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57 ABSTRACT
A light emitting element includes: a first conductivity type
(21) Appl. No.: 16/561,310 semiconductor layer; a second conductivity type semicon-
ductor layer disposed over the first conductivity type semi-
conductor layer; a first electrode and a second electrode
(22) Filed: Sep. 5, 2019 disposed over the second conductivity type semiconductor
layer and spaced apart from each other; and a light emitting
(30) Foreign Application Priority Data layer disposed over the second conductivity type semicon-
ductor layer and, in a top view, positioned between the first
Sep. 28, 2018 (JP) coeveveececce 2018-183718 electrode and the second electrode.
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FIG. 3B
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SEMICONDUCTOR LIGHT EMITTING
ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is based on and claims
priority of Japanese patent application No. 2018-183718,
filed on Sep. 28, 2018, the contents of which are hereby
incorporated by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to a light emitting
element, and more specifically, to a light emitting element
that has a semiconductor multilayer structure.

[0003] Semiconductor light emitting elements, such as
light emitting diodes (LEDs), are widely used as miniatur-
ized light sources that consume little energy and have long
lifespans. A conventional semiconductor light emitting ele-
ment has a multilayer structure that includes a light emitting
layer between a p-type semiconductor layer and an n-type
semiconductor layer. In recent years, another type of semi-
conductor light emitting element with a multilayer structure
different from the conventional semiconductor light emitting
element has been studied. For example, L. Riuttanen et al.,
“Electrical injection to contactless near-surface InGaN
quantum well”, Applied Physics Letters 107, 051160 (2015)
(hereinafter “Riuttanen”) describes a surface LED (S-LED)
that includes a p-type GaN layer, an n-type GaN layer and
a surface quantum-well layer (surface QW) as a light emit-
ting layer, which are stacked one on top of the other in this
order. According to Riuttanen, the S-LED emits light by
causing a current to flow from the p-type GaN layer to the
n-type GaN layer. However, at this time, a drift current does
not flow to the surface QW. In the technique mentioned in
Riuttanen, the surface QW emits light by a diffusion current
that is generated due to bipolar carrier diffusion from the
pn-homojunction between the n-type GaN layer and the
p-type GaN layer.

SUMMARY

[0004] LEDs have rectifying characteristics and thus do
not emit light when a reverse voltage is applied thereto. For
this reason, when connected to an. AC power source, the
LED flashes repeatedly and thereby cannot continuously
emit light. To continuously emit light from a semiconductor
light emitting element, a conversion circuit, such as a
DC/AC converter that converts an. AC current into a DC
current, is required, which makes a current-carrying circuit
complicated. Thus, a semiconductor light emitting element
that can be connected to an AC power source without a
converter is desired.

[0005] Therefore, it is an object of the present disclosure
to provide a light emitting element that can emit light
continuously without requiring any converter or the like
while being connected to an AC power source.

[0006] A light emitting element according to an embodi-
ment of the present disclosure includes: a first conductivity
type semiconductor layer; a second conductivity type semi-
conductor layer disposed over the first conductivity type
semiconductor layer; a first electrode and a second electrode
disposed over the second conductivity type semiconductor
layer and spaced apart from each other; and a light emitting
layer disposed over the second conductivity type semicon-
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ductor layer and, in a top view, positioned between the first
electrode and the second electrode.

[0007] The light emitting element described above can
emit light continuously without requiring any converter or
the like while being connected to an AC power source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic top view of a light emitting
element according to an embodiment of the present inven-
tion.

[0009] FIG. 2 is a schematic cross-sectional view taken
along the line II-1I of FIG. 1.

[0010] FIG. 3A is a schematic cross-sectional view show-
ing a state in which a voltage is applied to the light emitting
element according to the embodiment.

[0011] FIG. 3B is a schematic cross-sectional view show-
ing a state in which a voltage is applied to the light emitting
element according to the embodiment.

[0012] FIG. 4 is a schematic top view of a modification of
the light emitting element according to the embodiment.
[0013] FIG. 5 is a graph showing the I-V characteristics of
the light emitting element fabricated in Example.

[0014] FIG. 6 shows photographs of the results of lighting
experiments performed on the light emitting element fabri-
cated in Example.

DETAILED DESCRIPTION

[0015] Embodiments of the present invention will be
described in detail below with reference to the accompany-
ing drawings. In the description below, terms indicative of
directions or positions (e.g., “upper”, “lower”, “right”, “left”
and other words including these words) are used as appro-
priate. The use of these terms is to make the understanding
of the present invention easy with reference to the drawings,
and does not limit the technical range of the present inven-
tion by their meanings. The same reference characters
represented in the drawings indicate the same portions or
members.

Embodiments

[0016] FIG. 1 is a schematic top view of a light emitting
element 1 according to an embodiment of the present
invention, and FIG. 2 is a schematic cross-sectional view
taken along the line II-1I of FIG. 1.

[0017] The light emitting element 1 according to the
present embodiment includes a first conductivity type semi-
conductor layer 13 on an upper surface 31a side of a
substrate 31, a second conductivity type semiconductor
layer 14 on the upper side of the first conductivity type
semiconductor layer 13, and first arid second electrodes 21
and 22 on parts of the upper surface (electrode formation
surfaces 14a and 145) of the second conductivity type
semiconductor layer 14. The first electrode 21 and the
second electrode 22 are spaced apart from each other. The
light emitting element 1 further includes a light emitting
layer 16 on a part of the upper surface of the second
conductivity type semiconductor layer 14 (light emitting
layer formation surface 14c¢), excluding the electrode for-
mation surfaces 14a and 14b. As shown in FIG. 2, the
electrode formation surfaces 14a and 144 of the second
conductivity type semiconductor layer 14 are provided at
positions lower than the light emitting layer formation,
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surface 14¢ of the second conductivity type semiconductor
layer 14. However, these surfaces 14a, 145 and 14¢ may be
flush with one another.

[0018] The light emitting layer 16 is disposed between the
first electrode 21 and the second electrode 22 in the top view
(when viewed from the direction indicated by the arrow B in
FIG. 2, i.e., in the top view shown in FIG. 1). No electrode
is formed above the light emitting layer 16.

[0019] As shown in FIG. 2, the light emitting element 1
may also include a buffer layer 11 and an underlayer 12
between the substrate 31 and the first conductivity type
semiconductor layer 13. The light emitting element 1 may
also include a superlattice layer 15 between the second
conductivity type semiconductor layer 14 and the light
emitting layer 16. Further, the light emitting element 1 may
include a cap layer 17 on the top side of the light emitting
layer 16.

[0020] To emit light from the light emitting element 1, a
voltage is applied between the first electrode 21 and the
second electrode 22. For example, as shown in FIG. 3A, a
positive electrode of an external power source V is con-
nected to the first electrode 21, while a negative electrode of
the external power source V is connected to the second
electrode 22. As a result, a current Ia (drift current) flows
from the first electrode 21 to the second electrode 22 through
the second conductivity type semiconductor layer 14. The
current la (drift current) may not pass through the light
emitting layer 16, just like how it does not pass through the
surface LED (S-LED) mentioned in Riuttanen, but the light
emitting layer 16 still emits light.

[0021] However, in the light emitting element 1, the
current Ja can flow from the first electrode 21 to the second
electrode 22 without also passing through a junction surface
13/ of the junction (PN junction) between the first conduc-
tivity type semiconductor layer 13 and the second conduc-
tivity type semiconductor layer 14, unlike the surface LED
(S-LED) mentioned in Riuttanen. Thus, the light emitting
element 1 does not exhibit rectifying characteristics. As
shown in FIG. 3B, the light emitting element 1 can emit
light, even when the negative electrode of the external power
source V is connected to the first electrode 21, while the
positive electrode of the external power source V is con-
nected to the second electrode 22.

[0022] In this way, the light emitting element 1 according
to the present embodiment does not exhibit rectifying char-
acteristics, so that the light emitting element 1 can continu-
ously emit light while being connected to an AC power
source, regardless of which electrode is an anode or a
cathode.

[0023] Conventional LEDs exhibit rectifying characteris-
tics. Because of this, the voltage application directions to the
LED include the forward direction and the reverse direction.
If the reverse voltage is applied, the LED easily breaks
down. However, the light emitting element 1 according to
the embodiment does not exhibit the rectifying characteris-
tics and thus does not need the discrimination between the
forward and reverse applied voltages. That is, the element
breakdown due to the reverse voltage does not occur.
Therefore, unlike the conventional LEDs, the light emitting
element 1 of the present embodiment can avoid the element
breakdown due to an error in connection to a power source.
[0024] In the light emitting element according to the
present embodiment, the current neither passes through the
light emitting layer 16 nor the junction surface 13; (PN
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junction). The principle of light emission by the light
emitting layer 16 is not clear, but it is presumed that this light
emission is based on the following mechanism. For easy
understanding, the description below will be given assuming
that the first conductivity type semiconductor layer 13 is a
p-type semiconductor layer and the second conductivity type
semiconductor layer 14 is an n-type semiconductor layer.
[0025] The second conductivity type semiconductor layer
(n-type semiconductor layer) 14 is depleted by an Mg
memory effect or PN junction in the vicinity of the junction
surface 13/ between the first conductivity type semiconduc-
tor layer (p-type semiconductor layer) 13 and the second
conductivity type semiconductor layer (n-type semiconduc-
tor layer) 14. When a current flows through the second
conductivity type semiconductor layer (n-type semiconduc-
tor layer) 14 by applying a voltage between the electrodes,
a current path is formed to allow the current to flow through
the light emitting layer 16 provided above the second
conductivity type semiconductor layer (n-type semiconduc-
tor layer) 14. As the main carriers in the second conductivity
type semiconductor layer (n-type semiconductor layer) 14
are electrons, it is presumed that the electrons are supplied
to the light emitting layer 16 by the drift current or diffusion
current passing through such a current path. Meanwhile, as
the first conductivity type semiconductor layer 13 (p-type
semiconductor layer) serving as a supply source is spaced
away from the electrodes, it is also presumed that the holes
are supplied to the light emitting layer 16 by carrier diffu-
sion. Thus, the holes and the electrons are considered to be
recombined together to emit light in the light emitting layer
16.

[0026] The first conductivity type semiconductor layer 13,
the second conductivity type semiconductor layer 14, and
the light emitting layer 16 may be formed of nitride semi-
conductors. That is, the light emitting element 1 may be a
nitride semiconductor light emitting element. For the nitride
semiconductor light emitting element, the light emitting
element 16 is formed of, for example, an InGaN layer, and
thus can change its emission wavelength by changing a
composition ratio of In in the InGaN layer.

[0027] In a typical nitride semiconductor light emitting
element, a p-type nitride semiconductor layer is stacked on
the light emitting layer. In such a structure, when the
crystallinity of the light emitting layer is deteriorated, the
crystallinity of the p-type nitride semiconductor layer
stacked thereon is also deteriorated. When the light emitting
layer is made of a compound of a ternary or higher com-
pound, such as InGaN, rather than GaN, the crystallinity of
the light emitting layer tends to deteriorate as the composi-
tion ratio of In or the like increases. For example, when
considering the crystallinity of the p-type nitride semicon-
ductor layer, it is difficult to increase the In composition ratio
in order to make the emission wavelength longer.

[0028] In contrast, the light emitting element 1 of the
present embodiment does not have a configuration in which
the light emitting layer 16 is sandwiched between semicon-
ductor layers of different conductivity types, but has a
configuration in which the light emitting layer 16 is stacked
over the first conductivity type semiconductor layer 13 and
the second conductivity type semiconductor layer 14. There-
fore, the composition of the light emitting layer 16 can be
determined without the need to consider the crystallinity of
the first conductivity type semiconductor layer 13 and the
second conductivity type semiconductor layer 14. Thus, the
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emission wavelength of the light emitting element 1 can be
selected from a wider range of wavelengths.

[0029] In addition, the growth temperature of the p-type
nitride semiconductor layer tends to he higher than the
growth temperature of the light emitting layer. In the above-
mentioned conventional configuration, the light emitting
layer is susceptible to damage due to heat during the growth
of the p-type nitride semiconductor layer. When the light
emitting layer has such heat damage, the crystallinity of the
light emitting layer deteriorates due to, for example, a
decrease in the In composition ratio of the InGaN layer. The
light emitting element 1 of the present embodiment is free
from such a concern. Thus, the emission wavelength of the
light emitting element 1 can he selected from a wider range
of wavelengths.

[0030] Hereinafter, the description will be given on a
preferable embodiment in which the light emitting element
1 is a nitride semiconductor light emitting element

[0031] As mentioned above, the light emitting element 1
may include the substrate 31, and the underlayer 12 disposed
on the upper surface 31a side of the substrate 31 (see FIG.
2). For a nitride light emitting element, the underlayer 12
may be, for example, an undoped nitride semiconductor
layer. In this case, the first conductivity type semiconductor
layer 13 is formed on the upper surface 124 of the underlayer
(undoped nitride semiconductor layer). Because the
undoped layer has better crystallinity than the impurity-
doped layer, an undoped layer is suitable as the underlayer
12.

[0032] Furthermore, the buffer layer 11 may be included
between the substrate 31 and the underlayer 12.

[0033] The first conductivity type semiconductor layer 13
and the second conductivity type semiconductor layer 14
can be either a p-type nitride semiconductor layer or an
n-type nitride semiconductor layer, but preferably, the first
conductivity type semiconductor layer 13 is a p-type nitride
semiconductor layer, and the second conductivity type semi-
conductor layer 14 is an n-type nitride semiconductor layer.
The current is less likely to spread in the p-type nitride
semiconductor layer than in the n-type nitride semiconduc-
tor layer. This is because the activation rate of carriers
(holes) in the p-type nitride semiconductor layer is low,
resulting in a relatively low carrier concentration therein. To
inject more carriers into the light emitting layer 16, an n-type
nitride semiconductor layer where a current easily spreads is
preferably disposed at a position close to the light emitting
layer 16. That is, the first conductivity type semiconductor
layer 13 located on the lower side is formed as the p-type
nitride semiconductor layer, while the upper second con-
ductivity type semiconductor layer 14 located on the upper
side is formed as the n-type nitride semiconductor layer, so
that the efficiency of carrier supply to the light emitting layer
16 can be improved.

[0034] The second conductivity type semiconductor layer
14 preferably has a thickness of 200 to 500 nm. A depletion
layer is formed in the second conductivity type semicon-
ductor layer 14. When the thickness of the second conduc-
tivity type semiconductor layer 14 is set to 200 to 500 nm,
the thickness of the depletion layer can be controlled to a
particularly preferable thickness.

[0035] When the thickness of the second conductivity type
semiconductor layer 14 is 200 nm or more, the depletion
layer can be formed to have an appropriate thickness,
thereby suppressing tunneling or leakage of carriers. As will
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be described later, to form the electrode formation surfaces
14a and 145, a part of the second conductivity type semi-
conductor layer 14 may be removed in the thickness direc-
tion. In addition, when the thickness of the second conduc-
tivity type semiconductor layer 14 is 200 nm or more, such
a partial removal step becomes easy.

[0036] Meanwhile, when the thickness of the second con-
ductivity type semiconductor layer 14 is 500 nm or less, the
second conductivity type semiconductor layer 14 can be
filled substantially completely with the depletion layer. This
makes it easier for a current to flow to the light emitting layer
16, improving the luminous efficiency.

[0037] Thus, the thickness of the second conductivity type
semiconductor layer 14 is more preferably in the range of
300 to 500 nm, and particularly preferably 350 to 500 nm.

[0038] The first conductivity type semiconductor layer 13
preferably has a thickness of 0.1 to 1.5 um. Because the first
conductivity type semiconductor layer 13 is separated from
the light emitting layer 16, the thickness of the first con-
ductivity type semiconductor layer 13 is preferably rela-
tively high, and specifically, is in a range of 0.1 to 1.5 pm so
as to sufficiently supply carriers from the first conductivity
type semiconductor layer 13 to the light emitting layer 16.

[0039] In particular, when the first conductivity type semi-
conductor layer 13 is a p-type nitride semiconductor layer,
preferably, for example, the concentration of the p-type
dopant (Mg or the like) is set lower than a typical concen-
tration thereof, and instead the first conductivity type semi-
conductor layer 13 is made thicker. For example, the con-
centration of Mg in the first conductivity type semiconductor
layer 13 may be set to 1x10'7 to 1x10"%cm>, and the
thickness of the first conductivity type semiconductor layer
13 may be 1 um or more. This makes it possible to supply
a sufficient amount of holes while improving the crystallin-
ity of the p-type nitride semiconductor.

[0040] In the top view as shown in FIG. 1, each of the first
distance 21d between the first electrode 21 and the light
emitting layer 16 and the second distance 22d between the
second electrode 22 and the light emitting layer 16 is
preferably in the range of 1 to 4 um. As used herein, the term
“first distance 214 refers to the shortest distance between
the first electrode 21 and the light emitting layer 16 in the top
view, whereas the term “second distance 224" refers to the
shortest distance between the second electrode 22 and the
light emitting layer 16.

[0041] When each of the first and second distances 21d
and 224 is 1 pm or more, possibility of short-circuiting
between the first and second electrodes 21 and 22 and the
light emitting layer 16 can be reduced. When each of the first
and second distances 21d and 22d is 4 pm or less, the
efficiency of current injection from the first electrode 21 or
second electrode 22 into the light emitting layer 16 can he
improved.

[0042] Each of the first distance 214 and the second
distance 22d is more preferably in the range of 2 to 4 pm.
The first distance 214 and the second distance 22d may be
the same as or different from each other.

[0043] As shown in FIG. 1, the dimension 16w of the light
emitting layer 16 in the direction of separation between the
first electrode 21 and the second electrode 22 is preferably
in the range of 1 to 30 um. When the above-mentioned
dimension is 1 um or more, a sufficient light emission region
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can be secured. When the above-mentioned dimension is 30
um or less, the voltage required to emit light can be
appropriately reduced.

[0044] As used herein, the expression “direction of sepa-
ration between the first electrode 21 and the second elec-
trode 22” refers to a direction in which a distance between
the first electrode 21 and the second electrode 22 is shortest.
The expression “dimension 16w of the light emitting layer
16 in the direction of separation” means the dimension of the
light emitting layer 16 measured along the direction of
separation. It should be noted that as the direction of
separation may vary depending on the arrangement of the
first electrode 21 and the second electrode 22, the dimension
16w of the light emitting layer 16 in the direction of
separation may also vary depending on the arrangement of
the first electrode 21 and the second electrode 22.

[0045] For example, in the light emitting element 1 shown
in FIG. 1, the direction in which the first electrode 21 and the
second electrode 22 are connected to have the shortest
distance therebetween (the direction along the line II-II) is
the direction (x direction) that is orthogonal to the longitu-
dinal direction (y direction) of the light emitting layer 16.
That is, the expression “direction of separation between the
first electrode 21 and the second electrode 22” coincides
with the x direction. Thus, the dimension 16w of the light
emitting layer 16 is the dimension of the light emitting layer
16 in the x direction (the width of the light emitting layer
16).

[0046] On the other hand, in a modification shown in FIG.
4 (light emitting element 2), the direction in which the first
electrode 21 and the second electrode 22 are connected to
have the shortest distance therebetween is the direction
along the straight line L that connects the first electrode 21
and the second electrode 22 at the shortest distance. That is,
the expression “direction of separation between the first
electrode 21 and the second electrode 22” coincides with the
extending direction of the straight line L. Thus, the dimen-
sion 16w of the light emitting layer 16 is the dimension of
the light emitting layer 16 in the extending direction of the
straight line L.

[0047] As can be seen from FIGS. 1 and 4, the dimension
16w of the light emitting layer 16 may coincide with the
width of the light emitting layer 16 or may be larger than the
width of the light emitting layer 16, depending on the
arrangement of the first electrode 21 and the second elec-
trode 22.

[0048] In the light emitting element 2 shown in FIG. 4, in
the top view, the first distance 21d between the first electrode
21 and the light emitting layer 16 and the second distance
22d between the second electrode 22 and the light emitting
layer 16 are not related to the straight line L that connects the
first electrode 21 and the second electrode 22 at the shortest
distance. As mentioned above, the term “first distance 21d”
is the shortest distance between the first electrode 21 and the
light emitting layer 16, while the term “second distance 224"
is the shortest distance between the second electrode 22 and
the light emitting layer 16. Thus, in FIG. 4, the first distance
21d is the distance between the first electrode 21 and the
light emitting layer 16 in the x direction, and the second
distance 224 is the distance between the second electrode 22
and the light emitting layer 16 in the x direction.

[0049] As shown in FIG. 2, the cap layer 17 may be
provided over the light emitting layer 16 so as to protect the
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light emitting layer 16. The cap layer 17 may be formed of
an undoped nitride semiconductor.

[0050] As shown in FIG. 2, the superlattice layer 15 may
be provided between the second conductivity type semicon-
ductor layer 14 and the light emitting layer 16. By providing
the superlattice layer 15 in this position, the luminous
efficiency of the light emitting layer 16 stacked thereon can
be improved.

[0051] Each component of the light emitting element 1 of
the present embodiment will be described below.

(Substrate 31)

[0052] The substrate 31 may employ any one of an insu-
lating substrate, a semiconductor substrate and a conductive
substrate.

[0053] When the first conductivity type semiconductor
layer 13, the second conductivity type semiconductor layer
14 and the light emitting layer 16 are made of nitride
semiconductors, the substrate 31 may employ an insulating
substrate made of sapphire or the like (with any one of the
C-plane, the R-plane and the A-plane as the main surface),
or a conductive substrate made of SiC (including 6H—SiC,
4H—SiC and 3C—SiC), Si, or the like. For example, a
sapphire substrate can be used as the substrate 31. The
substrate 31 may he finally removed or may not be removed.
[0054] The main surface (semiconductor growth surface)
of the sapphire substrate may have a plurality of projections,
each having a triangular pyramid shape or the like, in order
to improve light extraction efficiency.

<Semiconductor Layers>

[0055] The light emitting element 1 includes the first
conductivity type semiconductor layer 13, the second con-
ductivity type semiconductor layer 14 and the light emitting
layer 16 as the semiconductor layers. The light emitting
element 1 may further include semiconductor layers, such as
the buffer layer 11, the underlayer 12, the superlattice layer
15 and the cap layer 17.

[0056] Examples of semiconductors constituting the semi-
conductor layers include nitride semiconductors, such as
GaN-based semiconductors, as well as GaAs-based semi-
conductors, SiC-based semiconductors and ZeSe-based
semiconductors. The semiconductor layer can be formed of,
for example, a nitride semiconductor. Examples of the
nitride semiconductor include a GaN-based semiconductor
(InyAlyGa, , N (0=X, 0<Y, X+Y=1)). The term “nitride
semiconductor” as used herein also includes a mixed crystal
in which at least a part of at least one element of a nitride
semiconductor is substituted. These nitride semiconductor
layers are formed by being doped with n-type or p-type
impurities or are formed undoped, depending on the appli-
cation of each layer.

[0057] The semiconducting layers can be formed by
known techniques, such as metal-organic chemical vapor
deposition (MOCVD), hydride vapor phase epitaxy
(HVPE), molecular beam epitaxy (MBE), and the like.
[0058] The respective semiconductor layers wall be
described in detail below.

(First Conductivity Type Semiconductor Layer 13)

[0059] The first conductivity type semiconductor layer 13
may be a p-type nitride semiconductor layer. The p-type
nitride semiconductor layer can be formed of, for example,
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Mg-doped GaN. The doping amount of Mg is in the range
of, for example, 1x10'7 to 1x10°°/cm?®. Specifically, when
forming the p-type nitride semiconductor layer with a thick-
ness of 1 um or more, the doping amount of Mg is preferably
in the range of 1x10'7 to 1x10'%/cm®. A p-type impurity
other than Mg may be used.

[0060] As mentioned above, the thickness of the first
conductivity type semiconductor layer 13 is preferably 0.1
to 1.5 pm.

(Second Conductivity Type Semiconductor Layer 14)

[0061] The second conductivity type semiconductor layer
14 may be an n-type nitride semiconductor layer. The n-type
nitride semiconductor layer can be formed of, for example,
Si-doped GaN or undoped GaN. When the n-type nitride
semiconductor layer is doped with Si, the doping amount of
Si is preferably 1x107to 1x10*°/cm>. An n-type impurity
other than Si may be used.

[0062] As mentioned above, the thickness of the second
conductivity type semiconductor layer 14 is preferably in the
range of 200 to 500 nm, more preferably 300 to 500 nm, and
particularly preferably 350 to 500 nm.

(Light Emitting Layer 16)

[0063] The light emitting layer 16 may be a nitride semi-
conductor layer made of InGaN, GaN, AlGaN, or the like,
thereby making it possible to produce the light emitting
element 1 that is capable of emitting light in the range from
the ultraviolet region to visible light (red light) region with
high luminous efficiency. The light emitting layer 16 may
have a quantum well structure. For example, the light
emitting layer 16 may be formed by a single quantum well
structure or a multilayer quantum well structure, in which a
barrier layer made of GaN and a well layer made of
In,Ga, N are stacked one on top of the other.

[0064] The emission wavelength of the light emitting layer
can be changed by adjusting the band gap energy of the well
layer. Because the light emitting layer 16 is provided over
the first conductivity type semiconductor layer 13 and the
second conductivity type semiconductor layer 14, as men-
tioned above, an In-containing nitride semiconductor layer
that has a relatively large In composition ratio is easily
grown as the well layer. For example, the well layer made of
InyGa, N can be grown to have an In composition ratio
(“x” of the composition equation In,Ga, N ranging from
30 to 50% (x=0.30 to 0.50).

(Butler Layer 11, Underlayer 12)

[0065] The buffer layer 11 and the underlayer 12 are
formed between the substrate 31 and the first conductivity
type semiconductor layer 13. The buffer layer 11 can be
formed of, for example, an AlGaN layer of 10 to 20 nm in
thickness. The underlayer 12 may be formed of, for
example, an undoped nitride semiconductor layer of 1 to 10
um in thickness.

(Superlattice Layer 15)

[0066] The superlattice layer 15 is a layer for increasing
the luminous efficiency of the light emitting layer 16, and is
formed under the light emitting layer 16. The superlattice
layer 15 can be formed, for example, by alternately stacking
first layers made of GaN and second layers made of InGaN.
For example, 5 to 30 pairs of the first and second layers can
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be stacked one on top of the other. For example, the
thickness of each of the first layer ranges from 1 to 2 nm,
while the thickness of each of the second layers ranges from
2 to 4 nm. The total thickness of the superlattice layer 15
ranges, for example, from 15 to 180 nm.

(Cap Layer 17)

[0067] The cap layer 17 is a layer for protecting the light
emitting layer 16, and is formed over the light emitting layer
16. The cap layer 17 can be formed of, for example, a GaN
layer of 5 to 15 mm in thickness.

(First Electrode 21, Second Electrode 22)

[0068] The first electrode 21 and the second electrode 22
can be formed of one or more materials selected from
metals, such as Ti, Al and Au, and conductive oxides, such
as an indium tin oxide (ITO). For example, each of the first
and second electrodes 21 and 22 can be formed from a
multilayer metal film that includes a lamination of a Ti film
and an Al film. In order to emit light in the same manner
regardless of the direction in which the current flows
between these electrodes, the first electrode 21 and the
second electrode 22 are preferably formed of the same
material. The first electrode 21 and the second electrode 22
can be formed at positions that do not overlap with the light
emitting layer 16 in the top view. Thus, the first electrode 21
and the second electrode 22 can be made of an appropriate
material selected from materials having good conductivity
without considering the light transmitting properties or light
absorbing properties for the light emitted from the light
emitting layer 16. The first electrode 21 and the second
electrode 22 can be formed by a film forming method, such
as a sputtering method.

EXAMPLES

[0069] A light emitting element in an Example was fab-
ricated in the following ways.

(Substrate 31)

[0070] A substrate with a thickness of 850 um, made of
sapphire (main surface: C-plane), was used as the substrate
31. The surface of the substrate was cleaned at 1,050° C.
under a hydrogen atmosphere in a MOCVD reactor.

(Bufter Layer 11)

[0071] The buffer layer 11 with a thickness of approxi-
mately 18 nm, made of AlGaN, was grown on the substrate
at a temperature of 550° C. using TMA, TMG and ammonia
as source gas.

(Underlayer 12)

[0072] The underlayer 12 was formed of a first underlayer
and a second underlayer.

[0073] The first underlayer 12 made of a GaN layer with
a thickness of approximately 1.5 um was grown on the
substrate 31 at a temperature of 1,050° C. using TMG and
ammonia as source gas.

[0074] Subsequently, the second underlayer 12 made of a
GaN layer with a thickness of approximately 1.5 pm was
grown on the first underlayer at a temperature of 1,150° C.
using TMG and ammonia as source gas.
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[0075] In this way, the underlayer 12 with a thickness of
approximately 3 pm was formed.

(First Conductivity Type Semiconductor Layer 13)

[0076] Subsequently, the first conductivity type semicon-
ductor layer 13 (p-type nitride semiconductor layer) with a
thickness of 1.3 um, made of GaN doped with Mg at a
doping amount of 2x10'7/cm?, was grown on the underlayer
12 at a temperature of 840° C. using TMG, ammonia and
Cp,Mg.

(Second Conductivity Type Semiconductor Layer 14)

[0077] Then, the second conductivity type semiconductor
layer 14 (n-type nitride semiconductor layer) with a thick-
ness of 250 nm, made of n-type GaN doped with Si at a
doping amount of 1x10'%/cm>, was grown on the first
conductivity type semiconductor layer 13 at 1,150° C. using
TMG, ammonia and monosilane.

(Superlattice Layer 15)

[0078] Then, GaN layers each having a thickness of 2 nm,
and In, ,sGa, osN layers each having a thickness of 1 nm
were alternately grown on the second conductivity type
semiconductor layer 14 at a temperature of 860° C. using
TEG, TMI and ammonia as source gas to form five pairs of
GaN and In, osGa, 45N layers. Finally, a GaN layer with a
thickness of 2 nm was grown on the five pairs of layers to
thereby form the superlattice layer 15.

(Light Emitting Layer 16)

[0079] Then, the light emitting layer 16 (single well layer)
with a thickness of 3.5 nm, made of In, ,;Ga, 4,N, was
grown on the superlattice layer 15 at a temperature of 840°
C. by using TEG, TMI and ammonia as source gas.

(Cap Layer 17)

[0080] Subsequently, the cap layer 17 made of'a GaN layer
with a thickness of approximately 10 nm was grown over the
substrate at a temperature of 840° C. by using TMG and
ammonia as source gas.

[0081] Thereafter, partial regions of the cap layer 17, the
light emitting layer 16 and the superlattice layer 15 were
removed to expose the second conductivity type semicon-
ductor layer 14. At this time, the positions and ranges of the
removed regions R, and R, (denoted by reference characters
R, and R, in FIGS. 1 and 2) were determined such that the
removed regions R, and R, were located at two positions
and on both sides of the remaining light emitting layer 16 in
the top view. Furthermore, simultaneously, part (of about 70
to 90 nm) in the thickness direction of the second conduc-
tivity type semiconductor layer 14 was also removed. The
electrode formation surfaces 14a and 145 are defined as the
surfaces of the second conductivity type semiconductor
layer 14 that are slightly recessed with respect to the light
emitting layer formation surface 14c.

[0082] Finally, the first electrode 21 and the second elec-
trode 22 were formed on the electrode formation surfaces
14a and 1454, respectively. An ITO layer with a thickness of
60 nm was formed by the sputtering method to form the first
and second electrodes 21 and 22.
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[0083] The dimensions of the respective components of
the obtained light emitting element 1 (FIGS. 1 and 2) were
as follows.

[0084] The light emitting element 1 has a width 1W of
approximately 500 um.

[0085] The light emitting element 1 has a length 1 L. of
approximately 250 um.

[0086] The dimension 16w of the light emitting layer 16 in
the direction of separation between the first electrode 21 and
the second electrode 22 is 30 um.

[0087] Each of the width 21w of the first electrode 21 and
the width 22w of the second electrode 22 is 220 pum.
[0088] Each of the length 21L of the first electrode 21 and
the length 221 of the second electrode 22 is 230 pm.
[0089] Each of the first distance 21d between the first
electrode 21 and the light emitting layer 16 and the second
distance 22d between the second electrode 22 and the light
emitting layer 16 is 4 um.

[0090] The obtained light emitting element I was used for
(1) measurement of I-V characteristics and (2) lighting
experiments.

(1) Measurement of I-V Characteristics

[0091] The I-V characteristics (current-voltage character-
istics) of the light emitting element 1 were measured by
applying an electric current between the first electrode 21
and the second electrode 22 of the light emitting element 1.
The measurement results are shown in FIG. 5. In FIG. 5,
when a voltage is applied from the first electrode 21 to the
second electrode 22, values (voltages) on the horizontal axis
of the graph are positive, whereas when a voltage is applied
from the second electrode 22 to the first electrode 21, values
(voltages) on the horizontal axis of the graph are negative.
[0092] As can be seen from FIG. 5, the light emitting
element 1 does not exhibit the rectifying characteristics,
such as that exhibited by the conventional LED, and shows
the I-V curve that shows the point reflection in the origin.
The rise voltage was approximately 20 V.

(2) Lighting Experiments

[0093] The light emitting element 1 was lit up by applying
an electric current between the first electrode 21 and the
second electrode 22 of the light emitting element 1. As
shown in FIG. 6, for the current I of each of 1 mA, 2 mA and
3 mA, it was confirmed that the light emitting element 1 was
lit up when applying the electric current with the first
electrode 21 connected to the negative electrode of the
external power source and the second electrode 22 con-
nected to the positive electrode thereof, and also when
applying the electric current with the first electrode 21
connected to the positive electrode of the external power
source and the second electrode 22 connected to the negative
terminal thereof.
[0094] From the results of the I-V characteristics and
lighting experiments, it was confirmed that the light emitting
element according to Example did not exhibit the rectifying
characteristics. Thus, the light emitting element according to
Example can emit light continuously by AC current.

What is claimed is:

1. A light emitting element comprising:

a first conductivity type semiconductor layer;

a second conductivity type semiconductor layer disposed

over the first conductivity type semiconductor layer;
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a first electrode and a second electrode disposed over the
second conductivity type semiconductor layer and
spaced apart from each other; and

a light emitting layer disposed over the second conduc-
tivity type semiconductor layer and, in a top view,
positioned between the first electrode and the second
electrode.

2. The light emitting element according to claim 1,
wherein each of the first conductivity type semiconductor
layer, the second conductivity type semiconductor layer, and
the light emitting layer is made of a nitride semiconductor.

3. The light emitting element according to claim 2, further
comprising:

a substrate; and

undoped nitride semiconductor layer disposed over the
substrate;

wherein the first conductivity type semiconductor layer is
disposed over the undoped nitride semiconductor layer.

4. The light emitting element according to claim 2,
wherein:

the first conductivity type semiconductor layer is a p-type
nitride semiconductor layer; and

the second conductivity type semiconductor layer is an
n-type nitride semiconductor layer.

5. The light emitting element according to claim. 2,
wherein a thickness of the second conductivity type semi-
conductor layer is in a range of 200 to 500 nm.

6. The light emitting element according to claim 2,
wherein a thickness of the first conductivity type semicon-
ductor layer is in a range of 0.1 to 1.5 pm.

7. The light emitting element according to claim 2,
wherein each of a first distance between the first electrode
and the light emitting layer and a second distance between
the second electrode and the light emitting layer is in a range
of 1 to 4 ym in the top view.

8. The light emitting element according to claim 2,
wherein a dimension of the light emitting layer in a direction
of separation between the first electrode and the second
electrode is in a range of 1 to 30 pm.

9. The light emitting element according to claim 2, further
comprising:

a cap layer formed of an undoped nitride semiconductor

and disposed over the light emitting layer.

Apr. 2, 2020

10. The light emitting element according to claim 2,
further comprising:

a superlattice layer between the second conductivity type

semiconductor layer and the light emitting layer.

11. A light emitting element comprising:

a first conductivity type semiconductor layer;

a second conductivity type semiconductor layer disposed

over the first conductivity type semiconductor layer;

a light emitting layer disposed over the second conduc-

tivity type semiconductor layer; and

a first electrode and a second electrode disposed on the

second conductivity type semiconductor layer and
spaced apart from each other.

12. The light emitting element according to claim 11,
wherein the first electrode and the second electrode are made
of one or more materials selected from metals and conduc-
tive oxides.

13. The light emitting element according to claim. 11,
wherein each of the first conductivity type semiconductor
layer, the second conductivity type semiconductor layer, and
the light emitting layer is made of a nitride semiconductor.

14. The light emitting element according to claim 13,
wherein the first conductivity type semiconductor layer is a
Mg-doped GaN layer.

15. The light emitting element according to claim 13,
wherein the second conductivity type semiconductor layer is
a Si-doped GaN layer or an undoped GaN layer.

16. The light emitting element according to claim 13,
further comprising:

a substrate; and

an undoped nitride semiconductor layer disposed over the

substrate;

wherein the first conductivity type semiconductor layer is

disposed over the undoped nitride semiconductor layer.

17. The light emitting element according to claim 13,
further comprising:

a cap layer formed of an undoped nitride semiconductor

and disposed over the light emitting layer.

18. The light emitting element according to claim 13,
further comprising:

a superlattice layer between the second conductivity type

semiconductor layer and the light emitting layer.

#* #* #* #* #*
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