disposed on the n-type nitride semiconductor
layer;

an active layer disposed on the V-pit creation layer;

a p-type nitride semiconductor layer disposed on the active layer;

a V-pit formed through the active layer;

a high resistance embedment layer at least partially filling the V-pit;
and

an n-type doped region overlapping at least part of the active layer,
wherein:

the active layer includes a multi-quantum well structure including plu-
ralities of barrier layers and well layers;

at least one of interfaces between the barrier layers and the well layers
is disposed within the n-type doped region; and

the n-type doped region includes a lower surface and an upper surface,
and at least one of the upper and lower surfaces of the n-type doped
region does not overlap the interfaces between the barrier layers and the
well layers.

[Claim 2] The light emitting device of claim 1, wherein the n-type doped region
includes Ge as a dopant and has a thickness of 10 nm to 100 nm.

[Claim 3] The light emitting device of claim 1, wherein the n-type doped region
has a greater thickness than at least one of the barrier layers and the
well layers, and at least one of the barrier layers and the well layers is
disposed within the n-type doped region.

[Claim 4] The light emitting device of claim 1, wherein the n-type doped region
includes a region modulation-doped with an n-type dopant.

[Claim 5] The light emitting device of claim 1, wherein the n-type doped region
includes a first doped region and a second doped region having a lower
doping concentration than the first doped region, and the first doped
region is disposed to be closer to the V-pit creation layer than the
second doped region.

[Claim 6] The light emitting device of claim 1, further including:

a V-pit enlargement layer interposed between the active layer and the
V-pit creation layer,

wherein the n-type doped region is disposed over the active layer and
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the V-pit creation layer.

[Claim 7] The light emitting device of claim 6, wherein the V-pit creation layer
includes a superlattice layer, and at least one of interfaces between
layers within the superlattice layer is disposed within the n-type doped
region.

[Claim 8] A light emitting device comprising:
an n-type nitride semiconductor layer;

a V-pit creation layer disposed on the n-type nitride semiconductor
layer;

an active layer disposed on the V-pit creation layer and including a well
layer and a barrier layer;

a p-type nitride semiconductor layer disposed on the active layer;

a V-pit formed through the active layer and the V-pit enlargement
layer;

a high resistance embedment layer at least partially filling the V-pit;
and

an n-type doped region overlapping at least part of the active layer,
wherein at least one of upper and lower surfaces of the n-type doped
region corresponds to an interface between the well layer and the
barrier layer, and a thickness of the n-type doped region is equal to
integer times the thickness of barrier layer or the well layer.

[Claim 9] The light emitting device of claim 8, further including:

a V-pit enlargement layer disposed on the V-pit creation layer,
wherein the V-pit enlargement layer includes a superlattice layer in
which first nitride layers and second nitride layers having different
band-gap energies are alternately stacked one above another, and at
least one of interfaces between the first and second nitride layers is
disposed within the n-type doped region.

[Claim 10] The light emitting device of claim 8, wherein the n-type doped region
has an average Ge doping concentration of 5x10!° atoms/cm® or more.

[Claim 11] The light emitting device of claim 8, wherein the n-type doped region
has a thickness of 10 nm to 100 nm.

[Claim 12] The light emitting device of claim 11, wherein the n-type doped region
has a greater thickness than at least one of the first nitride layers and
the second nitride layers.

[Claim 13] The light emitting device of claim 8, wherein the n-type doped region
includes a region modulation-doped with Ge dopants.

[Claim 14] The light emitting device of claim 9, wherein the n-type doped region
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includes at least one first nitride layer and at least one second nitride
layer disposed therein.

[Claim 15] The light emitting device of claim 8, wherein the n-type doped region
includes a first doped region and a second doped region having a lower
doping concentration than the first doped region, the first doped region
being closer to the V-pit creation layer than the second doped region.

[Claim 16] The light emitting device of claim 8, wherein the n-type doped region is

disposed over the active layer and the V-pit creation layer.
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