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Description
TECHNICAL FIELD
[0001] The present disclosure relates to a semiconductor light emitting element.
BACKGROUND ART

[0002] In these days, attention has been drawn to on-vehicle laser head light sources which improve brightness by
using, as light sources, semiconductor laser elements having a higher light emitting intensity than those of LEDs.
[0003] Super high-output semiconductor blue laser elements capable of operating in long periods that are several
thousand hours or more even when Watt-class high-output operations are performed at a temperature of 85 degrees
Celsius inawavelength band including 450 nm have been desired as semiconductor laser elements which are used for on-
vehicle head light sources.

[0004] When yellow light can be obtained by exciting phosphors with such a super high-output blue laser light, it
becomes possible to obtain super high-output light sources which output white light as a whole.

[0005] In order to provide such highly-reliable super high-output semiconductor laser elements, self-heating in laser
oscillation operations needs to be reduced as much as possible. For this reason, there is a need to enable operations that
only require super low power consumption in the super high-output semiconductor laser elements.

[0006] In order to achieve a semiconductor laser element which requires only a low operation current, it is important to
reduce, even in an operation at a high temperature of 85 degrees Celsius, occurrence of reactive current (that is leakage
current) leaking from an active layer from a p-type clad layer when electrons injected to the active layer are thermally
excited.

[0007] Inordertoreduce occurrence of leakage current, it is effective to provide an electron barrier layer having a band
gap energy higher than that of a p-type clad layer between the p-type clad layer and an active layer, as indicated in Patent
Literature 1 and Patent Literature 2. Such a configuration makes it possible to reduce occurrence of leakage current
because itis difficult for electrons injected to the active layer, even when thermally excited, to go beyond the electron barrier
layer having the high band gap energy.

Citation List
Patent Literature
[0008]

PTL 1: Japanese Unexamined Patent Application Publication No. 2002-270971
PTL 2: International Publication No. 2017/195502
PTL 3: EP 2 772 950.

[0009] PTL 3discloses asemiconductorlightemitting elementthatuses nitride semiconductors, the semiconductor light
emitting element includes an n-type semiconductor layer including a nitride semiconductor, a p-type semiconductor layer
and a light emitting layer. The p-type semiconductor layerincludes a first p-side layer of Alx 1Ga1-x 1N (0 <x1< 1)including
Mg, a second p-side layer of Alx 2Ga1-x2N (0 <x2< 1) including Mg and a third p-side layer of AIx3Ga1-x3N (x2<x3< 1)
including Mg. The light emitting layer is provided between the n-type semiconductor layer and the second p-side layer. The
light emitting layer includes barrier layers and well layers. Each of the well layers is provided between the barrier layers. A
p-side barrier layer of the barrier layers most proximal to the second p-side layer includes a first layer of Alz1Ga1-z1N (0
<z1), and a second layer of Alz2Ga1-z2N (z1<z2<x2). Several examples of the Al composition ratio for the semiconductor
light emitting elements are disclosed. In an example, the Al composition ratio of the semiconductor light emitting element
changes gradually between the firstlayer and the second layer, between the second layer and the second p-side layer, and
between the second p-side layer and the third p-side layer. Inthe example, the Al composition ratio is substantially constant
inside each of the layers. The Al composition ratio increases along the direction from the p-side barrier layer toward the p-
type contact layer. In a second example, the Al composition ratio of the semiconductor light emitting element changes
(increases) in each of the layers. In a third example, the Al composition ratio of the semiconductor light emitting element
changes continuously between the layers and inside each of the layers.



10

15

20

25

30

35

40

45

50

55

EP 3 780 302 B9
SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0010] Forexample, astructure of the semiconductor light emitting element disclosed in Patent Literature 1 is described
with reference to FIG. 33. FIG. 33 is a schematic diagram illustrating a layer structure of a semiconductor light emitting
element disclosed in Patent Literature 1. Each of the structural diagram (a) and graph (b) in FIG. 33 illustrates a stacking
structure and a band structure of the semiconductor light emitting element disclosed in Patent Literature 1. As illustrated in
FIG. 33, in the semiconductor light emitting element disclosed in Patent Literature 1, active layer 212 is sandwiched
between n-type layer 211 and p-type layer 213. Between active layer 212 and upper clad layer 230, p-side electron
confinement layer 228 is disposed. The p-side electron confinement layer 228 corresponds to the electron barrier layer
having the band gap energy higher than that of upper clad layer 230. With this configuration, electrons injected to active
layer 212, even in an operation at a high temperature, less leak to upper clad layer 230 because of an energy barrier of p-
side electron confinement layer 228 including AlGaN.

[0011] Next, the semiconductorlight emitting element disclosed in Patent Literature 2 is described with reference to FIG.
34. FIG. 34 is a schematic diagram illustrating a band structure distribution of the semiconductor light emitting element
disclosed in Patent Literature 2. As illustrated in FIG. 34, Patent Literature 2 gradually changes an Al composition ratio at
one of the interfaces of electron barrier layer 418 including AIGaN, specifically, the interface at the side of active layer 415.
In this way, a polarization field formed at the interface is dispersed in a region in which Al composition ratios vary to reduce
change in band structure because of the polarization field of electron barrier layer 418, thereby reducing voltages required
for operations.

[0012] Here, when the Al composition ratio in a region which is of the electron barrier layer and at an n-type clad layer
side is gradually increased from the active layer side toward the p-type clad layer side, it becomes possible to gradually
change the polarization field and the band gap. At this time, when it is possible to cancel change in band structure of the
valence band because of the polarization field and change in band gap energy, it becomes possible to increase the energy
barrier against electrons while reducing increase in the energy barrier against holes in the electron barrier layer.
[0013] However, althoughitis possible to obtain the effect of increasing the energy barrier against holes in the electron
barrier layer and the effect of increasing the energy barrier against electrons, the effect of voltage reduction is insufficient.
[0014] As described above, super high-output semiconductor blue laser elements capable of operating in long periods
that are several thousand hours or more even when Watt-class high-output operations are performed at a temperature of
85 degrees Celsius have been desired for on-vehicle head light sources. Thus, there is a need to reduce electric power to
be consumed by the super high-output semiconductor blue laser elements. For this reason, there is a need to reduce
waveguide losses, leakage currents, and operation voltages at the same time.

[0015] The presentdisclosure has been made to solve the above problem, and has an object to provide a semiconductor
light emitting element that consumes only low power even in an operation at a high temperature.

SOLUTION TO PROBLEM

[0016] A semiconductor light emitting element according to the present invention is defined in independent claims 1, 7
and 8. Further embodiments are subject of the dependent claims.

[0017] According to the present disclosure, the surface density of polarization charges formed in the electron barrier
layer increases in the stacking direction from the active layer side, which can be shown in a graph with a linear change
having a small gradient to a linear change having a large gradient. In this case, the magnitude of the polarization chargesis
proportional to the change rate of the surface density of the polarization charges, and thus positive polarization charges
having a magnitude that increases in two levels in the stacking direction from the active layer side in the electron barrier
layer.

[0018] As a result, the surface density of the positive polarization charges that occur at the interface which is of the
electron barrier layer and at the side of the active layer decreases. At this time, electrons are guided to the interface at the
side of the active layer to satisfy an electrical neutrality condition. Since the density of positive polarization charges in a
region which is in the electron barrier layer and in the vicinity of the active layer is small, and thus the concentration of
electrons electrically guided to the interface is also small.

[0019] Forthis reason, decrease in the band potential due to the influence of electrons occurred at the interface of the
electron barrier layer atthe side of the active layer is reduced, the potential barrier against holes to be formed in the valence
band becomes small, and the potential barrier against electrons to be formed in the conduction band increases.
[0020] Thisresultsinincrease in the effect of reducing, in a high-output operation at a high temperature, a phenomenon
(that is, electron overflow) in which electrons are thermally excited, go beyond the electron barrier layer, and leak to the
second semiconductor layer.

[0021] Asaresult,itis possible toimplementa semiconductor light emitting element which operates atalower operation
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voltage and generates a smaller leakage current, compared with the conventional electron barrier layer. In addition, as a
result of reduction in self-heating of the semiconductor light emitting element, it becomes possible to obtain a semi-
conductor light emitting element which consumes only low power even in an operation at a high temperature.

ADVANTAGEOUS EFFECTS OF INVENTION

[0022] According to the present disclosure, it is possible to provide a semiconductor light emitting element that
consumes only low power even in an operation at a high temperature.

BRIEF DESCRIPTION OF DRAWINGS
[0023]

FIG. 1Ais a schematic cross-sectional diagramiillustrating a schematic configuration of a semiconductor light emitting
element according to Embodiment 1.

FIG. 1B is a graph showing a conduction band energy distribution in a stacking direction of an active layer according to
Embodiment 1.

FIG. 2 is a schematic diagram illustrating a configuration of an electron barrier layer of a semiconductor light emitting
element according to Comparison Example 1.

FIG. 3is a schematic diagramillustrating a configuration of an electron barrier layer of the semiconductor light emitting
element according to Embodiment 1.1, which is not in accordance with the present invention.

FIG. 4Ais a schematic diagram illustrating a first example of a band gap energy distribution in the stacking direction of
the electron barrier layer of the semiconductor light emitting element according to Embodiment 1, which is not in
accordance with the present invention.

FIG. 4Bis aschematicdiagramillustrating a second example of a band gap energy distribution in the stacking direction
of the electron barrier layer of the semiconductor light emitting element according to Embodiment 1, which is not in
accordance with the present invention.

FIG. 5Ais a schematic diagramillustrating a third example of a band gap energy distribution in the stacking direction of
the electron barrier layer of the semiconductor light emitting element according to Embodiment 1.

FIG. 5B is a schematic diagram illustrating a fourth example of a band gap energy distribution in the stacking direction
of the electron barrier layer of the semiconductor light emitting element according to Embodiment 1.

FIG. 5Cis a schematic diagram illustrating a fifth example of a band gap energy distribution in the stacking direction of
the electron barrier layer of the semiconductor light emitting element according to Embodiment 1.

FIG. 5D is aschematic diagram illustrating a sixth example of a band gap energy distribution in the stacking direction of
the electron barrier layer of the semiconductor light emitting element according to Embodiment 1.

FIG. 6 is a diagram illustrating one example of an Al composition ratio in the stacking direction of the electron barrier
layer according to Embodiment 1.

FIG. 7 is a diagram illustrating one example of an Al composition ratio in the stacking direction of the electron barrier
layer according to Embodiment 1.

FIG. 8 is a diagram indicating a simulation result of a first configuration example of the semiconductor light emitting
element according to Embodiment 1, which is not in accordance with the present invention.

FIG. 9is adiagramindicating a simulation result of the semiconductor light emitting element according to Comparison
Example 2.

FIG. 10 is a diagram indicating a simulation result of a second configuration example of the semiconductor light
emitting element according to Embodiment 1, which is not in accordance with the present invention.

FIG. 11 is a diagram indicating a simulation result of a third configuration example of the semiconductor light emitting
element according to Embodiment 1, which is not in accordance with the present invention.

FIG. 12 is a diagram indicating a simulation result of the semiconductor light emitting element according to
Comparison Example 3.

FIG. 13 is a schematic diagram illustrating an Al composition ratio distribution shape of the electron barrier layer used
in the simulation.

FIG. 14 includes graphs each showing simulation results in the case where the electron barrier layer has a film
thickness of 5 nm.

FIG. 15 includes graphs each showing simulation results in the case where the electron barrier layer has a film
thickness of 15 nm.

FIG. 16 is a schematic diagram indicating an impurity doping profile of a second semiconductor layer in the
semiconductor light emitting element according to Embodiment 1, which is not in accordance with the present
invention.
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FIG. 17Ais a graph showing impurity concentration dependencies in a low impurity concentration region with respect
to operation voltages in the semiconductor light emitting element according to Embodiment 1.

FIG. 17B is a graph showing impurity concentration dependencies in a low impurity concentration region with respect
to waveguide losses in the semiconductor light emitting element according to Embodiment 1.

FIG. 18 is a graph showing calculation results of valence band structures and hole Fermi levels in the case where the
impurity doping concentration in the low impurity concentration region according to Embodiment 1 is changed from 1
X 1017 cm3to 1 X 1019 cm3.

FIG. 19 includes graphs each showing characteristics of the semiconductor light emitting elements when the Al
composition ratio distribution shapes of electron barrier layers are shape a, shape b, and shape c.

FIG. 20 is a schematic diagram explaining the shape of polarization charges in a composition ratio gradient regionin a
third light guide layer of a semiconductor light emitting element according to Embodiment 2, which is notin accordance
with the present invention.

FIG. 21 is a schematic diagram explaining the shape of polarization charges in a third light guide layer of a
semiconductor light emitting element according to Comparison Example 4.

FIG. 22A is a graph showing an Mg doping region length dependencies with respect to operation voltages of the
semiconductor light emitting element according to Embodiment 2 in each of the cases where Mg doping concentra-
tions are 5 X 1018 cm3, 1 X 1019 cm3, or 2 X 1019 cm-3.

FIG. 22B is a graph showing an Mg doping region length dependencies with respect to operation voltages of the
semiconductor light emitting element according to Embodiment 2 in each of the cases where Mg doping concentra-
tions are 5 X 1018 cm-3, 1 X 1019 cm-3, or 2 X 1019 cm3.

FIG. 22C is a graph showing an Mg doping region length dependencies with respect to operation voltages of the
semiconductor light emitting element according to Embodiment 2 in each of the cases where Mg doping concentra-
tions are 5 X 1018 cm-3, 1 X 1019%cm-3, or 2 X 1019 cm-3.

FIG. 23 is a schematic diagram illustrating an aspect of impurity doping according to Embodiment 2.

FIG. 24 includes graphs showing a conduction band structure and a valence band structure in the case where Si is
doped in a barrier layer in the semiconductor element according to Embodiment 2.

FIG. 25 includes graphs showing a conduction band structure and a valence band structure in the case where Si is
doped atthe interface between the barrier layer and a second light guide layer in the semiconductor elementaccording
to Embodiment 2.

FIG. 26 is a schematic diagram illustrating an aspect of impurity doping according to Embodiment 3, which is not in
accordance with the present invention.

FIG. 27 includes graphs showing a conduction band structure and a valence band structure in the case where Si is
doped in a barrier layer in a semiconductor element according to Embodiment 3.

FIG. 28 includes graphs showing a conduction band structure and a valence band structure in the case where Si is
doped atthe interface between the barrier layer and a second light guide layer in the semiconductor elementaccording
to Embodiment 3.

FIG. 29 is a schematic diagram indicating a relationship between an impurity doping profile and a band gap energy
distribution of a semiconductor light emitting element according to Embodiment 4, which is not in accordance with the
present invention.

FIG. 30 includes graphs showing calculation results of Al composition ratio dependencies in a first semiconductor
layer and a second semiconductor layer with respect to operation voltages in operations at 300 mA in the
semiconductor light emitting element according to Embodiment 4.

FIG. 31 is a schematic cross-sectional diagrami illustrating a schematic configuration of a semiconductor light emitting
element according to Embodiment 5.

FIG. 32 includes graphs showing calculation results of light confinement coefficients and effective refractive index
differences in the semiconductor light emitting element according to Embodiment 5.

FIG. 33 is a schematic diagram illustrating a layer structure of a semiconductor light emitting element disclosed in
Patent Literature 1.

FIG. 34 is a schematic diagram illustrating a band structure distribution of a semiconductor light emitting element
disclosed in Patent Literature 2.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0024] Hereinafter, embodiments according to the present disclosure are described with reference to the drawings. Itis
to be noted that each of the embodiments described below indicates a specific example of the present disclosure.
Accordingly, the numerical values, shapes, materials, constituent elements, the arrangement and connection of the
constituent elements, etc. indicated in the following embodiments are mere examples, and therefore do not limit the scope
of the present disclosure. Therefore, among the constituent elements in the following embodiments, constituent elements
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not recited in the independent claims 1, 7 and 8 that define the most generic concept of the present disclosure are
described as optional constituent elements. Itis to be noted that the invention, as defined in independent claims 1, 7 and 8,
relates only to the embodiments having an electron barrier layer as described in the context of FIGs. 5a-5d, FIG. 6 and FIG.
7. Embodiments having a different electron barrier layer, in particular having an electron barrier layer as disclosed in FIGs.
2,3,4,8-12, 16, 20, 21 and 29 are not embodiments of the present invention.

[0025] Itis to be noted that each of the drawings is a schematic diagram, and is not necessarily illustrated precisely.
Accordingly, scales, etc. in the respective diagrams are not always the same. In addition, in each of the drawings,
substantially the same constituent elements are assigned with the same numerical signs, and overlapping descriptions are
omitted or simplified.

[0026] Inaddition, inthis Specification, the terms "above" and "below" are used as terms which do not indicate the upper
direction (perpendicularly upper direction) and the lower direction (perpendicularly lower direction) in absolute spatial
recognition and which are defined by the relative positional relationships based on the stacking orders in the respective
stacking structures. In addition, the terms "above" and "below" are also used not only when two constituent elements are
arranged apart from each other and another constituent element is present between the two constituent elements but also
when two constituent elements are arranged in contact with each other.

EMBODIMENT 1
[1-1. Overall configuration]

[0027] An overall configuration of a semiconductor light emitting element according to Embodiment 1 is described with
reference to FIG. 1A. FIG. 1A is a schematic cross-sectional diagram illustrating a schematic configuration of semi-
conductor light emitting element 100 according to this embodiment.

[0028] Semiconductorlightemittingelement 100 according to thisembodimentis a nitride semiconductor laser element.
FIG. 1A illustrates a cross section perpendicular to the resonance direction of semiconductor light emitting element 100.
[0029] As illustrated in FIG. 1A, semiconductor light emitting element 100 includes GaN substrate 11, first semicon-
ductor layer 12, active layer 15, electron barrier layer 18, and second semiconductor layer 19. In this embodiment,
semiconductor light emitting element 100 further includes first light guide layer 13, second light guide layer 14, third light
guide layer 16, intermediate layer 17, contact layer 20, current block layer 30, n-side electrode 31, and p-side electrode 32.
[0030] Firstsemiconductorlayer12isalayerdisposed above GaN substrate 11 and including a nitride semiconductor of
afirst conductivity type. In this embodiment, the first conductivity type is n-type. First semiconductor layer 12 includes an n-
type AlGaN layer having a film thickness of 1.5 um.

[0031] First light guide layer 13 is a semiconductor layer of the first conductivity type which is disposed above first
semiconductor layer 12, includes n-type GaN, and has a film thickness of 100 nm.

[0032] Secondlightguidelayer 14 is alayer whichis disposed above firstlight guide layer 13, includes InGaN, and has a
film thickness of 180 nm.

[0033] Active layer 15 is a layer disposed above first semiconductor layer 12 and including a nitride semiconductor
including Ga or In. In this embodiment, active layer 15 is disposed above second light guide layer 14 and including an
undoped multi quantum well.

[0034] Third light guide layer 16 is a layer disposed above active layer 15, including an InGaN, and having a film
thickness of 90 nm.

[0035] Intermediate layer 17 is a layer disposed between electron barrier layer 18 and active layer 15 and including a
nitride semiconductor. In this embodiment, intermediate layer 17 is disposed between electron barrier layer 18 and third
lightguide layer 16, includes GaN of a second conductivity type, and has a film thickness of 3 nm. The second conductivity
type is a conductivity type different from the first conductivity type, and is p-type in this embodiment.

[0036] Electron barrierlayer 18 is a layer of the second conductivity type disposed above active layer 15 and including a
nitride semiconductor including at least Al. In this embodiment, electron barrier layer 18 is disposed between intermediate
layer 17 and second semiconductor layer 19 and includes p-type AlGaN.

[0037] Second semiconductor layer 19 is a semiconductor layer of the second conductivity type disposed above
electron barrier layer 18, and including a nitride semiconductor of the second conductivity type. In this embodiment,
second semiconductor layer 19 is a p-type AlGaN clad layer having a film thickness of 660 nm.

[0038] Contactlayer20is alayerdisposed above second semiconductor layer 19 and including a nitride semiconductor
of the second conductivity type. In this embodiment, contact layer 20 includes p-type GaN, and has a film thickness of 0.05
pm.

[0039] Currentblock layer 30 is an insulation layer disposed above second semiconductor layer 19 and is transmissive
with respect to light from active layer 15. In this embodiment, current block layer 30 includes SiOs.

[0040] Here, n-side electrode 31 is a conductive layer disposed below GaN substrate 11. For example, n-side electrode
31 is a single-layer film or a multi-layer film formed to include at least one of Cr, Ti, Ni, Pd, Pt, and Au.
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[0041] Here, p-side electrode 32 is a conductive layer disposed above contact layer 20. In this embodiment, p-side
electrode 32 is disposed above contact layer 20 and current block layer 30. For example, p-side electrode 32 is a single-
layer film or a multi-layer film formed to include at least one of Cr, Ti, Ni, Pd, Pt, and Au.

[0042] A ridge is formed on second semiconductor layer 19 of semiconductor light emitting element 100. In this
embodiment, a ridge width W is approximately 30 wm. In addition, as illustrated in FIG. 1A, the distance between a ridge
lowermost portion and the active layer is denoted as dp.

[0043] Here,inthisembodiment,inorderto confine lightin the perpendicular direction (normal direction of the substrate)
with respect to active layer 15, the Al composition ratio of first semiconductor layer 12 including an n-type AlGaN layer and
second semiconductor layer 19 including a p-type AlGaN layeris sett0 0.035 (3.5%). As aresult, arefractive index of each
of first semiconductor layer 12 and second semiconductor layer 19 is smaller than an effective refractive index of a light
distribution which occurs in semiconductor light emitting element 100. Thus, each of first semiconductor layer 12 and
second semiconductor layer 19 functions as a clad layer.

[0044] Increasing the Al composition ratio in each of first semiconductor layer 12 including n-type AlGaN and second
semiconductor layer 19 including p-type AlGaN increases the refractive index difference between (i) active layer 15 and (ii)
each of first semiconductor layer 12 and second semiconductor layer 19 which functions as the clad layer. This makes it
possible to strongly confine light in the stacking direction of active layer 15 (the stacking direction is the direction
perpendicular to a main surface of GaN substrate 11). This enables reduction in oscillation threshold current value.
However, excessive increase in the Al composition ratio in each of first semiconductor layer 12 and second semiconductor
layer 19 including AIGaN generates lattice defects that result in decrease in reliability due to the difference in thermal
expansion coefficient between the AlGaN layer and the GaN substrate. Accordingly, in this embodiment, the Al
composition ratio of each of first semiconductor layer 12 and second semiconductor layer 19 is set to 0.05 (that is,
5%) or less.

[0045] Next, active layer 15 according to this embodiment is described with reference to FIG. 1B. FIG. 1B is a graph
showing a conduction band energy distribution in a stacking direction of active layer 15 according to this embodiment. As
illustrated in FIG. 1B, in order to obtain a laser oscillation of a wavelength of 450 nm, active layer 15 has a double quantum
well (DQW) structure including two well layers 15b and 15d each having a film thickness of 3nm and including InGaN
having an In composition ratio of 0.16 (thatis, 16%). Barrier layers 15a, 15¢, and 15e having film thicknesses of 7 nm, 7 nm,
and 5 nm, respectively, and includes InGaN having an In composition ratio of 0.04 (thatis, 4%). In order to obtain oscillation
laser light having a 450 nm band, each of the well layers needs to have a high In composition ratio of 15% or more. In this
case, a lattice mismatch between each of the well layers and GaN substrate 11is 1.7% or more, and thus increasing the film
thicknesses inevitably causes lattice defects. Decreasing the film thicknesses reduces light confinement coefficients in the
staking direction to the well layers. This increases an oscillation threshold value and an operation carrier density, which
results in increase in leakage current in an operation at a high temperature. Accordingly, in this embodiment, the film
thickness of each well layer is, for example, in a range from 2.7 nm to 3.3 nm, inclusive.

[0046] Inaddition, second lightguide layer 14 and third light guide layer 16 are layers formed toinclude In soastohave a
refractive index higher than those of first semiconductor layer 12 including n-type AlIGaN and second semiconductor layer
19including p-type AlGaN layer. In this way, it is possible to increase the effective refractive index in the distribution of light
which propagates in a waveguide corresponding to the ridge, and to increase the light confinement effect in the stacking
direction in the light distribution by first semiconductor layer 12 and second semiconductor layer 19.

[0047] Here, asmall In composition ratio of each of second light guide layer 14 and third light guide layer 16 leads to less
light confinement in the perpendicular direction to each well layer. This increases an oscillation threshold value and an
operation carrier density. This results in increase in leakage current in an operation at a high temperature. A large In
composition ratio of each of second light guide layer 14 and third light guide layer 16 increases lattice mismatches with GaN
substrate 11, which increases a possibility that lattice defects occur. For this reason, in order to increase the light
confinement coefficients in the perpendicular direction to each well layer without causing lattice defects, in this embodi-
ment, the In composition ratio of each of second light guide layer 14 and third light guide layer 16 is, for example, in arange
from 0.03 (thatis, 3%)t0 0.06 (thatis, 6%), inclusive. In this embodiment, forming second light guide layer 14 and third light
guide layer 16 to have an In composition ratio of 0.03 (that is, 3%) balances the reduction in occurrence of lattice defects
and increase in the light confinement coefficient in the perpendicular direction to each well layer.

[0048] In addition, first light guide layer 13 is a GaN layer which has a lattice constant the value of which is between the
values of lattice constants of first semiconductor layer 12 and second light guide layer 14, and has a band gap energy the
magnitude of which is between that of the band gap energy of each of first semiconductor layer 12 and second light guide
layer 14. As a result, compared with the case in which second light guide layer 14 is formed directly on first semiconductor
layer 12including AIGaN, itis possible to prevent the band structure from changing to a spike-shaped band structure due to
polarization charges that occur at the interface, and to facilitate conduction of electrons to active layer 15.

[0049] In addition, intermediate layer 17 is a GaN layer which has a lattice constant the value of which is between the
lattice constants of electron barrier layer 18 and light guide layer 16, and has a band gap energy the magnitude of which is
between the band gap energy of electron barrier layer 18 and the band gap energy of third light guide layer 16.
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[0050] In addition, forming second light guide layer 14, active layer 15, and third light guide layer 16 having a
compressive lattice strain including In and forming an AlGaN layer having a tractive lattice strain on the former layers
increase stress that occurs at the interface, which may cause crystal defects. Forming intermediate layer 17 to include a
GaN layer having a film thickness of 3 nm enables reduction in stress at the interface.

[0051] Inaddition, excessively thick intermediate layer 17 makes second semiconductor layer 19 having a low refractive
index apart from active layer 15, which weakens light confinement effectin the stacking direction to active layer 15. For this
reason, intermediate layer 17 is formed to have a film thickness of as thin as 10 nm or less. In the semiconductor light
emitting element according to this embodiment, intermediate layer 17 is formed to have a film thickness of 3 nm.
[0052] In addition, current block layer 30 which is a dielectric including SiO, and having a film thickness of 0.1 um is
formed on the side surface of the ridge. In this structure, current injected from contact layer 20 is confined only to the ridge
portion by currentblock layer 30, and thus the currentis injected dominantly on the region located below the bottom portion
oftheridge in active layer 15. In this way, population inversion state necessary for laser oscillation is produced by injecting
current of approximately several hundred mA. Light generated by recombination of carriers including electrons injected to
active layer 15 and holes is confined, in the stacking direction of active layer 15, by second light guide layer 14, third light
guide layer 16, first semiconductor layer 12, and second semiconductor layer 19. As for the direction parallel to active layer
15 (the direction is perpendicular to the stacking direction, and is hereinafter referred to as a horizontal direction), current
block layer 30 has a refractive index lower than the refractive indices of first semiconductor layer 12 and second
semiconductor layer 19, thus it is possible to confine light. In addition, current block layer 30 has a small light absorption
of oscillation laser light, and thus it is possible to produce a low-loss waveguide. In addition, light that propagates in the
waveguide can leak largely to current block layer 30, and thus it is possible to precisely obtain AN of 10-3 order suitable fora
high-output operation (AN denotes the difference in effective refractive index in the stacking direction inside and outside
the ridge). Furthermore, itis possible to precisely control the refractive index difference in the same 10-3 order according to
the distance (dp) between current block layer 30 and active layer 15. For this reason, it is possible to obtain semiconductor
light emitting element 100 which only consumes low current in operation while precisely controlling a light distribution. In
this embodiment, light confinement in the horizontal direction is performed by controlling AN to be 4.8 X 10-3.

[0053] Electron barrier layer 18 is formed on intermediate layer 17 including p-type GaN, and has a band gap energy the
magnitude of which is larger than that of second semiconductor layer 19 including p-type AIGaN. By making such settings,
it is possible to increase the potential of the conduction band of electron barrier layer 18 to form an energy barrier. As a
result, it is possible to reduce a leakage phenomenon (that is, electron overflow) in which the electrons injected to active
layer 15 are thermally excited and leak to second semiconductor layer 19, thereby increasing operation characteristics of
semiconductor light emitting element 100 at a high temperature.

[0054] Here, the band gap energy of a layer including AIGaN becomes larger in proportion to the Al composition ratio.
Accordingly, in this embodiment, the Al composition ratio of electron barrier layer 18 is higher than the Al composition ratio
of second semiconductor layer 19 including p-type AlIGaN. Examples of the Al composition ratio of electron barrier layer 18
include 0.15 (that is, 15%).

[0055] Inthis embodiment, among layers directly on third light guide layer 16 including InGaN, the region which does not
include Al is intermediate layer 17. Among the regions including Al above intermediate layer 17, the region below second
semiconductor layer 19 is electron barrier layer 18. In electron barrier layer 18, the Al composition ratio gradually increases
from the lower part to the upper part, and reaches a maximum value of 15% or more. In electron barrier layer 18, the Al
composition ratio decreases from the position at which the maximum value is obtained toward the further upper part, and
matches the Al composition ratio of second semiconductor layer 19 at the interface at the side of second semiconductor
layer 19.

[0056] The distribution shape of the Al composition ratios of electron barrier layer 18 is described in detail later.

[1-2. Configuration of electron barrier layer in comparison example]

[0057] Next, prior to the description of effects and advantages of electron barrier layer 18 according to this embodiment,
the configuration of the electron barrier layer according to a comparison example is described with reference toFIG. 2. FIG.
2 is a schematic diagram illustrating a configuration of electron barrier layer 18A of a semiconductor light emitting element
according to Comparison Example 1. Schematic diagrams (a), (b), (c), (d), and (e) illustrate a band structure distribution of
the semiconductor light emitting element according to Comparison Example 1, a polarization charge surface density
distribution of electron barrier layer 18A, a polarization charge distribution, and an electric field distribution, and a band
structure, respectively.

[0058] The semiconductor light emitting element according to Comparison Example 1 is different from semiconductor
light emitting element 100 according to this embodiment in the Al composition ratio distribution of electron barrier layer
18A. As illustrated in schematic diagram (a) in FIG. 2, the Al composition ratio of electron barrier layer 18A according to
Comparison Example 1 linearly increases from active layer 15 toward a second semiconductor layer 19 side. As illustrated
in schematic diagram (a) in FIG. 2, it is to be noted that the semiconductor light emitting element according to Comparison
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Example 1 is the same as semiconductor light emitting element 100 according to this embodiment in that third light guide
layer 16 includes composition ratio gradient region 16a.

[0059] The polarization charge surface density formed in the nitride semiconductor depends on a sum of (i) piezo
polarization components due to a strain in a constituent layer and (ii) natural polarization components determined by an
atom composition. Accordingly, the surface density of polarization charges that are generated in each layer is the sum of (i)
the piezo polarization components due to the strain and (ii) the natural polarization components. Each of the magnitude of
the strain and the magnitude of natural polarization that are generated in each layer is proportional to the atom
composition. For this reason, the surface density of the polarization charges formed in the AlGaN layer is proportional
to the Al composition ratio of the AlGaN layer. Accordingly, the surface density of polarization charges formed in electron
barrier layer 18A in Comparison Example 1 in which the Al composition ratio increases linearly as illustrated in schematic
diagram (b) in FIG. 2.

[0060] In this case, the magnitude of the polarization charges is proportional to a change rate in surface density of
polarization charges, and thus the amount of polarization charges to be formed is constant within electron barrier layer 18A
as illustrated in schematic diagram (c) in FIG. 2.

[0061] Positive polarization charges are formed in a region which is in electron barrier layer 18A and at the side of active
layer 15, and negative polarization charges are formed in a region which is in electron barrier layer 18A and at the interface
distant from active layer 15 among the interfaces of electron barrier layer 18A. As a result, as illustrated in schematic
diagram (c) of FIG. 2, opposite-polarity carriers are induced to both interfaces of electron barrier layer 18A in order to satisfy
an electrical neutrality condition, and the concentration of electrons to be induced is comparatively small because the
positive polarization charge density within electron barrier layer 18A is comparatively small. For example, the density of
electrons induced to the interfaces is comparatively small in Comparison Example 1 with respect to the density in the case
where the electron barrier layer has a uniform Al composition ratio.

[0062] For example, as illustrated in schematic diagram (d) in FIG. 2, a negative electric field is generated due to
electrons generated at one of the interfaces of electron barrier layer 18A, specifically the interface at the side of active layer
15. Since the electron density is small, it is possible to reduce decrease in potential at the interface which is of electron
barrier layer 18A and in contact with active layer 15 as illustrated in schematic diagram (e) in FIG. 2. In addition, the Al
composition ratio and a band gap energy of a region which is in electron barrier layer 18A and at the side of active layer 15
are small. For this reason, itis possible to reduce a potential barrier to be formed at a valence band against holes at the side
of active layer 15.

[1-3. Configuration of electron barrier layer according to Embodiment 1]

[0063] Next, a configuration of electron barrier layer 18 of semiconductor light emitting element 100 according to this
embodiment is described with reference to FIG. 3. FIG. 3 is a schematic diagram illustrating a configuration of electron
barrier layer 18 of semiconductor light emitting element 100 which is not in accordance with the present invention.
Schematic diagrams (a), (b), (c), (d), and (e) illustrate a band structure distribution of semiconductor light emitting element
100 according to this embodiment, a polarization charge surface density distribution of electron barrier layer 18, a
polarization charge distribution, and an electric field distribution, and a band structure, respectively.

[0064] In semiconductor light emitting element 100 according to this embodiment, electron barrier layer 18 includes a
firstregion having a small Al composition ratio change rate and a second region having a large Al composition ratio change
rate, in order from the active layer 15 side.

[0065] For this reason, as illustrated in schematic diagram (b) in FIG. 3, the surface density distribution of polarization
charges formed in electron barrier layer 18 includes a region having a comparatively small change gradient and a region
having a comparatively large change gradient.

[0066] In this case, the magnitude of polarization charges is proportional to the change rate of polarization charge
surface density. Thus, asillustrated in schematic diagram (c) in FIG. 3, the magnitude of the polarization charges is smaller
at the side of active layer 15 than the magnitude of polarization charges illustrated in schematic diagram (c) in FIG. 2. In
addition, in this embodiment, the magnitude of polarization charges changes in two steps according to the positions in the
stacking direction.

[0067] Positive polarization charges are formed in a region which is in electron barrier layer 18 and at the side of active
layer 15, and negative polarization charges are formed in a region which is in electron barrier layer 18 and at the interface
distantfrom active layer 15 among the interfaces of electron barrier layer 18. As aresult, asillustrated in schematic diagram
(c) in FIG. 3, opposite-polarity carriers are induced to both interfaces of electron barrier layer 18 in order to satisfy an
electrical neutrality condition. In this embodiment, since the positive polarization charge density in the region which is in
electron barrier layer 18A and at the side of active layer 15 is small, the electron concentration is smaller than the electron
concentration in the case illustrated in schematic diagram (c) in FIG. 2.

[0068] For this reason, as illustrated in schematic diagram (d) in FIG. 3, a negative electric field is generated due to
electrons induced to one of the interfaces of electron barrier layer 18, specifically, the interface at the side of active layer 15,
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the electron density is smaller than the one in Comparison Example 1. Accordingly, as illustrated in schematic diagram (e)
in FIG. 3, the amount of decrease in potential at the interface which is of electron barrier layer 18 and in contact with active
layer 15 reduces. In addition, the Al composition ratio and a band gap energy of a region which is in electron barrier layer 18
and atthe side of active layer 15 are small. For this reason, the potential barrier formed in the valence band against holes at
the side of active layer 15 is further smaller than the potential barrier in Comparison Example 1 illustrated in FIG. 2.
Accordingly, an operation voltage in the semiconductor light emitting element according to this embodiment is further
smaller.

[0069] In addition, as illustrated in schematic diagram (d) of FIG. 3, since the electric field at one of the interfaces of
electron barrier layer 18, specifically the interface at the side of active layer 15 is small, reduction in potential of electron
barrier layer 18 at the side of active layer 15 is small, and a potential barrier (AEc in FIG. 3) of electron barrier layer 18
againstelectrons becomeslarge. Thisincreases an effect of reducing, in a high-output operation at a high temperature, the
phenomenon (that is, electron overflow) in which the electrons are thermally excited, go beyond electron barrier layer 18,
and leak to the second semiconductor layer. As a result, it is possible to implement semiconductor light emitting element
100 which operates with a lower operation voltage and a smaller leakage current, compared with the conventional electron
barrier layer. In addition, as a result of reduction in self-heating of the semiconductor light emitting element, it becomes
possible to obtain a semiconductor light emitting element which consumes only low power even in an operation at a high
temperature. More specifically, it is possible to implement a super high-output semiconductor blue laser element capable
of operating in along period of several thousands of hours even when a Watt-class high-output operation is performed ata
high temperature of 85 degrees Celsius.

[0070] Next, an example of a band gap energy distribution in the stacking direction of electron barrier layer 18 of
semiconductor light emitting element 100 according to this embodiment is explained with reference to FIGs. 4A and 4B.
FIGs.4A and 4B are schematic diagrams respectively indicating a first example and a second example of band gap energy
distributions in the stacking direction of electron barrier layer 18 of semiconductor light emitting element 100 which are not
in accordance with the present invention.

[0071] FIG. 4Allustrates a band gap energy distribution in the case where a first region having a small Al composition
ratio change rate and a second region having an Al composition ratio change rate larger than that of the first region are in
contact with each other. FIG. 4B illustrates a band gap energy distribution in the case where a region having an Al
composition ratio change rate smaller than that of the first region having the small Al composition ratio change rate is
disposed between the first region and the second region having the Al composition ratio change rate larger than that of the
first region.

[0072] Inany cases illustrated in FIGs. 4A and 4B, in midpoint x = Xp between position x = Xs at the interface which is of
electron barrier layer 18 and at the active layer side and position x = Xm at which the largest Al composition ratio is reached
in electron barrier layer 18, the Al composition ratio is a value smaller than an average value of the Al composition ratio at
position x = Xs and the Al composition ratio at position x = Xm. Furthermore, in the region from position x = Xs to position x =
Xm, the magnitude of the Al composition ratio in electron barrier layer 18 is smaller than or equal to the magnitude of a
dotted line that connects the Al composition ratio at position x = Xs and the Al composition ratio at position x = Xm in FIGs.
4A and 4B. Forthis reason, the Al composition ratio change rate of the region between position x = Xs and position x = Xp in
electron barrier layer 18 becomes a value smaller than or equal to the change rate indicated by the dotted line.

[0073] In addition, in the structure illustrated in FIG. 4B, the Al composition ratio change rate in the first region in which
formation of electron barrier layer 18 is started is increased over the Al composition ratio change rate in the region to be
formed later. This provides an effect of increasing controllability of the position of the interface which is of electron barrier
layer 18 and at the side of active layer 15, that is, the position at which the formation of electron barrier layer 18 is started,
and increasing the stability in reproducibility of operation characteristics of semiconductor light emitting element 100.
[0074] As described above, in this embodiment, electron barrier layer 18 includes: the first region in which the Al
composition ratio changes at a first change rate in the stacking direction perpendicular to the main surface of GaN
substrate 11; and the second region which is disposed between the first region and second semiconductor layer 19 and in
which the Al composition ratio changes at a second change rate in the stacking direction. In the first region and the second
region, the Al composition ratio monotonically increases at the first change rate in the direction from active layer 15 toward
second semiconductor layer, and the second change rate is larger than the first change rate in the direction from active
layer 15 toward second semiconductor layer.

[0075] Inthisway,itis possible toreduce the influence of the magnitude of polarization charges onto one of the interfaces
of electron barrier layer 18, specifically the interface at the side of active layer 15 to be smaller than the influence onto the
electron barrier layer having the Al composition ratio distribution indicated by the dotted line in each of FIGs. 4A and 4B. As
aresult, adecrease in potential of the band structure at the interface of electron barrier layer 18 at the side of active layer 15
becomes smallerthan a decrease in potential in the structure indicated by the dotted line, which increases potential barrier
AEc. Furthermore, since it is possible to reduce a band barrier against holes in a valence band, it is possible to reduce an
operation voltage of semiconductor light emitting element 100. With this, it becomes possible to increase temperature
characteristics of semiconductor light emitting element 100. Accordingly, it is possible to implement semiconductor light
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emitting element 100 which consumes low power even in an operation at a high temperature.

[0076] Next, an example of a band gap energy distribution in the stacking direction of electron barrier layer 18 of
semiconductor light emitting element 100 according to this embodiment is explained with reference to FIGs. 5A to 5D.
[0077] FIGs. 5A to 5D are schematic diagrams respectively indicating a third example to a sixth example of band gap
energy distributions in the stacking direction of electron barrier layer 18 of semiconductor light emitting element 100
according to the present invention.

[0078] FIG. 5Aillustrates a band gap energy distribution in the case where a first region having a small Al composition
ratio change rate and a second region having an Al composition ratio change rate larger than that of the first region are in
contact with each other. Furthermore, the Al composition ratio decreases with closeness from the position at which the Al
composition ratio is largest toward second semiconductor layer 19. A first decrease region having a large Al composition
ratio decrease rate and a second decrease region having an Al composition ratio smaller than that of the first decrease
region are arranged in order from the side of active layer 15.

[0079] FIG. 5B illustrates a band gap energy in the case where a region having an Al composition ratio change rate
smaller than that of the first region having the smaller Al composition ratio change rate is formed between the first region
and the second region having a comparatively large Al composition ratio change rate. Furthermore, the Al composition
ratio decreases with closeness from the position at which the Al composition ratio is largest toward second semiconductor
layer 19. Afirst decrease region having a large Al composition ratio decrease rate and a second decrease region having an
Al composition ratio smaller than that of the first decrease region are arranged in order from the side of active layer 15.
[0080] FIG. 5C illustrates a band gap energy distribution in the case where a first region having a small Al composition
ratio change rate and a second region having an Al composition ratio change rate larger than that of the first region are in
contact with each other. Furthermore, a constant region having a constant Al composition ratio from the point at which the
Al composition ratio is largest, a first decrease region having a large Al composition ratio change rate, and a second
decrease region having an Al composition ratio change rate smaller than that of the first decrease region are arranged in
order from the side of active layer 15.

[0081] FIG. 5D illustrates a band gap energy distribution in the case where a region having an Al composition ratio
change rate smaller than that of the first region having the small Al composition ratio change rate is disposed between the
first region and the second region having the Al composition ratio change rate larger than that of the first region.
Furthermore, a constant region having a constant Al composition ratio from the point at which the Al composition ratio is
largest, afirst decrease region having a large Al composition ratio change rate, and a second decrease region having an Al
composition ratio change rate smaller than that of the first decrease region are arranged in order from the side of active
layer 15.

[0082] In any of the cases illustrated in FIGs. 5A to 5D, midpoint x = Xp between position x = Xs at which formation of
electron barrier layer 18 is started and position x = Xm at which the largest Al composition ratio is reached, the Al
composition ratio is a value smaller than an average value of the Al composition ratio at position x = Xs and the Al
composition ratio at position x = Xm. Furthermore, in the region from position x = Xs to position x = Xm, the magnitude of the
Al composition ratio in electron barrier layer 18 is smaller than or equal to the magnitude of arange below a dotted line that
connects the Al composition ratio at position x = Xs and the Al composition ratio at position x = Xmin each of FIGs. 5A to 5D.
For this reason, in each of FIGs. 5A to 5D, the Al composition ratio change rate of the region between position x = Xs and
position x = Xp in electron barrier layer 18 indicated by the solid line becomes a value smaller than or equal to the change
rate indicated by the dotted line.

[0083] Inthisway,inthis embodiment, itis possible to reduce the influence of the magnitude of polarization charges onto
the interface which is of electron barrier layer 18 and at the side of active layer 15 to be smaller than the influence onto the
electron barrier layer having the Al composition ratio distribution indicated by the dotted line. As a result, a decrease in
potential of the band structure atthe interface of electron barrier layer 18 at the side of active layer 15 becomes smaller than
the decrease obtainable by the structure indicated by the dotted line, which increases potential barrier AEc. Furthermore,
since it is possible to reduce a valence band barrier against holes, it is possible to reduce an operation voltage of
semiconductor light emitting element 100. With this, it becomes possible to increase temperature characteristics of
semiconductor light emitting element 100.

[0084] In addition, electron barrier layer 18 includes, in order from active layer 15 side: a first decrease region in which
the Al composition ratio decreases monotonically in a direction from position x = Xm toward second semiconductor layer
19; and a second decrease region in which the Al composition ratio decreases monotonically less than in the first decrease
region in the direction from position x = Xm toward second semiconductor layer 19. For this reason, an average Al
composition ratio becomes smaller in a region in which the Al composition ratio decreases more significantly than in a
configuration showing a constant Al composition ratio decrease rate indicated by the dash-dot line in the drawings.
[0085] Inaddition, position x = Xe in electron barrier layer 18 at the side of second semiconductor layer 19 is the position
at which an average Al composition ratio in second semiconductor layer 19 and the Al composition ratio in electron barrier
layer 18 are the same in value. When second semiconductor layer 19 is formed with a super lattice of an AlGaN layer
including two different kinds of materials including GaN having different Al composition ratios, position x = Xe means the
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position at which the average Al composition ratio in the stacking direction of second semiconductor layer 19 and the Al
composition ratio in electron barrier layer 18 are the same.

[0086] Here, in AIGaN having a high Al composition ratio, the activation rate of Mg which is usually used as a dopant is
low. For this reason, the AlGaN having the high Al composition ratio has a higher resistance than AlGaN having a low Al
composition ratio. For this reason, in electron barrier layer 18, an increase in the film thickness of a region having a high Al
composition ratio increases the film thickness of a region in which a potential barrier for inhibiting electrical conduction of
holes toward active layer 15in avalence band structure, which inhibits conduction of the holes. This increases an operation
voltage. For this reason, it is excellent that a total of film thicknesses of the second decrease region and the first decrease
region which are decrease regions where the Al composition ratio decreases in the direction of film growth is small as much
as possible. The total film thickness is, for example, 4 nm or less. In addition, the total film thickness may be 2 nm or less.
[0087] Inanycasesillustratedin FIGs. 5Ato 5D, an average Al composition ratio in a region in which the Al composition
ratio decreases becomes smaller than an average Al composition ratio in a configuration showing a constant Al
composition ratio decrease rate indicated by the dash-dot line in the diagram, which enables reduction in increase in
operation voltage of semiconductor light emitting element 100.

[0088] In addition, in the example illustrated in each of FIGs. 5C and 5D, a region in which the Al composition ratio is
constantis formed. The region is formed with consideration of variation in Al composition ratio in the same wafer surface at
the time of manufacturing of semiconductor light emitting element 100. In this way, in electron barrier layer 18 in the same
wafer surface, itis possible to obtain a constant largest Al composition ratio, and thus it is possible to increase uniformity in
the wafer surface having a size enough to form potential barrier AE. However, excess increase in the film thickness of the
region having the constant Al composition ratio increases the film thickness of the region to be formed to have a high Al
composition ratio, which causes increase in operation voltage as described above. For this reason, it is excellent to form
the region having the constant Al composition ratio which is thinner as much as possible. The film thickness of the region
having the constant Al composition ratio is, for example, 2 nm or less. In addition, the film thickness of the region having the
constant Al composition ratio may be 1 nm or less.

[0089] Although the case in which the Al composition ratio distribution of electron barrier layer 18 is represented by a
plurality of linear lines is described above, a case in which an Al composition ratio distribution is represented by function f(x)
which is not limited to a linear line is described with reference to FIG. 6. It is to be noted here that the stacking direction
perpendicular to the main surface of GaN substrate 11 is assumed to be an x-axis direction. FIG. 6 includes diagrams each
illustrating one example of an Al composition ratio distribution in the stacking direction of electron barrier layer 18 according
to the presentinvention. In FIG. 6, graph (a) is a graph showing function f(x) indicating an Al composition ratio distribution.
InFIG. 6, graphs (b) and (c) are graphs showing first derivative f (x) and second derivative f'(x) of function f(x), respectively.
[0090] Asillustrated in FIG. 6, electron barrier layer 18 includes a first concave region in which f'(x) > 0 and f'(x) > 0 are
satisfied in a region that satisfies Xs < x < Xm. When this relationship is satisfied, f(x) is represented by a concave shape
(thatis, a downward convex shape) in the region between position x = Xs and position x = Xm as shown in graph (a) in FIG.
6.

[0091] Inaddition, as shown in graph (c) in FIG. 6, second derivative f(x) reaches a local maximum at position x = X1 in
the first concave region. Because of this, position x = X1 at which the change rate in Al composition ratio reaches the largest
is presentin the first concave region, and the change rate in the Al composition ratio is to increase gradually in a region from
position x = Xs to position x = X1.

[0092] In this case, the change rate in Al composition ratio is smaller at the side of active layer 15 than at the other side.
Thus, itis possible to reduce the magnitude of polarization charges in the near-interface region at the side of active layer
15. For thisreason, as described above, itis possible to reduce the concentration of electrons present at the interface at the
side of active layer 15 near position x = Xs, and thus to reduce increase in potential of a hole barrier to be formed in the
valence band of electron barrier layer 18. As a result, it is possible to reduce in operation voltage required for the element
and increase potential barrier AEc.

[0093] As shown in graph (b) in FIG. 6, the magnitudes of f(x) are continuous, and there is no position at which
magnitudes of f(x) are discontinuous. For this reason, there is no position at which the surface density of polarization
charges to be formed in electron barrier layer 18 changes abruptly. Accordingly, it is possible to prevent occurrence of a
position at which polarization charges to be formed in electron barrier layer 18 increase sharply.

[0094] Asaresult,itis possible to reduce the electron concentration in the near-interface region of electron barrier layer
18 at the side of active layer 15, and to reduce an operation voltage.

[0095] Inaddition, asshowningraph (a)in FIG. 6, electron barrier layer 18 includes afirst convex region in which f'(x) <0
is satisfied in a region that satisfies X1 < x < Xe regarding position x.

[0096] At this time, in the first convex region, function f(x) has an upward convex shape. Accordingly, the shape of
function f(x) shows a configuration in which the first convex region which is an upward convex is formed in the first concave
region which is a downward convex at the side of second semiconductor layer 19. Position x = Xm having the largest Al
composition ratio is located in the first convex region.

[0097] In the case of this Al composition ratio distribution shape, polarization charges which are formed in electron
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barrier layer 18 is approximately proportional to f (x). Thus, the magnitude of the polarization charges is smallerin the near-
interface region which is of electron barrier layer 18 and at the side of active layer 15, than a near-interface region which is
of electron barrier layer 18 and at the side of second semiconductor layer 19.

[0098] In this case, since the magnitude of polarization charges in the near-interface of electron barrier layer 18 at the
side of active layer 15 isreduced, itis possible to reduce the concentration of electrons present at the interface at the side of
active layer 15 near position x = Xs as described above, and thus to reduce increase in the potential of a hole barrier to be
formed in the valence band of electron barrier layer 18. As aresult, itis possible to reduce an operation voltage required for
the element and increase potential barrier AEc.

[0099] Inaddition, since the Al composition ratio distribution shape of the first convex region is an upward convex shape,
the change rate in Al composition ratio in the vicinity of position x = Xm having the largest Al composition ratio becomes
small. For this reason, the controllability of the largest value in Al composition ratio is excellent. In view of this, it is possible
to reduce variation in largest in-plane Al composition ratio of wafer surfaces at the time of manufacturing of semiconductor
light emitting elements 100. For this reason, it is possible to obtain an element with a high reproducibility, large potential
barrier AEc, and excellent temperature characteristics.

[0100] In addition, electron barrier layer 18 includes, in order from active layer 15 side: a first decrease region in which
the Al composition ratio decreases monotonically in a direction from position x = Xm toward second semiconductor layer
19; and a second decrease region in which the Al composition ratio decreases monotonically less than in the first decrease
region in the direction from position x = Xm toward second semiconductor layer 19. In other words, the absolute value of the
change rate of the Al composition ratio in the second decrease region is smaller than the absolute value of the change rate
of the Al composition ratio in the first decrease region.

[0101] Here, when a total of film thicknesses of the first decrease region and the second decrease region is large, the Al
composition ratio is higher than an average Al composition ratio in the second semiconductor layer of the second
conductivity type, which leads to increase in the film thickness of the region that inhibits electrical conduction of holes. This
increases an operation voltage.

[0102] Accordingly, itis excellent that the total of film thicknesses of the second decrease region and the first decrease
region is small as much as possible. In this embodiment, the total film thickness is, for example, 4 nm or less. The total film
thickness may be 2 nm or less.

[0103] Inaddition, as showningraph (a)in FIG. 6, when the linear function that passes through a point (Xs, f(Xs)) and is
tangent to function f(x) at position x = Xt in the first convex region is g(x), function f(x), function g(x), and first derivative f'(x)
satisfy the relationship g(x) > f(x) and f(x) > 0, at position x that satisfies Xs < x < Xt.

[0104] In this case, the Al composition ratio that is determined by f(x) is smaller than the Al composition ratios in a
triangle-shaped distribution that is defined by g(x) between position x = Xs and position x = Xt.

[0105] For this reason, the Al composition ratio of electron barrier layer 18 in the region between position x = Xs and
position x = Xt is a value smaller than or equal to the Al composition ratio that is determined by g(x).

[0106] Inthis case, itis possible to reduce the magnitude of polarization charges in the near-interface region of electron
barrier layer 18 at the side of activation layer 15 to be smaller than the magnitude of polarization charges in the electron
barrier layer having the Al composition ratio distribution represented by g(x). As a result, the potential in the band structure
at the interface of electron barrier layer 18 at the side of active layer 15 decreases less compared with the potential in the
configuration of the electron barrier layer having the Al composition ratio represented by g(x) in the region between position
x = Xs and position x = Xt, which increases potential barrier AEc. Furthermore, since itis possible to reduce a valence band
barrier against holes, it is possible to reduce an operation voltage of semiconductor light emitting element 100. With this, it
becomes possible to increase temperature characteristics of semiconductor light emitting element 100.

[0107] Next, another example in the case where the Al composition ratio distribution of electron barrier layer 18 is
represented by function f(x) which is not limited to a linear line is described with reference to FIG. 7. FIG. 7 is a diagram
illustrating one example of an Al composition ratio in the stacking direction of electron barrier layer 18 according to the
presentinvention. In FIG. 7, graph (a)is a graph showing function f(x) indicating an Al composition ratio distribution. In FIG.
7, graphs (b) and (c) are graphs showing first derivative f(x) and second derivative f'(x) of function f(x), respectively.
[0108] Electron barrier layer 18 having function f(x) indicating an Al composition ratio distribution shown in graphs (a) to
(c)in FIG. 7 includes a first concave area that satisfies f'(x) > 0 and f(x) > 0 in a region that satisfies Xs < x < Xm regarding
position x. When this relationship is satisfied, f(x) is represented by a concave shape (that is, adownward convex shape)in
the region between position x = Xs and position x = Xm as shown in graph (a) in FIG. 7.

[0109] In addition, as shown in graphs (a) to (c) in FIG. 7, position x at which f'(x) reaches the local maximum is
represented by position x = X1. In aregion that satisfies Xs <x < X1 regarding position x, electron barrierlayer 18 includes a
second concave region in which f'(x) changes continuously and which includes a position at which f'(x) > 0 is satisfied and
f(x) reaches a local maximum.

[0110] Inthis case, aregion having an Al composition ratio increase rate higher than that of the first concave regionand a
second concave region without an abrupt step-shape change are formed in the near-interface region of electron barrier
layer 18 at the side of active layer 15.
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[0111] When an Al composition ratio increases in an abrupt step-shape, many polarization charges are generated at the
step-shape change position. This increases the concentration of electrons to be generated at the interface between
electron barrier layer 18 and active layer 15, which leads to increase in operation voltage.

[0112] Inthis embodiment, the Al composition ratio change in the vicinity of the interface between electron barrier layer
18 and active layer 15 is not step-shaped, and thus it is possible to reduce increase in operation voltage.

[0113] Inaddition, as showningraphs (a)to(c)in FIG. 7, electron barrier layer 18 includes, in aregion, a second convex
region in which f"(x) <0 is satisfied. The region including the second convex region satisfies Xs <x < X1 regarding position
x. In this way, the Al composition ratio distribution shape of the second convex region is an upward convex shape.
[0114] By sequentially forming a second concave region having an concave shape (that is, a downward convex shape)
and a second convex region having an upward convex shape at the interface in the vicinity of active layer 15, itis possible to
increase an Al composition ratio increase rate at an initial formation stage of electron barrier layer 18 compared with the Al
composition ratio increase rate in the case where such a second concave region and a second convex region are not
sequentially formed. As a result, an effect of increasing controllability of the position at which formation of electron barrier
layer 18 is started and an effect of increasing reproducibility of operation characteristics of the element.

[0115] Here, afirstconcave region having a concave shape is formed at the side of second semiconductor layer 19inthe
second convex region. In other words, the second convex region is disposed between the second concave region and the
first concave region. In this case, a region having a high Al composition ratio increase rate is formed, and thus itis possible
to locate the region in which many polarization charges are to occur away from the active layer 15 side.

[0116] Inaddition, afirst convex region having an upward convex shape is formed at the second semiconductor layer 19
side in the first concave region. The first convex region includes position x = Xm at which a largest Al composition ratio is
reached.

[0117] Inthis case, the Al composition ratio change rate is small in the vicinity of position x = Xm at which the largest Al
composition ratio is reached, and thus it is possible to obtain the largest value of the Al composition ratio with excellent
controllability. In view of this, itis possible to reduce variation in largest in-plane Al composition ratio of wafer surfaces atthe
time of manufacturing of semiconductor light emitting elements. For this reason, it is possible to obtain an element with a
high reproducibility, large potential barrier AEc, and excellent temperature characteristics.

[0118] In addition, as illustrated in graph (a) in FIG. 7, a linear function that is tangent to function f(x) at a position (Xu,
f(Xu)) in the second convex region and is tangent to function f(x) at a position (Xv, f(Xv)) in the first convex region is
assumed to be function h(x). At position x that satisfies Xu <x < Xv, function f(x), function h(x), and first derivative f (x) satisfy
the relationship h(x) > f(x) and f'(x) > 0.

[0119] Inthis case, the Al composition ratio which is determined by f(x) is smaller in value than Al composition ratiosin a
trapezoidal-shaped distribution which is determined by h(x) between position x = Xu and position x = Xv.

[0120] For this reason, the Al composition ratio of electron barrier layer 18 in the region between position x = Xu and
position x = Xv is a value smaller than or equal to the Al composition ratio that is determined by h(x).

[0121] Polarization charges which are formed within the electron barrier layer are proportional to f(x) as described
above.

[0122] In this case, since the region in which a comparatively large positive polarization charge surface is formed is the
region in the vicinity of the local maximum of f(x) as shown in graph (b) in FIG. 7, the positive polarization charges are
greater in the vicinity of position x = Xv than at position x = Xu.

[0123] Asaresult, itis possible to reduce the positive polarization charges in the vicinity of position x = Xu to be smaller
than the positive polarization charges in the electron barrier layer having the Al composition ratio shown by h(x). For this
reason, the potential of the band structure at the interface of electron barrier layer 18 at the side of active layer 15 is reduced
less than the potential in the configuration having an Al composition ratio between position x = Xu and position x = Xv which
is shown by h(x). Furthermore, since it is possible to reduce the potential of a band barrier against holes in the valence
band, it is possible to reduce an operation voltage of semiconductor light emitting element 100. With this, it becomes
possible to increase temperature characteristics of semiconductor light emitting element 100.

[0124] In addition, electron barrier layer 18 includes, in order from the active layer 15 side: a first decrease region in
which the Al composition ratio decreases monotonically in a direction from position x = Xm toward a second semiconductor
layer; and a second decrease region in which the Al composition ratio decreases monotonically less than in the first
decrease region in the direction from position x = Xm toward the second semiconductor layer. Here, when a total of film
thicknesses of the first decrease region and the second decrease region is large, the Al composition ratio is higher than an
average Al composition ratio in second semiconductor layer 19, which leads to increase in film thickness of the region that
inhibits conduction of holes. This increases an operation voltage.

[0125] Accordingly, itis excellent that the total of film thicknesses of the second decrease region and the first decrease
region is small as much as possible. In this embodiment, the total film thickness is, for example, 4 nm or less. The total film
thickness may be 2 nm or less.

[0126] Inaddition, inthe Alcomposition ratio distribution shape of electron barrier layer 18 shown in FIGs.6and 7, f'(x) >
0 and f(x) > 0 are satisfied at position x = (Xs + Xm)/2.
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[0127] Inthis way, atthe midpoint between position x = Xs and position x = Xm, f(x) is an increasing function of a concave
shape (that is, a downward convex shape). Here, f(x) is smaller than the triangle-shape Al composition ratio distribution
which is determined by g(x) or the trapezoidal-shape Al composition ratio distribution which is determined by h(x). Thus, it
is possible to reduce influence of polarization charges of electron barrier layer 18 at position x = Xs, which leads to
reduction in electron concentration.

[0128] For this reason, the potential of the band structure at the interface of electron barrier layer 18, specifically the
interface at the side of active layer 15 reduces less than the potential in the configuration shown by g(x) or h(x), which
increases potential barrier AEc. Furthermore, since it is possible to reduce the potential of a valence band barrier against
holes, it is possible to reduce an operation voltage of semiconductor light emitting element 100. With this, it becomes
possible to increase temperature characteristics of semiconductor light emitting element 100.

[0129] In the Al composition ratio distribution shape of electron barrier layer 18 illustrated in FIGs. 6 and 7, the first
concave region has a width of (Xm - Xs)/2 or more.

[0130] Inthiscase,itis possible to place the region in which many polarization charges are present can be placed closer
to the Al composition ratio largest point Xm in the range from position x = Xs to position x = Xm, and thus it is possible to
locate the polarization charge occurrence position away from the interface of electron barrier layer 18 at the side of active
layer 15.

[0131] Forthis reason, decrease in the potential of the band structure of electron barrier layer 18 at the interface at the
side of active layer 15 is reduced less than decrease in the potential in the configuration shown by g(x) or h(x), which
increases potential barrier AEc. Furthermore, since itis possible to further reduce the potential of the valence band barrier
against holes, it is possible to reduce an operation voltage of semiconductor light emitting element 100. With this, it
becomes possible to increase temperature characteristics of semiconductor light emitting element 100.

[0132] Inaddition, Mg is doped in electron barrier layer 18 of semiconductor light emitting element 100 according to this
embodiment. AlGaN having a high Al composition ratio is used in the first convex region in electron barrier layer 18. In this
way, an increase in potential barrier AEc enables reduction in electron leakage to the second semiconductor layer. The
largest Al composition ratio may be, for example, 0.2 or more, or 0.3 or more. In this way, an increase in the Al composition
ratio increases the difference between the energy of an Mg acceptor level and the energy of an AIGaN valence band, which
makes it difficult for Mg to become active as an acceptor. For this reason, the concentration of Mg to be doped to electron
barrier layer 18 may be increased to 1 X 101® cm-3 or more to increase the concentration of the acceptor to be activated.
However, when the Mg doping concentration is increased excessively to 3 X 1019 cm-3 or more, crystallizability in electron
barrier layer 18 is decreased, which may lead to reduction in reliability of semiconductor light emitting element 100 in a
high-output operation at a high temperature. For this reason, the Mg doping concentration may be less than 3 x 1019 cm-3.
[0133] Insemiconductor light emitting element 100 according to this embodiment, electron barrier layer 18 is subjected
to Mg doping from 1 X 1019 cm=3 to 2 X 1019 cm-3, inclusive.

[0134] Inaddition, an activation rate of Mg as an acceptor is high in the region having a comparatively low Al composition
ratio and located between position x = Xs and position x = (Xs + Xm)/2, and thus it is also excellent to set the concentration
of Mg tobe dopedto 1 X 1019 cm-3 and to increase the concentration of Mg to be doped to a comparatively high value of 2 X
1019 cm-3. In this way, itis possible to reduce decrease in crystallizability in electron barrier layer 18 due to increase in Mg
concentration.

[0135] Inaddition, in the configuration of electron barrier layer 18 illustrated in each of FIGs. 4A and 4B, and FIGs. 5A to
5D, the first region may have a film thickness of more than 50% and no larger than 80% of the film thickness of electron
barrier layer 18, and the Al composition ratio at position x = (Xm + Xs)/2 may be no larger than 50% of the largest Al
composition ratio in electron barrier layer 18. In this way, as described above, it is possible to reduce waveguide losses,
increase potential barrier AEc, and reduce leakage currents at the same time.

[0136] The rate of change in Al composition ratio in the first region in electron barrier layer 18 having an Al composition
ratio distribution represented by a plurality of linear lines illustrated in FIGs. 4A and 4B is small, and the rate of change in Al
composition ratio in the second region at the side of second semiconductor layer 19 is large.

[0137] Incomparison, electron barrier layer 18 having a curved Al composition ratio distribution shown in each of FIGs. 6
and 7 is characterized in that the increase rate (f'(x)) in Al composition ratio is large in the region closer to second
semiconductor layer 19 than position x = X1, the curvature is increased, and the curvature of function f(x) indicating the
magnitude of the Al composition ratio is increased.

[0138] Inthisway, in electron barrier layer 18 having the curved Al composition ratio distribution shownin FIGs.6and 7,
the firstregion shownin FIGs. 4A and 4B corresponds to the region closer to active layer 15 with respect to position x = X1 at
which the largest Al composition ratio change rate (f'(x)) is reached in the first concave region.

[0139] Accordingly, when thefirstregion has afilm thickness larger than 50% and nolarger than 80% of the film thickness
of electron barrierlayer 18, and the first region has, at position x = (Xm + Xs)/2, an Al composition ratio of no larger than 50%
of the largest Al composition ratio in electron barrier layer 18 having the curved Al composition ratio distribution shown in
FIGs.6and 7, itis possible to reduce leakage currents, increase potential barrier AEc, and reduce leakage currents at the
same time.
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[0140] Asdescribed above, inthis embodiment, the Al composition ratio changes continuously in the region in which the
Al composition ratio changes in electron barrier layer 18. Such an Al composition ratio distribution of electron barrier layer
18 is formed using, for example, metal organic chemical vapour deposition (MOCVD). In MOCVD, for example, it is
possible to freely adjust an Al composition ratio distribution by temporally changing the supply amount of gas including a
crystal material when causing crystal growth. The shape of each of the Al composition ratio distributions can be made by
changing the Al supply amount in minor steps with time. In this case, itis to be noted that, even when the Al supply amount
has been changed linearly with time, the Al composition ratio distribution may become a curved shape due to time delay of
a material that reaches the crystal growth surface because of the influence such as viscosity of source gas.

[1-4. Effects and advantages of electron barrier layer]

[0141] Next, effects and advantages of electron barrier layer 18 according to this embodiment is described with
reference to FIGs. 8 to 12.

[0142] FIG. 8is a diagram indicating a simulation result of a first configuration example of semiconductor light emitting
element 100 according to this embodiment. FIG. 9 is a diagram indicating a simulation result of the semiconductor light
emitting element according to Comparison Example 2. FIG. 10 is a diagram indicating a simulation result of a second
configuration example of semiconductor light emitting element 100 according to this embodiment. FIG. 11 is a diagram
indicating a simulation result of a third configuration example of semiconductor light emitting element 100 according to this
embodiment. FIG. 12 is a diagram indicating a simulation result of the semiconductor light emitting element according to
Comparison Example 3. It is to be noted that, in any of the simulations, the operation current of the semiconductor light
emitting element is set to 300 mA.

[0143] Ineachof FIGs. 8 to 12, graph (a) indicates the band gap energy distribution in the vicinity of the electron barrier
layer, and graph (b) indicates the distribution of polarization charges per unit volume in the vicinity of the electron barrier
layer. In each of FIGs. 8 to 12, graph (c) indicates the electron distribution and hole concentration distribution in the vicinity
of electron barrier layer 18, and graph (d) indicates the electric field distribution in the vicinity of electron barrier layer 18. In
each of FIGs. 810 12, graph (e) indicates the conduction band structure and electron Fermi energy distribution in the vicinity
of electron barrier layer 18, and graph (f) indicates the valence band structure and hole Fermi energy distribution in the
vicinity of electron barrier layer 18.

[0144] FIG. 8 shows a simulation result in the case where electron barrier layer 18 has a film thickness of 7 nm. In the
simulation, electron barrier layer 18 includes a first region having a film thickness of 5 nm and a second region having a film
thickness of 2 nm. In the first region, the Al composition ratio is increased linearly from 0 to 0.15 with advancement from the
active layer 15 side to the second semiconductor layer 19 side. In the second region, the Al composition ratio is increased
linearly from 0.15 to 0.35 with advancement from the active layer 15 side to the second semiconductor layer 19 side.
[0145] Asshowningraph (b)inFIG. 8, positive polarization charges of 1 X 1019 cm-3 are generated in aregionin electron
barrier layer 18, specifically the region at the side of active layer 15, and positive polarization charges of 1 X 1019 cm-3 are
generated in a region in electron barrier layer 18, specifically the region at the side of second semiconductor layer. Graph
(b)in FIG. 8 shows only positive polarization charges. The amount of polarization charges corresponds to 1% compared to
the amount obtainable when the electron barrier layer has a uniform Al composition ratio of 0.35. In addition, not-shown
negative polarization charges having a surface density of -5.3 X 10-2 C/mZ2 are formed at the interface between electron
barrier layer 18 and second semiconductor layer 19. Here, the elementary charge quantity per electron is 1.6 X 10-19C.
Assuming that the film thickness at the interface is 0.01 nm that is approximately one-several tenths of a c-axis lattice
constant of AlGaN, it is considered that negative polarization electrodes corresponding to an electron concentration of
approximately 1 X 1022 cm-3 are generated. In this way, with electron barrier layer 18 according to this embodiment,
polarization charges at the active layer 15 side can be reduced. In the present disclosure, the volume density of the
polarization charges is a value obtained through conversion into an electron concentration.

[0146] Asshowningraph (c)in FIG. 8, electrons having a concentration of 1 X 1017 cm-3 are induced at the interface of
electron barrier layer 18 at the active layer side in order to satisfy an electrical neutrality condition with the positive
polarization charges generated at the interface of electron barrier layer 18. With this, an electric field is generated at the
interface of electron barrier layer 18 at the active layer side, and the intensity has been reduced to -0.2 MV/cm. As aresult,
as shown in graphs (e) and (f) in FIG. 8, decreases in the potentials of the conduction band and the valence band at the
interface of electron barrier layer 18 at the side of active layer 15 are also reduced, and thus decrease in potential barrier
AEcagainst electrons and increase in potential barrier AEv against holes are reduced. In the configuration shown in FIG. 8,
potential barrier AEc is 0.77 eV, and potential barrier AEv is 0.22 eV. In addition, with reference to, for example, also the
simulation result in Comparison Example 1 shown in FIG. 2, it has been found that potential barrier AEc against electrons
becomes larger and potential barrier AEv against holes becomes smaller when the Al composition ratio distribution of
electron barrier layer 18 has a concave shape (a downward convex shape) like electron barrier layer 18 shown in FIG. 8.
[0147] FIG. 9 shows a simulation result of a semiconductor light emitting element according to Comparison Example 2
compared with semiconductor light emitting element 100 according to this embodiment. The semiconductor light emitting

16



10

15

20

25

30

35

40

45

50

55

EP 3 780 302 B9

elementaccording to Comparison Example 2 differs from the semiconductor light emitting elementin this embodiment only
in configuration of electron barrier layer 18B. Electron barrier layer 18B according to Comparison Example 2 has a film
thickness of 7 nm. The Al composition ratio is increased from 0 to 0.35 in a forward direction from the active layer 15 side to
the second semiconductor layer 19 side in electron barrier layer 18B. It is to be noted that the Al composition ratio is
increased so thatan increase rate of the Al composition ratio is gradually decreased. In other words, the graph showing the
Al composition ratio distribution has not a linear-line shape but an upward convex shape.

[0148] Asillustrated in graph (b) in FIG. 9, positive polarization electrodes of 5 X 1019 cm-3 have been generated in a
region which is in electron barrier layer 18B and at the side of active layer 15. Graph (b) in FIG. 9 shows only positive
polarization electrodes. This value is five times of the value obtained by the simulation of semiconductor light emitting
element 100 according to this embodiment shown in FIG. 8. In addition, not-shown negative polarization electrodes of -5.3
X 10-2 C/m2 have been generated at the interface between electron barrier layer 18 and second semiconductor layer 19.
Here, the elementary charge quantity per electronis 1.6 X 10-19C. Assuming that the film thickness at the interface is 0.01
nm thatis approximately one-several tenths of a c-axis lattice constant of AIGaN, it is considered that negative polarization
electrodes corresponding to an electron concentration of approximately 1 X 1022 cm-3 are generated.

[0149] Graph (c)in FIG. 9 shows that electrons having a concentration of 1 X 1018 cm-3 are induced at the interface of
electron barrier layer 18B at the side of active layer 15 in order to satisfy an electrical neutrality condition with the positive
polarization charges generated at the interface of electron barrier layer 18. This concentration corresponds to approxi-
mately ten times of the value shown in graph (c) in FIG. 8. For this reason, the electric field that are generated at the
interface of electron barrier layer 18B at the side of active layer 15is -0.9 MV/cm, and the absolute value is approximately
4 .5times of the value obtainable in the case shown in graph (c) in FIG. 8. As aresult, as shownin graphs (e)and (f)in FIG. 8,
decreases in the potentials of the conduction band and the valence band at the interface of electron barrier layer 18B at the
side of active layer 15 become large compared to the results shown in FIG. 8. With this, potential barrier AEc against
electrons decreases, and potential barrier AEv against holes increases. In the configuration shown in FIG. 9, potential
barrier AEc against electrons is 0.68 eV, and potential barrier AEv against holes is 0.28 eV.

[0150] FIG. 10shows the simulation results inthe case where electron barrier layer 18 has a film thickness of 7 nm. In this
simulation, in the region having a film thickness of 5 nmwhich is in electron barrier layer 18 and at the side of active layer 15,
the Al compositionratioisincreased gradually (linearly) from 0 to 0.15 with advancement from the active layer 15 side to the
second semiconductor layer 19 side. In addition, in the region having a film thickness of 2 nm which is in electron barrier
layer 18 and at the side of second semiconductor layer 19, the Al composition ratio is increased gradually to 0.35 with
advancement from the active layer 15 side to the second semiconductor layer 19 side. In this case, in the region having the
film thickness of 2 nm in electron barrier layer 18 at the side of second semiconductor layer 19, the Al composition ratio
distribution has a concave shape (a downward convex shape).

[0151] Asshowningraph (b)inFIG. 10, aregion in electron barrier layer 18, specifically the region closer to active layer
15 than to second semiconductor layer 19 has a positive polarization charge distribution in which positive polarization
charges decrease from 2 X 1019 cm-3to 1 X 1019 cm-3 with increase in distance from active layer 15. Graph (b) in FIG. 10
shows only positive polarization charges. In addition, not-shown negative polarization charges having a surface density of
-5.3 X 102 C/mZ2 are formed at the interface between electron barrier layer 18 and second semiconductor layer 19. Here,
the elementary charge quantity per electron is 1.6 X 10-19 C. Assuming that the film thickness at the interface is 0.01 nm
that is approximately one-several tenths of a c-axis lattice constant of AlIGaN, it is considered that negative polarization
electrodes corresponding to an electron concentration of approximately 1 X 1022 cm-3 are generated.

[0152] Asshowningraph (c)inFIG. 10, electrons having a concentration of 1 X 1017 cm-3 are induced to the interface of
electron barrier layer 18 at the side of active layer 15 in order to satisfy an electrical neutrality condition with positive
polarization charges generated at the interface of electron barrier layer 18. The concentration has been reduced to
approximately one tenth of the concentration in the case shown in graph (c) in FIG. 9. For this reason, the absolute value of
the electric field generated at the interface of electron barrier layer 18 at the side of active layer 15 is also reduced to -0.3
MV/cm. As a result, as shown in graphs (e) and (f) in FIG. 10, decreases in the potentials of the conduction band and the
valence band at the interface of electron barrier layer 18 at the side of active layer 15 are also reduced, and thus potential
barrier AEc against electrons increases and potential barrier AEv against holes decreases. In the configuration shown in
FIG. 10, potential barrier AEc against electrons is 0.77 eV, and potential barrier AEv against holes is 0.23 eV.

[0153] Compared to the electron barrier layer shown in FIG. 10, electron barrier layer 18 used in the simulation shown in
FIG. 11 has a configuration further including, at a region closer to second semiconductor layer 19 than to active layer 15, a
region in which the Al composition ratio decreases with advancement from the active layer 15 side to the second
semiconductor layer 19 side (hereinafter, the region is also referred to as an "Al composition ratio decrease region").
[0154] Inthe Al composition ratio decrease region in electron barrier layer 18, the Al composition ratio decreases to be
the same as the Al composition ratio of second semiconductor layer 19 in such a manner that the absolute value of the
decrease rate of an Al composition ratio gradually increases with advancement from the active layer 15 side to second
semiconductor layer 19 side and then gradually decreases. In other words, the Al composition ratio decrease region has an
Al composition ratio distribution having a concave shape (that is, a downward convex shape) region in a region which has
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an upward convex shape in an Al composition ratio distribution and at the side of second semiconductor layer 19.
[0155] Asshowningraph (b)inFIG. 11, aregionin electron barrier layer 18, specifically the region closer to active layer
15 than to second semiconductor layer 19 has a positive polarization charge distribution in which positive polarization
charges decrease from 2 X 1019 cm=3to 1 X 1019 cm-3 with increase in distance from active layer 15. Graph (b) in FIG. 11
shows only positive polarization charges. In addition, not-shown negative polarization charges approximately corre-
sponding to 2 X 1020 cm-3 are formed in an Al composition ratio decrease region which is in electron barrier layer 18 and at
the side of second semiconductor layer 19.

[0156] Asshowningraph (c)inFIG. 11, electrons having a concentration of 1 X 1017 cm-3 are induced to the interface of
electron barrier layer 18 at the side of active layer 15 in order to satisfy an electrical neutrality condition with positive
polarization charges generated at the interface of electron barrier layer 18.

[0157] The electron concentration has a value equivalent to the value obtainable in the configuration shown in FIG. 10.
However, the smallest value of the potential of the valence band structure decreases as shown in graph (f) in FIG. 11
because of the Al composition ratio decrease region additionally included in electron barrier layer 18 at the side of second
semiconductor layer 19, and the operation voltage of semiconductor light emitting element 100 increases because of
increase in potential barrier AEv against holes.

[0158] Asshown ingraphs (e)and (f) in FIG. 11, the potentials of the conduction band and the valence band of electron
barrier layer 18 atthe side of active layer 15 are also decreased compared to those obtainable in the configuration shownin
FIG. 10. For this reason, potential barrier AEc against electrons decreases, and potential barrier AEv against holes
increases. In the configuration shown in FIG. 11, potential barrier AEc against electrons is 0.68 eV, and potential barrier
AEv against holes is 0.28 eV.

[0159] Potential barrier AEv against holes increases by approximately 0.05 eV compared to potential barrier AEv
obtainable in the configuration shown in FIG. 10, and is to increase a rise voltage by approximately 0.04 V in current -
voltage characteristics of semiconductor light emitting element 100. For this reason, itis excellent that the Al composition
ratio decrease region in electron barrier layer 18 is thin as much as possible.

[0160] FIG. 12 shows results of simulations of a semiconductor light emitting element according to Comparison
Example 3 compared with semiconductor light emitting element 100 according to this embodiment. The semiconductor
light emitting element according to Comparison Example 3 differs from the semiconductor light emitting element in this
embodiment only in configuration of electron barrier layer 18C. Electron barrier layer 18C according to Comparison
Example 3 has a film thickness of 9 nm. The Al composition ratio is increased from 0 to 0.35 in a region having a film
thickness of 7 nmin electron barrier layer 18C at the active layer 15 side with an advancement from the active layer 15 side
to the second semiconductor layer 19 side in electron barrier layer 18C. In the Al composition ratio decrease region having
afilmthickness of 2nmin electron barrier layer 18C at the side of second semiconductorlayer 19, the Al compositionratiois
decreased to be equal to the Al composition ratio of second semiconductor layer 19 with advancement from active layer 15
side to second semiconductor layer 19 side.

[0161] In the Al composition ratio decrease region in electron barrier layer 18C, the Al composition ratio decreases in
such a manner that the absolute value of the decrease rate of an Al composition ratio gradually increases and then
gradually decreases, from the active layer 15 side to second semiconductor layer 19 side. In other words, the Al
composition ratio decrease region has an Al composition ratio distribution having a concave shape (that is, a downward
convex shape) region in a region which has an upward convex shape in an Al composition ratio distribution and at the side
of second semiconductor layer 19.

[0162] Asshowningraph (b)inFIG. 12, positive polarization charges of 2 X 1019 cm-3 are present in aregion in electron
barrier layer 18C at the activation layer side. Graph (b) in FIG. 12 shows only positive polarization charges. In addition, not-
shown negative polarization charges approximately corresponding to 2 X 1020 cm-3 are formed in an Al composition ratio
decrease region which is in electron barrier layer 18 and at the side of second semiconductor layer 19.

[0163] Asshowningraph (c)inFIG. 12, electrons having a concentration of 2 X 1017 cm-3 are induced to the interface of
electron barrier layer 18C at the side of active layer 15 in order to satisfy an electrical neutrality condition with positive
polarization charges generated at the interface of electron barrier layer 18C.

[0164] In this way, the electron concentration increases to approximately twice the electron concentration obtainable in
the configuration shown in FIG. 11. This is because the Al composition ratio in a region having a film thickness of 7 nm in
electron barrier layer 18C is larger than the Al composition ratio obtainable in the configuration shown in FIG. 11. In other
words, the concentration of electrons to be induced can be reduced more in the case of the Al composition ratio distribution
having a concave shape as in the configuration shown in FIG. 11.

[0165] Asshown ingraphs (e)and (f) in FIG. 12, the potentials of the conduction band and the valence band of electron
barrier layer 18C atthe side of active layer 15 are also decreased compared to those obtainable in the configuration shown
in FIG. 11. For this reason, potential barrier AEc against electrons decreases, and potential barrier AEv against holes
increases. In the configuration shown in FIG. 12, potential barrier AEc against electrons is 0.66 eV, and potential barrier
AEv against holes is 0.30 eV.

[0166] Next, the relationship between (i) the shape of the Al composition ratio distribution of electron barrier layer 18

18



10

15

20

25

30

35

40

45

50

55

EP 3 780 302 B9

according to this embodiment and (ii) an operation voltage of semiconductor light emitting element 100 and potential
barrier AEc against electrons is described with reference to FIGs. 13 to 15. FIG. 13 is a schematic diagramiillustrating an Al
composition ratio distribution shape of the electron barrier layer used in the simulation. FIGs. 14 and 15 are graphs showing
simulation results in the case where the electron barrier layer has a film thickness of 5 nm and 15 nm, respectively.
[0167] Inthe simulations in each of the cases where the electron barrier layer has the film thickness of 5nmor 15 nm, an
Al composition ratio largest value in the electron barrier layer, an Al composition ratio largest value in afirst region, and the
film thickness of the first region have been changed, the operation voltage at an operation current value of 300 mA and
potential barrier AEc against electrons have been estimated, and reduction in electron leakage and shapes effective for
reduction in voltage have been studied.

[0168] First, with reference to FIG. 14, the simulation results in the case where the electron barrier layer has a film
thickness of 5 nm is described.

[0169] In FIG. 14, each of graphs (a) to (e) shows the calculation results of dependencies of operation voltages with
respect to the film thicknesses of the first region in operations at a current of 300 mA, and each of graphs (f) to (j) shows the
calculation results of dependencies of potential barriers AEc against electrons with respect to the film thicknesses of the
first region in operations at a current of 300 mA. Each of graphs (a) and (f) shows the calculation results in a corresponding
one of cases in each of which the largest Al composition ratio is 0.15 and the largest Al composition ratio in the first region is
0.05,0.1,0r0.15. Each of graphs (b) and (g) shows the calculation results in a corresponding one of cases in each of which
the largest Al composition ratio is 0.2 and the largest Al composition ratio in the first region is 0.05, 1.0, 0.15, or 0.2. Each of
graphs (c)and (h) shows the calculation results in a corresponding one of cases in each of which the largest Al composition
ratio is 0.25 and the largest Al composition ratio in the first region is 0.05, 1.0, 0.15, 0.2, or 0.25. Each of graphs (d) and (i)
shows the calculation results in a corresponding one of cases in each of which the largest Al composition ratiois 0.3 and the
largest Al composition ratio in the first region is 0.05, 1.0, 0.15, 0.2, 0.25, or 0.3. Each of graphs (e) and (j) shows the
calculation results in a corresponding one of cases in each of which the largest Al composition ratio is 0.35 and the largest
Al composition ratio in the first region is 0.05, 1.0, 0.15, 0.2, 0.25, 0.3, or 0.35.

[0170] Ineach graph, white-circle points represent the film thicknesses of the first region when the Al composition ratio
distribution has a "linear-line shape" which defines the boundary between the region having the concave shape (thatis, the
downward convex shape) and the region having the convex shape (thatis, the upward convex shape)in the Al composition
ratio distribution shown in FIG. 13.

[0171] Graphs (a)to (j)in FIG. 15 show calculation results similar to the calculation results obtained in graphs (a) to (j) in
FIG. 14 although the electron barrier layer in FIG. 15 has the film thickness of 15 nm.

[0172] IneachgraphinFIG. 15, each white-circle point represents the film thickness of the first region having the "linear-
line shape" as in each graph in FIG. 14.

[0173] Asillustrated in each of graphs (a) to (e) in FIGs. 14 and 15, a value that is no larger than the operation voltages
when the Al composition ratio distribution has the linear-line shape is obtained when (i) the largest Al composition ratio in
the first region is smaller than or equal to 50% of the largest Al composition ratio in the electron barrier layer and (ii) the first
region has a film thickness corresponding to 50% or more of the film thickness of the electron barrier layer, in the range in
which the largest Al composition ratio in the electron barrier layeris in arange from 0.15to 0.35, inclusive, and the largest Al
composition ratio in the first region is in a range from 0.05 to 0.35, inclusive.

[0174] When the film thickness of the first region is the same as the film thickness of the electron barrier layer, the largest
Al composition ratio of the electron barrier layer is the largest Al composition ratio of the first region. Accordingly, as the film
thickness of the first region becomes closer to the film thickness of the electron barrier layer, the film thickness of the region
having a large band gap energy in the electron barrier layer becomes thin. For this reason, due to the influence of quantum-
mechanical tunnel effects, potential barrier AEc against electrons becomes closer to the value of AEc in the case where the
largest Al composition ratio of the electron barrier layer is the largest Al composition ratio of the first region.

[0175] Asillustratedingraphs (f)to(g)ineach of FIGs. 14 and 15, decrease in potential barrier AEc against electrons can
be reduced when the film thickness of the first region is smaller than or equal to 80% of the thickness of the electron barrier
layer, in the range in which the largest Al composition ratio in the electron barrier layer is 0.15 to 0.35, inclusive, and the
largest Al composition ratio of the first region is 0.05 to 0.35, inclusive.

[0176] TheresultsinFIGs. 14 and 15 show thatitis possible to reduce the operation voltage below the operation voltage
in the case of the linear-line shape and to reduce decrease in potential barrier AEc caused by reduction in the film thickness
of the high Al composition ratio region in the electron barrier layer, when the largest Al composition ratio in the first region is
50% or less of the largest Al composition ratio in the electron barrier layer and the film thickness of the first region is in a
range from 50% to 80%, inclusive, of the film thickness of the electron barrier layer.

[0177] Here, when the film thickness of the electron barrier layer becomes 2 nm or less, the film thickness of the electron
barrier layer is reduced. This increases the possibility of occurrence of a tunnel current and an electron overflow in which
electrons present at the interface of the electron barrier layer at the active layer side are thermally excited and go beyond
the electron barrier layer.

[0178] In addition, increasing the largest Al composition ratio value in the electron barrier layer to 15% or more
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necessitates doping of Mg at high concentration, and increasing the film thickness of the electron barrier layer increases a
waveguide loss.

[0179] Accordingly, there is a need to form an electron barrier layer having a film thickness in arange from 3 nmto 20 nm,
inclusive.

[0180] Inaddition, itis also excellent that an electron barrier layer having a film thickness in a range from 5 nmto 15 nm,
inclusive, is formed, the largest Al composition ratio in the first region is 50% or less of the largest Al composition ratio in the
electron barrier layer, and that the film thickness of the first region is in a range from 50% to 80%, inclusive, of the film
thickness of the electron barrier layer. In this way, it is possible to reduce operation voltages while stably reducing
occurrence of tunnel currents and electron overflow without increasing waveguide losses.

[0181] Inthis embodiment, increase in temperature characteristics and reduction in operation voltage are balanced by
configuring the electron barrier layer having a film thickness of 7 nm, the first region having a film thickness of 4 nm, and the
second region having a film thickness of 3 nm.

[1-5. Impurity doping profile]

[0182] Next, an impurity doping profile in second semiconductor layer 19 of semiconductor light emitting element 100
according to this embodiment is described with reference to FIG. 16. FIG. 16 is a schematic diagram illustrating an impurity
doping profile in second semiconductor layer 19 of semiconductor light emitting element 100 according to this embodi-
ment.

[0183] AsshowninFIG. 16, second semiconductorlayer 19 is formed above electron barrier layer 18 having animpurity
concentration of P1 (= 1 X 1018 cm-3). Second semiconductor layer 19 includes low impurity concentration region 19a
having impurity concentration P2 and film thickness X2 and high impurity concentration region 19b having impurity
concentration P3, in order from the electron barrier layer 18 side. In this way, waveguide losses are reduced by reducing
free carrier losses incurred by light distributed in second semiconductor layer 19.

[0184] However, aresistance increases and an operation voltage increases when impurity concentration P2 becomes
too small or film thickness X2 becomes too large. For this reason, study is made for film thickness X2 and impurity
concentration P2 of low impurity concentration region 19a for achieving a low waveguide loss while reducing increase in
operation voltage.

[0185] In FIG. 16, N1 denotes the concentration of an n-type impurity including Si in first semiconductor layer 12
including n-type AlGaN and first light guide layer 13 including n-type GaN. Here, the concentration is 1 X 1018 cm3. In
addition, P4 shownin FIG. 16 denotes the concentration of p-type impurity including Mg in contact layer 20 including p-type
GaN. Here, the concentration is 1 X 1020 cm=3. Under the conditions, the relationship between (i) film thickness X2 and
impurity concentration P2 of low impurity concentration region 19a and (ii) operation voltages and waveguide losses are
explained with reference to FIGs. 17A and 17B, respectively.

[0186] Each of FIGs. 17A and 17B is a graph showing impurity concentration dependencies of low impurity concentra-
tion region 19a with respect to operation voltages and waveguide losses in semiconductor light emitting element 100
according to this embodiment. Each of FIGs. 17A and 17B is a graph showing impurity concentrations with respect to
operation voltages and waveguide losses in operations at 300 mA in the case where impurity concentrations P2 are in a
range from 0.5 X 1018 cm-3to 1 X 1019 cm-3. In addition, each of FIGs. 17A and 17B shows the calculation results of the
impurity concentration dependencies in the case where film thicknesses P2 of low impurity concentration region 19a are 50
nm, 170 nm, 270 nm, and 370 nm.

[0187] AsillustratedinFIG. 17A, an operation voltage increases abruptly when the concentration of Mg which is a p-type
impurity decreases to 1.5 X 1018 cm-3 or less.

[0188] As illustrated in FIG. 17B, a waveguide loss reduction result is large when the film thickness of low impurity
concentration region 19a is 170 nm or more.

[0189] Inview of this, in this embodiment, reduction in operation voltage and reduction in waveguide loss are achieved
by configuring low impurity concentration region 19a having a film thickness of 170 nm and an Mg doping concentration of 2
% 1018 cm-3. With this Mg doping profile, itis possible to reduce increase in operation voltage in an operation at 300 mA to
0.1 Vand reduce the waveguide loss from 7 cm-1 to 4 cm-1 which corresponds to the half of the waveguide loss obtainable
in the case where impurity doping in second semiconductor layer 19 is constant at 1 x 1019 cm-3,

[0190] Next, the relationships between (i) impurity doping concentrations in low impurity concentration region 19a of
second semiconductor layer 19 according to this embodiment and (ii) valence band structures and hole Femi levels are
explained with reference to FIG. 18. FIG. 18 is a graph showing calculation results of valence band structures and hole
Femilevels in the case where the impurity doping concentration of low impurity concentration region 19a according to this
embodiment is changed from 1 X 1017 cm=3 to 1 X 1019 cm-3. Here, the Mg doping concentration of high impurity
concentration region 19b of second semiconductor layer 19 is 1 X 1019 cm-3,

[0191] As known from FIG. 18, decreasing the Mg doping concentration of low impurity concentration region 19a
increases the gradient of the valence band structure, and holes are accelerated by the electric field and obtain high energy.
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The high-energy holes are further accelerated to obtain high energy by the gradient of the valence band structure in a
region in the electron barrier layer at the active layer side. Such holes cause occurrence of leakage hole currents.
[0192] In addition, allowing the high-energy holes to pass through an electron barrier layer having an Mg doping
concentration of 1 X 1019 cm-3 causes crystal defects, which becomes a cause of reduction in reliability of semiconductor
light emitting element 100.

[0193] As known from FIG. 18, the gradient of the valence band structure described above increases when the Mg
doping concentration of low impurity concentration region 19a is reduced to 1 X 1018 cm-3 or less.

[0194] Accordingly, this shows that it is excellent to configure low impurity concentration region 19a to have an Mg
doping concentration in a range from 1 X 1018 cm=3to 2 X 1018 cm-3, inclusive, in order to prevent increase in waveguide
loss and operation voltage and reduce occurrence of high-energy holes due to the gradient of the valence band structure in
low impurity concentration region 19a in holes.

[0195] Considering the results shown in FIGs. 17A and 17B together with the resultin FIG. 18, it is possible to prevent
increase in waveguide loss and operation voltage and reduce occurrence of high-energy holes due to the gradient of the
valence band structure by configuring low impurity concentration region 19a to have a film thickness in a range from 150
nm to 200 nm, inclusive, and controlling Mg doping concentration within a range from 1 X 1018 cm=3 to 2 X 1018 cm-3,
inclusive. In this way, itis possible to increase operation characteristics at a high temperature and reduce operation current
values, which makes it possible to increase operation reliability of semiconductor light emitting element 100.

[0196] Next, relationships between Al composition ratio distribution shapes of the electron barrier layer and character-
istics of the semiconductor light emitting element are described with reference to FIG. 19. FIG. 19 includes graphs each
indicating characteristics of the semiconductor light emitting elements in the cases where the Al composition ratio
distribution shapes of the electron barrier layers are shape a, shape b, and shape c. Here, shape a corresponds to the Al
composition ratio distribution shape of the electron barrier layer according to this embodiment. In the shape, the Al
composition ratio in afirstregion having a film thickness of 4 nm at the active layer side increases linearly from0t0 0.15, and
the Al composition ratio in a second region having a film thickness of 3 nm at the second semiconductor layer side
increases linearly from 0.15 to 0.35. Shape b is a shape in which: in the region having a film thickness of 4 nm at the active
layer side, the Al composition ratio increases linearly from 0 to 0.35 which is the largest value with advancement from the
active layer side to the second semiconductor layer side; and in the region having a film thickness of 3 nm at the second
semiconductor layer side, the Al composition ratio is constant at 0.35 which is the largest value. Shape cis a shape in which
the Al composition ratio in the electron barrier layer having a film thickness of 7 nm is constant at 0.35.

[0197] InFIG. 19: graph (a) shows current - light output characteristics at 25 degrees Celsius; graph (b) shows current -
voltage characteristics at 25 degrees Celsius; graph (c) shows current - light output characteristics at 85 degrees Celsius;
and graph (d) shows current - voltage characteristics at 85 degrees Celsius.

[0198] Asknown from FIG. 19, with shape a, forming the first region having a small Al composition ratio change rate and
the second region having a large Al composition ratio change rate in the Al composition ratio distribution shape of the
electron barrier layer produces effects of reducing the operation voltage and increasing the temperature characteristics in
current - light output characteristics.

[0199] Inthis embodiment: the Al composition ratio distribution shape in which the Al composition ratio is increased from
0t00.15in the region having the film thickness of 4 nm is employed in the first region of the electron barrier layer; and the Al
composition ratio distribution shape in which the Al composition ratio is increased from 0.15 to 0.35 in the region having the
film thickness of 3 nm is employed in the second region of the electron barrier layer. However, the film thicknesses of the
first region and the second region of shape a are not limited to the film thicknesses described above.

[0200] The measurement results shown in FIG. 19 have been obtained using a semiconductor light emitting element
mounted on a sub-mount including diamond by junction down so that an active layer side is closer to the sub-mount side.
This mounting embodiment increases temperature characteristics for reducing a heat resistance of the semiconductor
light emitting element. Diamond has a heat conductivity of at least 1000 W/m « K which is significantly larger than heat
conductivities of materials used in other sub-mounts, for example, SiC having a heat conductivity of approximately 200
W/m « Kand AIN having a heat conductivity of approximately 150 W/m « K. Thus, diamond is suitable for achieving heat
resistance. For this reason, increase in the temperature of the semiconductor light emitting element in a high-output
operation at a high temperature is also decreased. For this reason, generally, increase in temperature increases the
activation rate of doped Mg which is a p-type impurity. This reduces resistance in a p-type layer, resulting in reduction in
operation voltage. However, use of such diamond sub-mount reduces temperature increase in the semiconductor light
emitting element, which leads to reduction in operation voltage in the case where the temperature is increased from the
room temperature to a high temperature. Accordingly, for the purpose of reducing power to be consumed, it is more
effective to reduce an operation voltage by increasing electricity conductivity of holes using the electron barrier layer
according to this embodiment having the Al composition ratio distribution described above when causing the semi-
conductor light emitting element having an increased heat dissipation and a reduced heat resistance to operate.
[0201] For example, in addition to mounting the semiconductor light emitting element on a diamond sub-mount by
junction down, examples of heat resistance reducing methods include: mounting the semiconductor light emitting element

21



10

15

20

25

30

35

40

45

50

55

EP 3 780 302 B9

on a single-crystal SiC sub-mount by junction down; and configuring the semiconductor light emitting element to have a
resonator length of 1200 pm or more and a stripe width of 40 pm or more to increase heat dissipation to reduce heat
resistance.

[0202] In particular, when configuring a super high-output semiconductor laser element which outputs at 10 W or more,
the semiconductor laser element may be configured to have a stripe length of 40 um or more and have a resonatorlength of
1500 pm or more, in terms of heat dissipation. In this way, the electron barrier layer according to this embodiment further
effectively reduce the operation voltage.

Embodiment 2

[0203] A semiconductor light emitting element according to Embodiment 2 is described, which is notin accordance with
the present invention. The semiconductor light emitting element according to this embodiment is different from semi-
conductor light emitting element 100 according to Embodiment 1 in (i) an impurity doping configuration in a third light guide
layer and (ii) a barrier layer which is in an active layer and at a second optical guide side or an impurity doping configuration
at an interface of the barrier layer at the second optical guide side. Hereinafter, the semiconductor light emitting element
according to this embodiment is described mainly focusing on differences from semiconductor light emitting element 100
according to Embodiment 1.

[2-1. Overall configuration]

[0204] Asdescribed above, the semiconductor lightemitting elementaccording to thisembodiment has a layer structure
which is similar to the layer structure of semiconductor light emitting element 100 according to Embodiment 1 illustrated in
FIG. 1A.

[0205] The semiconductor light emitting element according to this embodiment is different from semiconductor light
emitting element 100 according to Embodiment 1 in the configurations of third light guide layer 16 and barrier layer 15ain
active layer 15. Configurations of third light guide layer 16 and barrier layer 15a and effects produced by the same are
described.

[2-2. Impurity doping configuration in third optical guide layer]

[0206] Composition ratio gradientregion 16ais disposed in aregion which is in third light guide layer 16 and at the side of
intermediate layer 17 in the semiconductor light emitting element according to this embodiment. In this embodiment, Mg is
doped in composition ratio gradient region 16a. Hereinafter, impurity doping distributions in the semiconductor light
emitting element according to this embodiment are described with reference to FIGs. 20 and 21. FIG. 20 is a schematic
diagram for explaining formation of polarization charges in composition ratio gradient region 16ain third light guide layer 16
in the semiconductor light emitting element according to this embodiment. In FIG. 20, schematic diagram (a) schematically
shows the band structure (that is, a band gap energy) of a near-interface region of composition ratio gradient region 16ain
third light guide layer 16. In FIG. 20, schematic diagram (b) schematically shows a polarization charge distribution in the
near-interface region of composition ratio gradient region 16a in third light guide layer 16. In FIG. 20, each of schematic
diagrams (c) and (d) schematically shows an Mg doping profile of a near-interface region of composition ratio gradient
region 16a in third light guide layer 16. The profile shown in schematic diagram (c) has a uniform Mg doping concentration
in composition ratio gradient region 16a. The profile shown in schematic diagram (d) has a gradient Mg doping
concentration in composition ratio gradient region 16a. More specifically, the Mg doping concentration increases from
the active layer 15 side toward electron barrier layer 18 side in composition ratio gradient region 16a. Schematic diagram
(e) schematically shows the conduction band structure in the near-interface region of composition ratio gradientregion 16a
in third light guide layer 16.

[0207] FIG. 21 is a schematic diagram explaining formation of polarization charges in third light guide layer 16 of a
semiconductor light emitting element according to Comparison Example 4. The semiconductor light emitting element
according to Comparison Example 4 shown in FIG. 21 is different from the semiconductor light emitting element according
to this embodimentin that third light guide layer 16 does notinclude a composition ratio gradient region, and the same in the
otherpoints. InFIG. 21, schematic diagram (a) schematically shows the band structure (thatis, band gap energy) of anear-
interface region in third light guide layer 16. In FIG. 21, schematic diagram (b) schematically shows a polarization charge
distribution in the near-interface region in third light guide layer 16. In FIG. 21, schematic diagram (c) schematically shows
an Mg doping profile of a near-interface region of composition ratio gradient region 16a which is at an end part of third light
guide layer 16 and at the side of electron barrier layer 18. In the profile shown in schematic diagram (c), Mg is doped, in a
uniform distribution, in the region which is in third light guide layer 16 and at the side of electron barrier layer 18. Schematic
diagram (d) schematically shows the conduction band structure in the near-interface region in third light guide layer 16.
[0208] The semiconductor light emitting element according to this embodiment is configured to have composition ratio
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gradient region 16a which has a gradient In composition rate distribution and is located at the interface between
intermediate layer 17 and third light guide layer 16. It is to be noted that the semiconductor light emitting element
according to Comparison Example 4 does not have composition ratio gradient region 16a.

[0209] When third light guide layer 16 does not have composition ratio gradientregion 16a, as shown in FIG. 21, positive
polarization charges are formed at the interface between intermediate layer 17 and third light guide layer 16. For this
reason, the shape of the band structure is changed to satisfy an electrical neutrality condition, and electrons are induced to
the interface between intermediate layer 17 and third light guide layer 16. As a result, a concave as shown in schematic
diagram (d) in FIG. 21 is generated in the band structure at the interface, the concave functions as a potential barrier
against holes. For this reason, in the semiconductor light emitting element according to Comparison Example 4, the
operation voltage increases.

[0210] Incomparison, when third light guide layer 16 has composition ratio gradient region 16a, as shown in schematic
diagram (b) in FIG. 20, positive polarization charges formed at the interface between intermediate layer 17 and third light
guide layer 16 are dispersed in the entirety of composition ratio gradient region 16a at a small density. For this reason, as
shown in schematic diagram (e) in FIG. 20, the change in shape of the band structure is little, which does not produce
concaves as shown in FIG. 21. For this reason, it is possible to reduce increase in operation voltage of the semiconductor
light emitting element.

[0211] Furthermore, doping Mg in composition ratio gradient region 16a makes it possible to increase the hole
concentration in active layer 15, and further reduce the operation voltage.

[0212] As shown in schematic diagram (c) in FIG. 20, doping Mg in composition ratio gradient region 16a at a uniform
concentration increases electricity conductivity of holes in their light guide layer 16, which reduces the operation voltage.
[0213] Inaddition, as showninschematic diagram (d)in FIG. 20, configuring the semiconductor light emitting element to
have composition ratio gradient region 16a having a gradient concentration which decreases at the active layer 15 side
makes it possible to reduce occurrence of free carrier losses incurred by light distributed in third light guide layer 16. Thus, it
is possible to reduce operation voltages and reduce increase in waveguide losses.

[0214] Here, effects provided by composition ratio gradient region 16a are described with reference to FIGs. 22A to 22C.
FIGs. 22A, 22B, and 22C are graphs showing Mg doping region length dependencies with respect to operation voltages of
semiconductor light emitting element according to this embodiment in the case where Mg doping concentrations are 5 X
10'8cm 3,1 X 1019¢cm-3,and 2 X 1019 cm-3, respectively. Each diagram shows calculation results of operation voltages in
operations at 300 mA in the case where there is composition ratio gradient region 16a and in the case where there is no
composition ratio gradient region 16a. When changing the Mg doping region length in the case where there is composition
ratio gradient region 16a, the film thickness of composition ratio gradient region 16a is changed so that the Mg doping
region and the composition ratio gradient region have the same film thickness. In addition, in each diagram, each of the
solid lines shows a case in which Mg doping is performed in composition ratio gradient region 16a at a uniform
concentration, and each of dotted lines shows a case in which gradient doping of a low Mg doping concentration is
performed at the active layer 15 side.

[0215] As known from FIGs. 22A to 22C, the operation voltage is reduced by approximately 0.01 V more significantly
when the Mg doping concentration is increased. In addition, the operation voltage is reduced as the Mg doping region
length becomes longer, but excessively increasing the Mg doping region length increases waveguide losses. When the Mg
doping concentrationis 5 X 1018 cm-3, itis possible to obtain an operation voltage reduction effect as long as the Mg doping
region length is approximately 10 nm. When the Mg doping concentration is 1 X 1019 cm3, it is possible to obtain an
operation voltage reduction effect as long as the Mg doping region length is approximately 5 nm.

[0216] When the Mg doping concentration is 2 X 1019 cm-3, itis possible to obtain an operation voltage reduction effect
as long as the Mg doping region length is approximately 3 nm.

[0217] In addition, the operation voltage reduction effects are almost equivalent between when uniform doping is
performed in composition ratio gradient region 16a and when gradient doping is performed. Accordingly, in terms of
reduction in increase in waveguide losses, gradient Mg doping is performed in composition ratio gradient region 16a.
[0218] Mg doping in composition ratio gradient region 16a provides not only the effect of reducing the operation voltage
but also the effect of increasing hole electricity conductivity at lower operation voltage. For this reason, Mg doping in
composition ratio gradient region 16a is extremely important in terms of increase in temperature characteristics in high-
output operations at a Watt-class high temperature and guarantee of long term operation reliability.

[0219] In addition, study is given of a case in which the In composition ratio at the electron barrier layer 18 side in
composition ratio gradient region 16a is changed to the value which is the same as In composition ratio (that is, In
composition ratio of 0) of intermediate layer 17 including p-type GaN. In this case, performing Mg doping at the interface
with composition ratio gradient region 16a as described above creates p-type GaN at the interface of composition ratio
gradient region 16a at the side of electron barrier layer 18. Thus, an intermediate layer of a second conductivity type
including p-type GaN layer is not always necessary.
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[2-3. Impurity doping configuration in barrier layer]

[0220] Next, a description is given of an impurity doping structure in barrier layer 15ain active layer 15 according to this
embodiment.

[0221] The semiconductorlightemitting elementaccording to thisembodimentincludes an n-type impurity doped region
at least in barrier layer 15a or at the interface between second light guide layer 14 and barrier layer 15a. In this way,
cancelling the influence of negative polarization charges which are generated at the interface between second light guide
layer 14 and barrier layer 15a and reduces the potential of the valence band in barrier layer 15a makes it possible to uniform
the shape of the valence band structure in well layer 15d. In this way, itis possible to increase the uniformity of the shape ofa
quantum wave function to be formed in two layers which are well layer 15b and well layer 15d. For this reason, it is possible
to increase amplification gains by approximating the wavelengths at which the highest amplification gains are to be
obtained in the respective well layers. In this way, it is possible to reduce the oscillation threshold current value necessary
for laser oscillation.

[0222] Furthermore, performing impurity doping according to this embodiment makes it possible to reduce occurrence
of hole overflows in which holes leak to the first light guide layer. For this reason, it is possible to increase temperature
characteristics of the semiconductor light emitting element.

[0223] Here, impurity doping according to this embodiment is described with reference to FIG. 23. FIG. 23 is a schematic
diagram illustrating an aspect of impurity doping according to this embodiment. In FIG. 23, schematic diagram (a) shows
polarization charges per unit volume to be formed at the interface between the layers in active layer 15. Schematic diagram
(b) shows the band structure in a near-interface region in active layer 15. Schematic diagram (c) shows an impurity doping
profile in the case where doping is performed in barrier layer 15a. Schematic diagram (d) shows an impurity doping profile
in the case where doping is performed at the interface between barrier layer 15a and second light guide layer 14.
[0224] Asillustrated in schematic diagrams (c) and (d) in FIG. 23, the semiconductor light emitting element according to
this embodiment is configured to include an n-type impurity doped region at least in barrier layer 15a or at the interface
between second light guide layer 14 and barrier layer 15a. In this embodiment, Si is doped as an impurity.

[0225] Next, impurity doping effects according to this embodiment is described with reference to FIGs. 24 and 25. FIG.
24 includes graphs indicating a conduction band structure and a valence band structure in the case where Si is doped in
barrier layer 15ain a semiconductor element according to this embodiment. In FIG. 24, graph (a) shows calculation results
of doping concentration dependencies of the conduction band structure, and graph (b) shows calculation results of doping
concentration dependencies of the valence band structure.

[0226] The band structures change to satisfy an electrical neutrality condition at the interface, due to negative
polarization charges which are generated at the interface between second light guide layer 14 and barrier layer 15a.
Furthermore, holes are generated due to negative polarization charges. Accordingly, the potential of the interface
increases. For this reason, compensating negative polarization charges which are generated at the interface between
second light guide layer 14 and barrier layer 15a makes it possible to reduce increase in the valence band potential.
Therefore, it is effective to dope the n-type impurity in the near-interface region.

[0227] Asillustratedingraph (b)in FIG. 24, increasing the concentration of Sito be doped in barrier layer 15a reduces the
potential of the valence band structure in barrier layer 15a, which uniforms the shapes of the valence band structures of
well layer 15b and well layer 15d. In addition, increase in the potential barrier of the valence band which is in barrier layer
15a and at the side of second light guide layer 14 makes it possible to prevent or reduce expansion of a hole wave function
to the second light guide layer 14 side. In this way, the cross correlations between electrons and hole wave functions are
increased. This makes it possible to increase amplification gains to injected carriers in well layer 15b, which enables
reduction in the oscillation threshold current value. In addition, itis possible to reduce hole overflows in which holes leak to
the second light guide layer 14 side. For this reason, it is possible to increase temperature characteristics of the
semiconductor light emitting element.

[0228] The effect of increasing the potential barrier of the valence band at the second light guide layer 14 side becomes
large as the concentration of Si doped in barrier layer 15a becomes large. As known from the results shown in graph (b) in
FIG. 24, when concentration of Si doped is at 5 X 1018 cm-3 or more, the potential barrier of the valence band increases,
and also itis possible to sufficiently increase the uniformity of the valence band structures of well layer 15b and well layer
15d.

[0229] FIG.25includes graphs indicating a conduction band structure and a valence band structure in the case where Si
is doped atthe interface between barrier layer 15a and second light guide layer 14 in a semiconductor element according to
this embodiment. In FIG. 25, graph (a) shows calculation results of doping concentration dependencies of the conduction
band structure, and graph (b) shows calculation results of doping concentration dependencies of the valence band
structure. In this simulation, Siis doped in a region within =5 nm from the interface between barrier layer 15a and second
light guide layer 14.

[0230] Asshowningraph (b)inFIG. 25, increasing concentration of Sito be doped at the interface between barrier layer
15a and second light guide layer 14 reduces the potential of the valence band structure in barrier layer 15a, which uniforms
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the shapes of the valence band structures of well layer 15b and well layer 15d. In addition, increase in the potential barrier of
the valence band which is in barrier layer 15a and at the side of second light guide layer 14 makes it possible to prevent or
reduce expansion of a hole wave function to the second light guide layer 14 side. In this way, the cross correlations between
electrons and hole wave functions are increased. This enables increase in amplification gains to injected carrier in well
layer 15b, and thus it is possible to reduce the oscillation threshold current value. In addition, it is possible to reduce hole
overflows in which holes leak to the second light guide layer 14 side.

[0231] Comparison with graph (b) in FIG. 24 and graph (b) in FIG. 25 shows that, as the hole overflow reduction effect,
also the potential of the valence band of second light guide layer 14 decreases more significantly when Si is doped at the
interface between barrier layer 15a and second light guide layer 14. For this reason, it is possible to increase the effect of
preventing or reducing expansion of a hole wave function to second light guide layer 14 and the effect of reducing hole
overflows.

[0232] The effect of increasing the potential barrier of the valence band at the second light guide layer 14 side becomes
large as the concentration of Si doped at the interface between barrier layer 15a and second light guide layer 14 becomes
large. However, the resultin graph (b) in FIG. 25 shows that, in the case of 5 X 1018 cm-3 or more, the potential barrier of the
valence band increases, and itis possible to sufficiently increase the uniformity of the valence band structures of well layer
15b and well layer 15d.

Embodiment 3

[0233] A semiconductor light emitting element according to Embodiment 3 is described, which is notin accordance with
the present invention. The semiconductor light emitting element according to this embodiment is different from the
semiconductor light emitting element according to Embodiment 2 in the configurations of a barrier layer in active layer 15.
Hereinafter, the semiconductor light emitting element according to this embodiment is described mainly focusing on
differences from the semiconductor light emitting element according to Embodiment 2.

[0234] Inthe semiconductor light emitting element according to this embodiment, each of barrier layer 15a, barrier layer
15¢, and barrier layer 15e includes not InGaN having an In composition ratio of 0.04 but GaN without In.

[0235] Formingeach barrierlayertoinclude GaN without In makes it possible to enlarge the valence band barrierin each
well layer. However, even in this structure, the band structures change to satisfy an electrical neutrality condition at the
interface, due to negative polarization charges which are generated at the interface between second light guide layer 14
and barrier layer 15a. Furthermore, holes are generated due to negative polarization charges. Accordingly, the potential of
the interface increases. For this reason, compensating negative polarization charges which are generated at the interface
between second light guide layer 14 and barrier layer 15a makes it possible to reduce increase in the valence band
potential. Therefore, it is effective to dope the n-type impurity in the near-interface region.

[0236] For this reason, the semiconductor light emitting element according to this embodiment includes an n-type
impurity doped region at least in barrier layer 15a or at the interface between second light guide layer 14 and barrier layer
15a.

[0237] Inthis way, it is possible to increase amplification gains of the semiconductor light emitting element and reduce
the oscillation threshold current value necessary for laser oscillation, as in Embodiment 2. In addition, it is possible to
reduce hole overflows in which holes leak to second light guide layer 14 side. For this reason, it is possible to increase
temperature characteristics of the semiconductor light emitting element.

[0238] Here, impurity doping according to this embodimentis described with reference to FIG. 26. FIG. 26 is a schematic
diagram illustrating an aspect of impurity doping according to this embodiment. In FIG. 26, schematic diagram (a) shows
polarization charges per unit volume to be formed at the interface between the layers in active layer 15. Schematic diagram
(b) shows the band structure in a near-interface region in active layer 15. Schematic diagram (c) shows an impurity doping
profile in the case where doping is performed in barrier layer 15a. Diagram (d) shows an impurity doping profile in the case
where doping is performed at the interface between barrier layer 15a and second light guide layer 14.

[0239] Asillustrated in schematic diagrams (c) and (d) in FIG. 26, the semiconductor light emitting element according to
this embodiment is configured to include an n-type impurity doped region at least in barrier layer 15a or at the interface
between second light guide layer 14 and barrier layer 15a. In this embodiment, Si is doped as an impurity.

[0240] Next, impurity doping effects according to this embodiment is described with reference to FIGs. 27 and 28. FIG.
27 includes graphs indicating a conduction band structure and a valence band structure in the case where Siis doped in
barrier layer 15ain a semiconductor element according to this embodiment. In FIG. 27, graph (a) shows calculation results
of doping concentration dependencies of the conduction band structure, and graph (b) shows calculation results of doping
concentration dependencies of the valence band structure.

[0241] Asiillustrated in graph (b) in FIG. 27, increasing concentration of Si to be doped in barrier layer 15a reduces the
potential of the valence band structure in barrier layer 15a, which uniforms the shapes of the valence band structures of
well layer 15b and well layer 15d. In addition, increase in the potential barrier of the valence band which is in barrier layer
15a and at the side of second light guide layer 14 makes it possible to prevent or reduce expansion of a hole wave function
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to the second light guide layer 14 side. In this way, the cross correlations between electrons and hole wave functions are
increased. This makes it possible to increase amplification gains to injected carriers in well layer 15b, which enables
reduction in the oscillation threshold current value. In addition, itis possible to reduce hole overflows in which holes leak to
the second light guide layer 14 side. For this reason, it is possible to increase temperature characteristics of the
semiconductor light emitting element.

[0242] The effect of increasing the potential barrier of the valence band at the second light guide layer 14 side becomes
large as concentration of Sidoped in barrier layer 15a becomes large. As known from the results shown in graph (b) in FIG.
27, when concentration of Si to be doped is at 5 X 1018 cm-3 or more, the potential barrier of the valence band increases,
and also it is possible to sufficiently increase the uniformity of the valence band structures of well layer 15b and well layer
15d.

[0243] FIG.28includes graphsindicating a conduction band structure and a valence band structure inthe case where Si
is doped at the interface between barrier layer 15a and second light guide layer 14 in a semiconductor light emitting
element according to this embodiment. In FIG. 28, graph (a) shows calculation results of doping concentration
dependencies of the conduction band structure, and graph (b) shows calculation results of doping concentration
dependencies of the valence band structure. In this simulation, Si is doped in a region within =5 nm from the interface
between barrier layer 15a and second light guide layer 14.

[0244] Asshowningraph (b)in FIG. 28, increasing the concentration of Si to be doped at the interface between barrier
layer 15a and second light guide layer 14 reduces the potential of the valence band structure in barrier layer 15a, which
uniforms the shapes of the valence band structures of well layer 15b and well layer 15d. In addition, increase in the potential
barrier of the valence band which is in barrier layer 15a and at the side of second light guide layer 14 makes it possible to
prevent or reduce expansion of a hole wave function to the second light guide layer 14 side. In this way, the cross
correlations between electrons and hole wave functions are increased. This enables increase in amplification gains to
injected carrier in well layer 15b, and thus it is possible to reduce the oscillation threshold current value. In addition, it is
possible to reduce hole overflows in which holes leak to the second light guide layer 14 side.

[0245] By comparison between graph (b) in FIG. 27 and graph (b) in FIG. 28, as the hole overflow reduction effects, a
higher effect of decreasing the potential of the valence band is obtained when Siis doped in barrier layer 15a because the
band gap energy in barrier layer 15ais large. For this reason, it is possible to increase the effect of preventing or reducing
expansion of hole wave functions to second light guide layer 14 and the effect of reducing hole overflows.

[0246] The effect of increasing the potential barrier of the valence band at the second light guide layer 14 side becomes
large as the concentration of Si doped at the interface between barrier layer 15a and second light guide layer 14 becomes
large. As known from the results shown in graph (b) in FIG. 28, when the concentration of Si doped is at 5 X 1018 cm-3 or
more, the potential barrier of the valence band increases, and also itis possible to sufficiently increase the uniformity of the
valence band structures of well layer 15b and well layer 15d.

[0247] Eachof Embodiments 2 and 3 describes the result of doping an impurity in atleast one of (i) the interface between
barrier layer 15a and second light guide layer 14 and (ii) barrier layer 15a. However, doping an impurity in the both makes it
possible to increase the effect of preventing or reducing expansion of a hole wave function to second light guide layer 14
and the effect of reducing hole overflows.

Embodiment 4

[0248] A semiconductor light emitting element according to Embodiment 4 is described, which is notin accordance with
the present invention. The semiconductor light emitting element according to this embodiment is different from semi-
conductor light emitting element 100 according to Embodiment 1 in that impurity doping is performed at the interface
between first semiconductor layer 12 and first light guide layer 13 and the interface between first light guide layer 13 and
second light guide layer 14. Hereinafter, the semiconductor light emitting element according to this embodiment is
described mainly focusing on differences from semiconductor light emitting element 100 according to Embodiment 1.
[0249] FIG. 29 is a schematic diagram indicating a relationship between an impurity doping profile of a semiconductor
light emitting element and a band gap energy distribution according to this embodiment. In FIG. 29, schematic diagram (a)
shows an impurity doping profile of the semiconductor light emitting element according to this embodiment, and (b) shows
a band gap energy distribution of the semiconductor light emitting element according to this embodiment.

[0250] Asiillustrated in FIG. 29, the semiconductor light emitting element according to this embodiment has a structure
obtained by, in the semiconductor light emitting element according to Embodiment 1, further doping an n-type impurity
including Si to the region within =5nm from the interface between first semiconductor layer 12 and first light guide layer 13
and the region within =5nm from the interface between first light guide layer 13 and second light guide layer 14 at relatively
high concentrations of N2 and N3, respectively. In first semiconductor layer 12 and first light guide layer 13, the doping
concentration of an n-type impurity including Siin a region in which doping at a relatively high concentration has not been
performed is assumed to be N1 (= 1 X 1018 cm3).

[0251] Performing doping in this way changes the shape of the band due to holes electrically induced to negative
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polarization charges at each interface, which enables prevention of occurrence of a spike-shaped potential barrier at the
interface. In addition, since the regions in which high-concentration doping has been performed are narrow, itis possible to
reduce waveguide losses. As aresult, itis possible to achieve further reduction in operation voltage while maintaining alow
waveguide loss value.

[0252] Next, impurity doping effects according to this embodiment is described with reference to FIG. 30. FIG. 30
includes graphs showing calculation results of Al composition ratio dependencies of first semiconductor layer 12 and
second semiconductor layer 19 with respect to operation voltages in operations at 300 mA in the semiconductor light
emitting element according to this embodiment. The lines assigned with numerals in each graph show coordinates in the
case of a same operation voltage, and the numerals assigned to the lines show operation voltages. In FIG. 30, graphs (a),
(b), and (c) show calculation results in the cases where Siof 1 X 1018 cm1,5 X 1018 cm-1, and 1 X 1019 cm™" is doped,
respectively, at both the interface between first semiconductor layer 12 and first light guide layer 13 and the interface
between first light guide layer 13 and second light guide layer 14.

[0253] When the concentration of Si doped at the interface is 1 X 1018 cm-1, increasing the Al composition ratio of first
semiconductor layer 12 including n-type AlGaN to 0.04 or more increases the operation voltage. When the concentration of
Sidoped at the interface is 5 X 1018 cm-1 or more, increasing the Al composition ratio in first semiconductor layer 12 does
not change the operation voltage. In view of this, doping Si of 5 X 1078 cm-1 or more at the interface makes it possible to
prevent change in the shape of the band structure due to polarization charges that occur at the interface as long as the Al
composition ratio is within the range of 0.08. This enables further reduction in operation voltage.

[0254] In the semiconductor light emitting element according to this embodiment, doping Si of 5 X 1018 cm-! or more
enables reduction in operation voltage in an operation at 300 mA by approximately 0.03 V.

[0255] Performing doping in this way changes the shape of the band due to holes electrically induced to negative
polarization charges at each interface, which enables prevention of occurrence of a spike-shaped potential barrier at the
interface.

[0256] When holes atthe interfaces of the n-type layer changes the shape of the band, many electrons are present at the
n-type region, and thus Auger no-light-emission recombination between electrons and holes becomes more likely to occur
at the interfaces. The Auger no-light-emission recombination when occurred at each of the hetero interfaces locally
increases the temperature in the region in the vicinity of the center of no-light-emission recombination. In this case, due to
the difference in lattice constant, amplification of lattice defects becomes more likely to occur, which leads to decrease in
reliability of the semiconductor light emitting element.

[0257] In order to prevent increase in waveguide loss and prevent Auger no-light-emission recombination from
occurring at each hetero interface in the n-type semiconductor, it is effective to dope an impurity in the regions in the
vicinity of the hetero interfaces at high concentration. In addition, itis only necessary that concentrations N2and N3 are 5 X
1018 cm! or more, and thus concentrations N2 and N3 are not always the same.

[0258] In addition, the regions in which the impurity is to be doped at a high concentration are to be formed to generate
opposite-polarity charges that cancel polarization charges at the hetero interfaces. Accordingly, it is also excellent that the
impurity is doped in the hetero interface at a concentration of 5 X 1018 cm-3 or more, and that the concentration of the
impurity doped in the region other than the hetero interface may decrease. In this case, the widths of regions including the
impurity at a high concentration are equally narrowed. This reduces free carrier losses, which reduces waveguide losses.
This results in reduction in operation current value and increase in temperature characteristics.

Embodiment 5

[0259] A semiconductor light emitting element according to Embodiment 5 is described. The semiconductor light
emitting element according to this embodiment is different from semiconductor light emitting element 100 according to
Embodiment 1 in the point of including a configuration for further reducing waveguide losses. Hereinafter, with reference to
FIG. 31, the semiconductor light emitting element according to this embodiment is described mainly focusing on
differences from semiconductor light emitting element 100 according to Embodiment 1.

[0260] FIG. 31 is a schematic cross-sectional diagram illustrating a schematic configuration of semiconductor light
emitting element 500 according to this embodiment. As illustrated in FIG. 31, semiconductor light emitting element 500
according to this embodiment further includes conductive oxide film 33, in addition to the configuration of semiconductor
light emitting element 100 according to Embodiment 1.

[0261] Conductive oxide film 33 is a film disposed between contact layer 20 on the ridge and p-side electrode 32.
Conductive oxide film 33 is an oxide film which transmits visible light. Examples of conductive oxide film 33 include tin-
doped indium oxide (ITO), GaN-doped zinc oxide, Al-doped zinc oxide, In- and Ga-doped zinc oxide.

[0262] In this case, forming conductive oxide film 33 having a low refractive index between contact layer 20 and p-side
electrode 32 enables reduction in absorption losses of light that propagates in the waveguide in the p-side electrode.
Furthermore, because of the low refractive index, a strong light confinement effect is obtained. Thus, even when forming a
ridge shownin FIG. 31 to have a height of 0.45 pm orless, itis possible to reduce absorption losses which are generated by
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leakage of light to p-side electrode 32. Since the p-type AlGaN layer that forms the ridge has a refractive index higher than
the refractive index of n-type AlGaN, reducing the ridge height H (the film thickness of second semiconductor layer 19in the
ridge part) is effective to reduce series resistance in semiconductor light emitting element 500.

[0263] Insemiconductorlight emitting element 500 according to this embodiment, an ITO layer having a film thickness of
0.2 pm is used as conductive oxide film 33.

[0264] Next, effects provided by semiconductor light emitting element 500 according to this embodiment is described
with reference to FIG. 32. FIG. 32 includes graphs each indicating calculation results of light confinement coefficients and
effective refractive index differences of semiconductor light emitting element 500 according to this embodiment. Graphs
(a), (b), (c), (d), and (e) in FIG. 32 show calculation results in the cases where the ridge heights are 0.25 pm, 0.35 pm, 0.45
pm, 0.55 pm, and 0.65 pm, respectively. In FIG. 32, waveguide losses (indicated by solid lines in each graph), light
confinement coefficients (indicated by chain double-dashed lines in each graph) in light distributions in the stacking
direction to well layer 15b and well layer 15d, and differences AN (indicated by dotted lines) between effective refractive
indices inside the ridge and effective refractive indices outside the ridge, using the film thicknesses of second light guide
layer 14 and third light guide layer 16 as parameters.

[0265] The differences AN between the effective refractive indices inside the ridge and the effective refractive indices
outside the ridge are differences between effective refractive indices in the light distributions in the stacking direction inside
the ridge and effective refractive indices in the light distributions in the stacking direction outside the ridge. When AN is
large, the light confinement in the horizontal direction (direction parallel to the stacking interface) inside and outside the
ridge in the light distributions becomes large, and the light distributed in the horizontal direction is strongly confined inside
the ridge. When AN is small, the highest order in a horizontal transverse mode in which light can propagate in the
waveguide becomes small.

[0266] Assuming that a basic transverse mode having the lowest order is Oth order mode, nonlinearly bent line regions
(kinks) are likely to occur in current - light output characteristics in a graph unless light of at least three kinds of high-order
modes is present in the light distribution, which affects stability of light output power of the semiconductor light emitting
element. Accordingly, in order to prevent cut-off of the high-order horizontal transverse mode which is a mode of at least
second-order, there is a need to set an effective refractive index difference AN to a certain constant value or more.
[0267] When ridge width W is large, the highest order of the horizontal transverse mode to be cut off becomes large,
which reduces required effective refractive index difference AN. When ridge width W is in a range from 10 pm to 30 pm,
laser oscillation is unlikely to occur at the same time in the horizontal transverse modes of three kinds of different orders
unless effective refractive index difference AN is 3 X 10-3 or more. As long as effective refractive index difference AN is 1 X
10-4 or more when ridge width W is 40 pm or more, laser oscillation occurs stably in the high-order horizontal transverse
modes of second-order from atleast the basic transverse mode, which reduces occurrence of kinks. When ridge width W is
50 pm or more, the order of the horizontal transverse mode in which light waves can be guided in the ridge stripe increases
abruptly. When effective refractive index difference AN is larger than 0, laser oscillation occurs stably in the high-order
horizontal transverse modes of second-order from at least the basic transverse mode.

[0268] Here, anITO film as conductive oxide film 33 is formed between contact layer 20 and p-side electrode 32 on the
ridge. Inthis case, asillustrated in FIG. 32, in order to achieve effective refractive index difference AN of 1 X 10-4 or more in
ridge height Hin arange from 0.25 pmto 0.65 pm, inclusive, itis only necessary to form second light guide layer 14 and third
light guide layer 16 having a total thickness of 0.45 pm or less. In addition, in order to achieve effective refractive index
difference AN of 3 X 10-3 or more in ridge height H in a range from 0.25 pmto 0.65 pm, inclusive, itis only necessary to form
the second light guide layer and the third light guide layer having a total thickness of 0.3 pm or less. When ridge width W is
50 pm or more, the waveguide loss becomes smaller as the total thickness of second light guide layer 14 and third light
guide layer 16 becomes larger. However, when the total thickness of second light guide layer 14 and third light guide layer
16 becomes large, the thickness of undoped regions in second light guide layer 14 and third light guide layer 16 also
becomes large, which increases resistance. For this reason, itis also excellent to form the second light guide layer and the
third light guide layer to have a total film thickness of 0.6 pm or less.

[0269] In addition, FIG. 32 shows that forming conductive oxide film 33 including ITO between contact layer 20 and p-
side electrode 32 on the ridge does notincrease waveguide losses even when the height of the ridge is reduced to 0.25 um.
[0270] Forming conductive oxide film 33 between contact layer 20 and p-side electrode 32 on the ridge prevents abrupt
increase in waveguide loss even when the height of the ridge is reduced to 0.35 pm. Thus, it is particularly effective to set
the ridge height to be in arange from 0.25 pm to 0.45 pm, inclusive, because itis possible to reduce series resistance of the
semiconductor light emitting element.

[0271] Semiconductorlightemitting element 500 according to this embodimentis obtained by forming, in semiconductor
light emitting element 100 according to Embodiment 1, conductive oxide film 33 including an ITO and having a film
thickness of 0.2 pm. Semiconductor light emitting element 500, when configured to include a ridge having height H of 0.25
pm, and include second light guide layer 14 and third light guide layer 16 having a total film thickness of 0.25 pm, can
achieve a reduced waveguide loss of 1.6 cm-!. In semiconductor light emitting element 500, effective refractive index
difference AN is approximately as small as 1 X 10-3, and thus it is possible to reduce kinks in current - light output
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characteristics when ridge width W is 40 pm or more.

[0272] In addition, also the semiconductor light emitting element according to Embodiment 1, when configured to
include a ridge having height H of 0.45 pm and include the second light guide layer and the third light guide layer having a
total film thickness of 0.25 pm, is capable of achieving waveguides in which losses are reduced significantly to 1.8 cm-1and
2cm' orless. Also in this configuration, effective refractive index difference AN is approximately as smallas 1 X 10-3, and
thus it is possible to reduce kinks in current - light output characteristics when ridge width W is 40 pm or more.

[0273] In addition, forming conductive oxide film 33 including ITO between contact layer 20 and p-side electrode 32 on
the ridge, waveguide losses are reduced to 3 cm- or less when ridge height His in a range from 0.25 pm to 0.65 pm and the
total film thickness of the second light guide layer and the third light guide layer is 0.3 pm or more. When the total film
thickness of second light guide layer 14 and third light guide layer 16 is 0.39 pm or more, the waveguide losses are reduced
to 2 cm-! or less. When ridge width W is 50 pm or more, kinks are less likely to occur although effective refractive index AN
becomes small. When the total film thickness of the second light guide layer and the third light guide layer is 0.5 pm or more,
it is possible to achieve a waveguide that provides a super low loss of 1.5 cm™ or less.

[0274] Alternatively, when any conductive oxide film including ITO is not formed between contact layer 20 and p-side
electrode 32 on the ridge, the waveguide loss is calculated to be 4 cm-! or less in the same manner as described above
when the total film thickness of second light guide layer 14 and third light guide layer 16 is 0.31 pm or more when ridge
heightHis in arange from 0.45 pm to 0.65 pm, inclusive. In addition, the waveguide loss is 3 cm! or less when the total film
thickness of second light guide layer 14 and third light guide layer 16 is 0.36 pm or more, and the waveguide lossis 2 cm-' or
less when the total film thickness of second light guide layer 14 and third light guide layer 16 is 0.4 pm or more. When ridge
width W is 50 pm or more, kinks are less likely to occur although effective refractive index AN becomes small. When the
total film thickness of second light guide layer 14 and third light guide layer 16 is 0.5 pm or more, itis possible to achieve a
waveguide that provides a super low loss of 1.5 cm! or less.

[0275] Inaddition, when ridge height H is in a range from 0.55 to 0.65 pm, inclusive: the waveguide loss is 5 cm-1 or less
when the total film thickness of second light guide layer 14 and third light guide layer 16 is 0.25 pm or more; the waveguide
loss is 4 cm1 or less when the total film thickness of second light guide layer 14 and third light guide layer 16 is 0.33 pm or
more; and the waveguide loss is 2 cm-1 or less when the total film thickness of second light guide layer 14 and third light
guide layer 16 is 0.42 pm or more.

[0276] Inaddition, forming conductive oxide film 33 including ITO on the ridge reduces expansion of a light distribution on
the waveguide to p-side electrode 32 because conductive oxide film 33 has a low refractive index. As a result, light
absorption in the p-side electrode is reduced, which reduces waveguide losses. As described above, in order to reduce
waveguide losses, itis excellent to increase the total film thickness of second light guide layer 14 and third light guide layer
16. With this configuration, light distributed in the stacking direction is gathered in the active layer having a high refractive
index. This reduces not only expansion of the light distribution to p-side electrode 32, but also the rate of light distributed in
either an n-type layer or a p-type layer each having a high electron concentration or a high hole concentration. This reduces
free carrier losses.

[0277] Here, polarization charges occur in a near-interface region in the vicinity of the interface between second light
guide layer 14 and third light guide layer 16. In order to reduce the influence of polarization charges, itis only necessary that
doping is performed only in the near-interface region at which polarization charges occur. Itis better not to dope an impurity
in the region other than the near-interface region intentionally because the concentration of electrons and the concentra-
tion of holes in second light guide layer 14 and third light guide layer 16 are rather small in the case of skipping dopingin the
otherregion and thus free carrier losses incurred by light distributed in second light guide layer 14 and third light guide layer
16 become small.

[0278] However, doping of the impurity reduces the difference AN between the effective refractive index inside the ridge
and the effective refractive index outside the ridge, and reduces light confinement in the horizontal transverse direction. In
the case where effective refractive index difference AN becomes 3 X 10-3 or less when ridge width W is 30 pmor less, laser
oscillation is unlikely to occur at the same time in the horizontal transverse modes of three kinds of different orders, and
kinks occur in current - light output characteristics.

[0279] Inview ofthis, in order to increase effective refractive index difference AN in a state where the total film thickness
of second light guide layer 14 and third light guide layer 16 is large, it is effective to increase the Al composition ratio in first
semiconductor layer 12 higher than the Al composition ratio in second semiconductor layer 19. With this configuration,
since increase in Al composition ratio reduces the refractive index, light in a light distribution is biased toward the side of
second semiconductor layer 19 at which the refractive index is high. This results in increase in the influence in effective
refractive indices due to the difference between inside the structure of the ridge in the horizontal direction and outside the
structure of the ridge in the horizontal direction. This enables increase in refractive index difference AN.

[0280] In this case, forming conductive oxide film 33 including ITO on the ridge and setting ridge height H to 0.45 pm or
less make it possible to reduce series resistance of semiconductor light emitting element 500, which reduces the rate of
light which is inside the ridge which is a p-type layer and is distributed in the stacking direction. For this reason, free carrier
losses are reduced. Furthermore, it is possible to reduce absorption losses in p-side electrode 32.
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[0281] Atthis time, as shown in FIG. 30, in the case where the concentration of Si doped at the interface between first
semiconductor layer 12 and first light guide layer 13 and the interface between first light guide layer 13 and second light
guide layer 14is 1 X 1018 cm-1, an operation voltage increases when the Al composition ratio in first semiconductor layer
12isincreased to 0.04 or more. In the opposite case where the concentration of Sidoped at each interfaceis 5 X 1018 cm-1
or more, an operation voltage does not change even when the Al composition ratio in first semiconductor layer 12 is
increased. In view of this, doping Si of 5 X 1018 cm-1 or more at each interface makes it possible to prevent change in the
shape of the band structure due to polarization charges that occur at the interface as long as the Al composition ratio is
within the range of 0.08 or less. In this way, it is further possible to achieve further reduction in operation voltage.
[0282] When the Alcomposition ratio in first semiconductor layer 12 is increased to 0.04 or more, itis possible to achieve
reduction in operation voltage even when Si of 5 X 1018 cm! or more is doped only to the interface between first
semiconductor layer 12 and firstlight guide layer 13 among the interface between first semiconductor layer 12 and first light
guide layer 13 and the interface between first light guide layer 13 and second light guide layer 14.

[0283] As a result, it is possible to reduce series resistances, increase effective refractive index difference AN, and
reduce waveguide losses at the same time. Accordingly, it is possible to achieve a semiconductor light emitting element
which has low operation voltage characteristics, provides a high light emitting efficiency, and has current - light output
characteristics which do not cause kinks.

Variations, etc.

[0284] Although the semiconductor light emitting element according to the present disclosure has been described
based on each of the embodiments above, the present disclosure is not limited to the embodiment.

[0285] For example, although a blue laser element having an oscillation wavelength band including 450 nm has been
described in any of the embodiments, the present disclosure is applicable also to a blue-violet laser element having an
oscillation wavelength band including 405 nm.

[0286] In addition, although each of the embodiments describes the example in which the semiconductor light emitting
element s the semiconductor laser element, it is to be noted that the semiconductor light emitting element is not limited to
the semiconductor laser element. For example, the semiconductor light emitting element may be a super luminescent
diode.

[0287] In addition, although current is confined using the ridge structure in each of the semiconductor light emitting
elements according to the embodiments and variations, the means for confining current is not limited to the ridge. An
electrode stripe structure, an embedment-type structure, or the like may be used.

INDUSTRIAL APPLICABILITY
[0288] The semiconductor light emitting elements according to the present disclosure are applicable to, for example,
on-vehicle head light sources, etc. as light sources which only consume low power even in operations at a high

temperature.

REFERENCE MARKS IN THE DRAWINGS

[0289]

11 GaN substrate

12 first semiconductor layer
13 first light guide layer

14 second light guide layer
15, 415 active layer

15a, 15¢, 15e barrier layer

15b, 15d well layer

16 third light guide layer
16a composition ratio gradient region
17 intermediate layer

18, 18A, 18B, 18C, 418
19

electron barrier layer
second semiconductor layer

19a low impurity concentration region
19b high impurity concentration region
20 contact layer

30 current block layer
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31 n-side electrode
32 p-side electrode
33 conductive oxide film
100, 500 semiconductor light emitting element
211 n-type layer
212 active layer
213 p-type layer
228 p-side electron confinement layer
230 upper clad layer
Claims
1. A semiconductor light emitting element, comprising:
a GaN substrate (11);
afirst semiconductor layer (12) above the GaN substrate (11), the first semiconductor layer (12) including a nitride
semiconductor of a first conductivity type;
an active layer (15) above the first semiconductorlayer (12), the active layer (15) including a nitride semiconductor
including Ga or In;
an electron barrier layer (18) above the active layer (15), the electron barrier layer (18) including a nitride
semiconductor including at least Al; and
a second semiconductor layer (19) above the electron barrier layer (18), the second semiconductor layer (19)
including a nitride semiconductor of a second conductivity type different from the first conductivity type,
wherein when:
in the electron barrier layer (18), a stacking direction perpendicular to a main surface of the GaN substrate
(11) is an x-axis direction;
in the stacking direction, a position closest to the active layer (15) is represented by position x = Xs, and a
position farthest from the active layer (15) is represented by position x = Xe;
in the stacking direction, a position having a highest Al composition ratio between position x = Xs and position
x = Xe is represented by position x = Xm;
in the electron barrier layer (18), an Al composition ratio at position x that satisfies Xs < x < Xe is represented
by function f(x); and
afirstderivative of function f(x) with respect to x is f'(x), and a second derivative of function f(x) with respect to x
is f"(x),
the electron barrier layer (18) includes a first concave region that satisfies f'(x) > 0 and f(x) > 0, the first
concave region being included in a region that satisfies Xs < x < Xm regarding position x,
the second derivative f'(x) reaches a local maximum at position x = X1 in the first concave region,
the electron barrier layer (18) includes a first convex region in which f'(x) < 0 is satisfied in a region that
satisfies X1 < x < Xe regarding position x, and
when alinear function that passes through a point (Xs, f(Xs)) and is tangent to function f(x) at position x = Xtin
the first convex region is g(x), function f(x), function g(x), and first derivative f(x) satisfy a relationship g(x) >
f(x) and f(x) > 0 at position x that satisfies Xs < x < Xt.
2. The semiconductor light emitting element according to claim 1,
wherein the Al composition ratio changes continuously in a region in which the Al composition ratio changes in the
electron barrier layer (18).
3. The semiconductor light emitting element according to one of claim 1 and claim 2,
wherein position x = Xm is located in the first convex region.
4. The semiconductor light emitting element according to any one of claim 1 to claim 3,
wherein the electron barrier layer (18) includes a second concave region including a position at which f(x) > 0 is
satisfied and f'(x) reaches a local maximum, the second concave region being included in a region that satisfies Xs <x
< X1 regarding position x.
5. The semiconductor light emitting element according to any one of claim 1 to claim 4,

wherein the electron barrier layer (18) includes, in a region, a second convex region in which f'(x) < 0 is satisfied, the
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region satisfying Xs < x < X1 regarding position x.

6. The semiconductor light emitting element according to any one of claim 1 to claim 5,
wherein the first concave region has a width of (Xm - Xs)/2 or more.

7. A semiconductor light emitting element, comprising
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a GaN substrate (11);

afirst semiconductor layer (12) above the GaN substrate (11), the first semiconductor layer (12) including a nitride
semiconductor of a first conductivity type;

an active layer (15) above the first semiconductorlayer (12), the active layer (15) including a nitride semiconductor
including Ga or In;

an electron barrier layer (18) above the active layer (15), the electron barrier layer (18) including a nitride
semiconductor including at least Al; and

a second semiconductor layer (19) above the electron barrier layer (18), the second semiconductor layer (19)
including a nitride semiconductor of a second conductivity type different from the first conductivity type,
wherein when:

in the electron barrier layer (18), a stacking direction perpendicular to a main surface of the GaN substrate
(11) is an x-axis direction;

in the stacking direction, a position closest to the active layer (15) is represented by position x = Xs, and a
position farthest from the active layer (15) is represented by position x = Xe;

in the stacking direction, a position having a highest Al composition ratio between position x = Xs and position
x = Xe is represented by position x = Xm;

in the electron barrier layer (15), an Al composition ratio at position x that satisfies Xs < x < Xe is represented
by function f(x); and

afirstderivative of function f(x) with respect to x is f'(x), and a second derivative of function f(x) with respect to x
is f"(x),

the electron barrier layer (15) includes a first concave region that satisfies f'(x) > 0 and f(x) > 0, the first
concave region being included in a region that satisfies Xs < x < Xm regarding position x, and

the electron barrier layer (15) includes a first decrease region and a second decrease region in order from a
side of the active layer (15), the first decrease region having an Al composition ratio that decreases
monotonically in a direction from position x = Xm toward the second semiconductor layer (19), the second
decrease region having an Al composition ratio that decreases monotonically less than in the first decrease
region in the direction from position x = Xm toward the second semiconductor layer (19).

8. A semiconductor light emitting element, comprising

a GaN substrate (11) ;

a first semiconductor layer (12) above the GaN substrate, the first semiconductor layer (12) including a nitride
semiconductor of a first conductivity type;

an active layer (15) above the first semiconductorlayer (12), the active layer (15) including a nitride semiconductor
including Ga or In;

an electron barrier layer (18) above the active layer (15), the electron barrier layer (18) including a nitride
semiconductor including at least Al; and

a second semiconductor layer (19) above the electron barrier layer (18), the second semiconductor layer (19)
including a nitride semiconductor of a second conductivity type different from the first conductivity type,
wherein the electron barrier layer (18) includes: a first region in which an Al composition ratio changes at a first
change rate in a stacking direction perpendicular to a main surface of the GaN substrate (11), and a second region
which is disposed between the first region and the second semiconductor layer (19) and in which an Al
composition ratio changes at a second change rate in the stacking direction,

in the first region and the second region, the Al composition ratio monotonically increases in the direction from the
active layer (15) toward second semiconductor layer (19), and

the second change rate is larger than the first change rate in the direction from the active layer (15) toward second
semiconductor layer (19), and

when:

in the electron barrier layer (18), a stacking direction perpendicular to a main surface of the GaN substrate
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(11) is an x-axis direction;

in the stacking direction, a position closest to the active layer (15) is represented by position x = Xs, and a
position farthest from the active layer (15) is represented by position x = Xe; and

in the stacking direction, a position having a highest Al composition ratio between position x = Xs and position
x = Xe is represented by position x = Xm,

the electron barrier layer (18) includes a first decrease region and a second decrease region in order from a
side of the active layer (15), the first decrease region having an Al composition ratio that decreases
monotonically in a direction from position x = Xm toward the second semiconductor layer (19), the second
decrease region having an Al composition ratio that decreases monotonically less than in the first decrease
region in the direction from position x = Xm toward the second semiconductor layer (19).

9. A semiconductor light emitting element according to claim 8,
wherein the first region has a film thickness of more than 50% and no larger than 80% of the film thickness of the
electron barrier layer (18), and the Al composition ratio at position x = (Xm + Xs)/2 is no larger than 50% of the largest Al
composition ratio in the electron barrier layer (18).
10. The semiconductor light emitting element according to any one of claim 1 to claim 9, further comprising:
an intermediate layer (17) between the electron barrier layer (18) and the active layer (15), the intermediate layer
(17) including a nitride semiconductor,
wherein the active layer (15) includes InGaN, and
the intermediate layer (17) includes GaN of the second conductivity type.
11. The semiconductor light emitting element according to any one of claim 1 to claim 10,
wherein the semiconductor light emitting element is a semiconductor laser element having a resonator length of 1500
pm ormore and a stripe width of 40 um or more and wherein the semiconductor laser elementis configured to output at
10W or more.
12. The semiconductor light emitting element according to any one of claim 1 to claim 11,
wherein the semiconductor light emitting element is a semiconductor laser element,
the second semiconductor layer has a ridge,
the semiconductor light emitting element comprising:
a conductive oxide film (33) on the second semiconductor layer (19), the conductive oxide film (33) being a film
disposed between a contact layer (20) on the ridge and a p-side electrode (32), the ridge being formed on the
second semiconductor layer (19) of the semiconductor light emitting element (100), the contact layer (20) being a
layer disposed above the second semiconductor layer (19) and including a nitride semiconductor of the second
conductivity type, the p-side electrode (32) being a conductive layer disposed above the contact layer (20).
Patentanspriiche
1. Lichtemittierendes Halbleiterelement, das Folgendes umfasst:

ein GaN-Substrat (11);

eine erste Halbleiterschicht (12) Uber dem GaN-Substrat (11), wobei die erste Halbleiterschicht (12) einen
Nitridhalbleiter eines ersten Leitfahigkeitstyps beinhaltet;

eine aktive Schicht (15) Gber der ersten Halbleiterschicht (12), wobei die aktive Schicht (15) einen Nitridhalbleiter
beinhaltet, der Ga oder In beinhaltet;

eine Elektronensperrschicht (18) Gber der aktiven Schicht (15), wobei die Elektronensperrschicht (18) einen
Nitridhalbleiter beinhaltet, der mindestens Al beinhaltet; und

eine zweite Halbleiterschicht (19) Uber der Elektronensperrschicht (18), wobei die zweite Halbleiterschicht (19)
einen Nitridhalbleiter eines zweiten Leitfahigkeitstyps, der sich vom ersten Leitfahigkeitstyp unterscheidet,
beinhaltet,

wobei, wenn:

eine Stapelrichtung senkrecht zu einer Hauptflaiche des GaN-Substrats (11) in der Elektronensperrschicht
(18) eine x-Achsenrichtung ist;
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eine Position, die in der Stapelrichtung der aktiven Schicht (15) am nachsten ist, durch die Position x = Xs
reprasentiert wird, und eine Position, die von der aktiven Schicht (15) am weitesten entfernt ist, durch die
Position x = Xe reprasentiert wird;

eine Position in der Stapelrichtung, die zwischen der Position x = Xs und der Position x = Xe ein hdchstes Al-
Zusammensetzungsverhaltnis aufweist, durch die Position x = Xm reprasentiert wird;

in der Elektronensperrschicht (18) ein Al-Zusammensetzungsverhaltnis in der Position x, die Xs < x < Xe
erfullt, durch die Funktion f(x) reprasentiert wird; und

eine erste Ableitung der Funktion f(x) mit Bezug auf x f(x) ist und eine zweite Ableitung der Funktion f(x) mit
Bezug auf x f"(x) ist,

die Elektronensperrschicht (18) beinhaltet eine erste konkave Region, die f'(x) > 0 und f'(x) = > 0 erfllt, wobei
die erste konkave Region in einer Region beinhaltet ist, die mit Bezug auf die Position x Xs < x < Xm erfilllt,
die zweite Ableitung f'(x) erreicht in der Position x = X1 in der ersten konkaven Region ein lokales Maximum,
die Elektronensperrschicht (18) beinhaltet eine erste konvexe Region, in der f*(x) <0 in einer Region, die mit
Bezug auf die Position x X1 < x < Xe erfilllt ist, und

wenn eine lineare Funktion, die durch einen Punkt (Xs, f(Xs)) verlauft und in der Position x = Xt in der ersten
konvexen Region tangential zur Funktion f(x) ist, g(x) ist, die Funktion f(x), die Funktion g(x) und die erste
Ableitung f (x) in der Position x, die Xs < x < Xt erfillt, eine Beziehung g(x) > f(x) und f'(x) > 0 erfillt.

Lichtemittierendes Halbleiterelement nach Anspruch 1,
wobei sich das Al-Zusammensetzungsverhaltnis in einer Region, in der sich das Al-Zusammensetzungsverhaltnis in
der Elektronensperrschicht (18) andert, kontinuierlich andert.

Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 und Anspruch 2,
wobei sich die Position x = Xm in der ersten konvexen Region befindet.

Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 3,

wobei die Elektronensperrschicht (18) eine zweite konkave Region beinhaltet, die eine Position beinhaltet, in der f'(x)
>0 erfulltistund f"(x) ein lokales Maximum erreicht, wobei die zweite konkave Region in einer Region beinhaltetist, die
mit Bezug auf die Position x Xs < x < X1 erfillt.

Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 4,
wobei die Elektronensperrschicht (18) in einer Region eine zweite konvexe Region beinhaltet, in der f'(x) <0 erflltist,
wobei die Region mit Bezug auf die Position x Xs < x < X1 erfillt.

Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 5,
wobei die erste konkave Region eine Breite von (Xm - Xs)/2 oder mehr aufweist.

Lichtemittierendes Halbleiterelement, das Folgendes umfasst

ein GaN-Substrat (11);

eine erste Halbleiterschicht (12) GUber dem GaN-Substrat (11), wobei die erste Halbleiterschicht (12) einen
Nitridhalbleiter eines ersten Leitfahigkeitstyps beinhaltet;

eine aktive Schicht (15) Gber der ersten Halbleiterschicht (12), wobei die aktive Schicht (15) einen Nitridhalbleiter
beinhaltet, der Ga oder In beinhaltet;

eine Elektronensperrschicht (18) Uber der aktiven Schicht (15), wobei die Elektronensperrschicht (18) einen
Nitridhalbleiter beinhaltet, der mindestens Al beinhaltet; und

eine zweite Halbleiterschicht (19) Uber der Elektronensperrschicht (18), wobei die zweite Halbleiterschicht (19)
einen Nitridhalbleiter eines zweiten Leitfahigkeitstyps, der sich vom ersten Leitfahigkeitstyp unterscheidet,
beinhaltet,

wobei, wenn:

eine Stapelrichtung senkrecht zu einer Hauptfliche des GaN-Substrats (11) in der Elektronensperrschicht
(18) eine x-Achsenrichtung ist;

eine Position, die in der Stapelrichtung der aktiven Schicht (15) am nachsten ist, durch die Position x = Xs
reprasentiert wird, und eine Position, die von der aktiven Schicht (15) am weitesten entfernt ist, durch die
Position x = Xe reprasentiert wird;

eine Position in der Stapelrichtung, die zwischen der Position x = Xs und der Position x = Xe ein hochstes Al-
Zusammensetzungsverhaltnis aufweist, durch die Position x = Xm reprasentiert wird;
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in der Elektronensperrschicht (18) ein Al-Zusammensetzungsverhaltnis in der Position x, die Xs < x < Xe
erfillt, durch die Funktion f(x) reprasentiert wird; und

eine erste Ableitung der Funktion f(x) mit Bezug auf x f(x) ist, und eine zweite Ableitung der Funktion f(x) mit
Bezug auf x f"(x) ist,

die Elektronensperrschicht (18) beinhaltet eine erste konkave Region, die f'(x) > 0 und f'(x) > 0 erfillt, wobei
die erste konkave Regionin einer Region beinhaltetist, die mit Bezug aufdie Position x Xs < x <Xm erfiillt, und
die Elektronensperrschicht (18) beinhaltet in Reihenfolge von einer Seite der aktiven Schicht (15) eine erste
Verringerungsregion und eine zweite Verringerungsregion, wobei die erste Verringerungsregion ein Al-
Zusammensetzungsverhaltnis aufweist, das sich in einer Richtung von der Position x = Xm zur zweiten
Halbleiterschicht (19) monoton verringert, wobei die zweite Verringerungsregion ein Al-Zusammenset-
zungsverhaltnis aufweist, das sich in der Richtung von der Position x = Xm zur zweiten Halbleiterschicht (19)
monoton um weniger verringert als in der ersten Verringerungsregion.

Lichtemittierendes Halbleiterelement, das Folgendes umfasst

ein GaN-Substrat (11);

eine erste Halbleiterschicht (12) Gber dem GaN-Substrat, wobei die erste Halbleiterschicht (12) einen Nitridhalb-
leiter eines ersten Leitfahigkeitstyps beinhaltet;

eine aktive Schicht (15) Gber der ersten Halbleiterschicht (12), wobei die aktive Schicht (15) einen Nitridhalbleiter
beinhaltet, der Ga oder In beinhaltet;

eine Elektronensperrschicht (18) Uber der aktiven Schicht (15), wobei die Elektronensperrschicht (18) einen
Nitridhalbleiter beinhaltet, der mindestens Al beinhaltet; und

eine zweite Halbleiterschicht (19) Gber der Elektronensperrschicht (18), wobei die zweite Halbleiterschicht (19)
einen Nitridhalbleiter eines zweiten Leitfahigkeitstyps, der sich vom ersten Leitfahigkeitstyp unterscheidet,
beinhaltet,

wobei die Elektronensperrschicht (18) Folgendes beinhaltet: eine erste Region, in der sich das Al-Zusammen-
setzungsverhaltnis in einer Stapelrichtung senkrecht zu einer Hauptflache des GaN-Substrats (11) mit einer
ersten Anderungsrate éndert, und eine zweite Region, die zwischen der ersten Region und der zweiten Halb-
leiterschicht (19) angeordnet ist und in der sich ein Al-Zusammensetzungsverhaltnis in der Stapelrichtung mit
einer zweiten Anderungsrate andert,

in der ersten Region und der zweiten Region erhéht sich das Al-Zusammensetzungsverhaltnis in der Richtung
von der aktiven Schicht (15) zur zweiten Halbleiterschicht (19) monoton, und

die zweite Anderungsrate ist in der Richtung von der aktiven Schicht (15) zur zweiten Halbleiterschicht (19)
gréRer als die erste Anderungsrate, und

wenn:

eine Stapelrichtung senkrecht zu einer Hauptflache des GaN-Substrats (11) in der Elektronensperrschicht
(18) eine x-Achsenrichtung ist;

eine Position, die in der Stapelrichtung der aktiven Schicht (15) am nachsten ist, durch die Position x = Xs
reprasentiert wird, und eine Position, die von der aktiven Schicht (15) am weitesten entfernt ist, durch die
Position x = Xe reprasentiert wird; und

eine Position in der Stapelrichtung, die zwischen der Position x = Xs und der Position x = Xe ein hdchstes Al-
Zusammensetzungsverhaltnis aufweist, durch die Position reprasentiert x = Xm wird,

die Elektronensperrschicht (18) beinhaltet in Reihenfolge von einer Seite der aktiven Schicht (15) eine erste
Verringerungsregion und eine zweite Verringerungsregion, wobei die erste Verringerungsregion ein Al-
Zusammensetzungsverhaltnis aufweist, das sich in einer Richtung von der Position x = Xm zur zweiten
Halbleiterschicht (19) monoton verringert, wobei die zweite Verringerungsregion ein Al-Zusammenset-
zungsverhaltnis aufweist, das sich in der Richtung von einer Position x = Xm zur zweiten Halbleiterschicht
(19) monoton um weniger verringert als in der ersten Verringerungsregion.

9. Lichtemittierendes Halbleiterelement, nach Anspruch 8,
wobei die erste Region eine Filmdicke von mehr als 50% und nicht gréf3er als 80% der Filmdicke der Elektronen-
sperrschicht (18) aufweist, und das Al-Zusammensetzungsverhaltnis in der Position x = (Xm + Xs)/2 nicht grof3er als
50% des groRten Al-Zusammensetzungsverhaltnisses in der Elektronensperrschicht (18) ist.

10. Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 9, das ferner Folgendes umfasst:

eine Zwischenschicht (17) zwischen der Elektronensperrschicht (18) und der aktiven Schicht (15), wobei die
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Zwischenschicht (17) einen Nitridhalbleiter beinhaltet,
wobei die aktive Schicht (15) InGaN beinhaltet, und
die Zwischenschicht (17) beinhaltet GaN des zweiten Leitfahigkeitstyps.

11. Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 10,
wobei das lichtemittierende Halbleiterelement ein Halbleiterlaserelement mit einer Resonatorlange von 1500 wm
oder mehr und einer Streifenbreite von 40 wm oder mehrist und wobei das Halbleiterlaserelement dazu ausgelegt ist,
bei 10 W oder mehr auszugeben.

12. Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 11,

wobei das lichtemittierende Halbleiterelement ein Halbleiterlaserelement ist,

die zweite Halbleiterschicht eine Erhdhung aufweist,

das lichtemittierende Halbleiterelement Folgendes umfasst:

einen leitfahigen Oxidfilm (33) auf der zweiten Halbleiterschicht (19), wobei der leitfahige Oxidfilm (33) ein Film
ist, der zwischen einer Kontaktschicht (20) auf der Erhdhung und einer p-seitigen Elektrode (32) angeordnet ist,
wobei die Erhdhung auf der zweiten Halbleiterschicht (19) des lichtemittierenden Halbleiterelements (100)
gebildetist, wobei die Kontaktschicht (20) eine Schichtist, die iber der zweiten Halbleiterschicht (19) angeordnet
ist und einen Nitridhalbleiter des zweiten Leitfahigkeitstyps beinhaltet, wobei die p-seitige Elektrode (32) eine
leitfahige Schicht ist, die Gber der Kontaktschicht (20) angeordnet ist.

Revendications
1. Elément électroluminescent & semi-conducteur, comprenant :

un substrat en GaN (11) ;

une premiére couche semi-conductrice (12) au-dessus du substrat en GaN (11), la premiére couche semi-
conductrice (12) comportant un semi-conducteur a base de nitrure d’'un premier type de conductivité ;

une couche active (15) au-dessus de la premiere couche semi-conductrice (12), la couche active (15) comportant
un semi-conducteur a base de nitrure comportant Ga ou In ;

une couche barriere d’électrons (18) au-dessus de la couche active (15), la couche barriere d’électrons (18)
comportant un semi-conducteur a base de nitrure comportant au moins AL ; et

une deuxiéme couche semi-conductrice (19) au-dessus de la couche barriere d’électrons (18), la deuxiéme
couche semi-conductrice (19) comportant un semi-conducteur a base de nitrure d’'un deuxiéme type de
conductivité différent du premier type de conductivité,

dans lequel lorsque :

dans la couche barriere d’électrons (18), une direction d’empilement perpendiculaire a une surface
principale du substrat en GaN (11) est une direction d’axe x ;

dans la direction d’empilement, une position la plus proche de la couche active (15) est représentée par la
position x = Xs, etune position la plus éloignée de la couche active (15) estreprésentée parla position x = Xe ;
dansladirection d’empilement, une position ayantle plus grand rapport de composition Al entre la position x =
Xs et la position x = Xe est représentée par la position x = Xm ;

dans la couche barriére d’électrons (18), un rapport de composition Al a la position x qui satisfait Xs < x < Xe
est représenté par la fonction f(x) ; et

une dérivée premiéere de la fonction f(x) par rapport a x est f (x), et une dérivée seconde de la fonction f(x) par
rapport a x est f'(x),

la couche barriére d’électrons (18) comporte une premiere région concave qui satisfait f'(x) >0 etf(x) >0, la
premiere région concave étant incluse dans une région qui satisfait Xs < x < Xm concernant la position x,
la dérivée seconde f'(x) atteint un maximum local a la position x = X1 dans la premiére région concave,
la couche barriere d’électrons (18) comporte une premiére région convexe dans laquelle f'(x) < 0 est
satisfaite dans une région qui satisfait X1 < x < Xe concernant la position x, et

lorsqu’une fonction linéaire qui passe par un point (Xs, f(Xs)) et qui est tangente a lafonction f(x) a la position x
= Xt dans la premiére région convexe est g(x), la fonction f(x), la fonction g(x) et la dérivée premiere f (x)
satisfont une relation g(x) > f(x) et f (x) > 0 a la position x qui satisfait Xs < x < Xt.

2. Elément électroluminescent a semi-conducteur selon la revendication 1,
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dans lequel le rapport de composition Al change continuellement dans une région dans laquelle le rapport de
composition Al change dans la couche barriére d’électrons (18).

Elément électroluminescent & semi-conducteur selon I'une des revendications 1 et 2,
dans lequel la position x = Xm est située dans la premiére région convexe.

Elément électroluminescent & semi-conducteur selon 'une quelconque des revendications 1 a 3,

dans lequel la couche barriere d’électrons (18) comporte une deuxieme région concave comportant une position a
laquelle f'(x) > 0 est satisfaite et f" (x) atteint un maximum local, la deuxiéme région concave étant incluse dans une
région qui satisfait Xs < x < X1 concernant la position x.

Elément électroluminescent & semi-conducteur selon 'une quelconque des revendications 1 a 4,
dans lequel la couche barriere d’électrons (18) comporte, dans une région, une deuxiéme région convexe dans
laquelle f'(x) < O est satisfaite, la région satisfaisant Xs < x < X1 concernant la position x.

Elément électroluminescent & semi-conducteur selon 'une quelconque des revendications 1 a 5,
dans lequel la premiére région concave a une largeur de (Xm - Xs)/2 ou plus.

Elément électroluminescent & semi-conducteur, comprenant

un substrat en GaN (11) ;

une premiére couche semi-conductrice (12) au-dessus du substrat en GaN (11), la premiére couche semi-
conductrice (12) comportant un semi-conducteur a base de nitrure d’'un premier type de conductivité ;

une couche active (15) au-dessus de la premiere couche semi-conductrice (12), la couche active (15) comportant
un semi-conducteur a base de nitrure comportant Ga ou In ;

une couche barriere d’électrons (18) au-dessus de la couche active (15), la couche barriere d’électrons (18)
comportant un semi-conducteur a base de nitrure comportant au moins AL ; et

une deuxiéme couche semi-conductrice (19) au-dessus de la couche barriere d’électrons (18), la deuxiéme
couche semi-conductrice (19) comportant un semi-conducteur & base de nitrure d’'un deuxiéme type de
conductivité différent du premier type de conductivite,

dans lequel lorsque :

dans la couche barriere d’électrons (18), une direction d’empilement perpendiculaire a une surface
principale du substrat en GaN (11) est une direction d’axe x ;

dans la direction d’empilement, une position la plus proche de la couche active (15) est représentée par la
position x = Xs, etune position la plus éloignée de la couche active (15) estreprésentée parla position x = Xe ;
dansladirection d’empilement, une position ayantle plus grand rapport de composition Al entre la position x =
Xs et la position x = Xe est représentée par la position x = Xm ;

dans la couche barriére d’électrons (18), un rapport de composition Al a la position x qui satisfait Xs < x < Xe
est représenté par la fonction f(x) ; et

une dérivée premiéere de la fonction f(x) par rapport a x est f (x), et une dérivée seconde de la fonction f(x) par
rapport a x est f'(x),

la couche barriére d’électrons (18) comporte une premiere région concave qui satisfait f'(x) >0 etf(x) >0, la
premiére région concave étant incluse dans une région qui satisfait Xs < x < Xm concernant la position x, et
la couche barriére d’électrons (18) comporte une premiére région de diminution et une deuxiéme région de
diminution dans I'ordre a partir d’'un c6té de la couche active (15), la premiére région de diminution ayant un
rapport de composition Al qui diminue de fagon monotone dans une direction allant de la position x = Xm vers
la deuxiéme couche semi-conductrice (19), la deuxiéme région de diminution ayant un rapport de composi-
tion Al qui diminue de fagon monotone moins que dans la premiere région de diminution dans la direction
allant de la position x = Xm vers la deuxiéme couche semi-conductrice (19).

Elément électroluminescent & semi-conducteur, comprenant

un substrat en GaN (11) ;

une premiere couche semi-conductrice (12) au-dessus du substrat en GaN, la premiere couche semi-conduc-
trice (12) comportant un semi-conducteur a base de nitrure d’un premier type de conductivité ;

une couche active (15) au-dessus de la premiére couche semi-conductrice (12), la couche active (15) comportant
un semi-conducteur a base de nitrure comportant Ga ou In ;
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une couche barriére d’électrons (18) au-dessus de la couche active (15), la couche barriere d’électrons (18)
comportant un semi-conducteur a base de nitrure comportant au moins AL ; et

une deuxiéme couche semi-conductrice (19) au-dessus de la couche barriére d’électrons (18), la deuxiéme
couche semi-conductrice (19) comportant un semi-conducteur a base de nitrure d’'un deuxiéme type de
conductivité différent du premier type de conductivite,

dans lequel la couche barriére d’électrons (18) comporte : une premiére région dans laquelle un rapport de
composition Al change a une premiére vitesse de changement dans une direction d’empilement perpendiculaire
a une surface principale du substrat en GaN (11), et une deuxiéme région qui est disposée entre la premiére
région et la deuxieme couche semi-conductrice (19) et dans laquelle un rapport de composition Al change a une
deuxiéme vitesse de changement dans la direction d’empilement,

dans la premiére région etla deuxieme région, le rapport de composition Al augmente de fagon monotone dans la
direction allant de la couche active (15) vers la deuxi€me couche semi-conductrice (19), et

la deuxiéme vitesse de changement est plus grande que la premiéere vitesse de changement dans la direction
allant de la couche active (15) vers la deuxieme couche semi-conductrice (19), et

lorsque :

dans la couche barriére d’électrons (18), une direction d’empilement perpendiculaire a une surface
principale du substrat en GaN (11) est une direction d’axe x ;

dans la direction d’empilement, une position la plus proche de la couche active (15) est représentée par la
position x = Xs, et une position la plus éloignée de la couche active (15) estreprésentée parla position x = Xe ;
et

dansladirection d’empilement, une position ayantle plus grand rapport de composition Al entre la position x =
Xs et la position x = Xe est représentée par la position x = Xm,

la couche barriére d’électrons (18) comporte une premiére région de diminution et une deuxiéme région de
diminution dans I'ordre a partir d’'un c6té de la couche active (15), la premiére région de diminution ayant un
rapport de composition Al qui diminue de fagon monotone dans une direction allant de la position x = Xm vers
la deuxiéme couche semi-conductrice (19), la deuxiéme région de diminution ayant un rapport de composi-
tion Al qui diminue de fagon monotone moins que dans la premiére région de diminution dans la direction
allant de la position x = Xm vers la deuxiéme couche semi-conductrice (19).

Elément électroluminescent a semi-conducteur selon la revendication 8,

dans lequel la premiére région a une épaisseur de film supérieure a 50 % et non supérieure a 80 % de I'épaisseur de
film de la couche barriére d’électrons (18), et le rapport de composition Al a la position x = (Xm + Xs)/2 est non
supérieur a 50 % du plus grand rapport de composition Al dans la couche barriére d’électrons (18).

Elément électroluminescent & semi-conducteur selon I'une quelconque des revendications 1 & 9, comprenant en
outre :

une couche intermédiaire (17) entre la couche barriére d’électrons (18) et la couche active (15), la couche
intermédiaire (17) comportant un semi-conducteur a base de nitrure ,

dans lequel la couche active (15) comporte InGaN, et

la couche intermédiaire (17) comporte GaN du deuxieme type de conductivité.

Elément électroluminescent & semi-conducteur selon 'une quelconque des revendications 1 & 10,

dans lequel I'élément électroluminescent & semi-conducteur est un élément laser a semi-conducteur ayant une
longueur de résonateur de 1500 um ou plus et une largeur de bande de 40 um ou plus et dans lequel I'élément laser a
semi-conducteur est configuré pour délivrer a 10 W ou plus.

12. Elément électroluminescent a semi-conducteur selon I'une quelconque des revendications 1 & 11,

dans lequel I'élément électroluminescent a semi-conducteur est un élément laser a semi-conducteur,

la deuxiéme couche semi-conductrice a une créte,

I'élément électroluminescent & semi-conducteur comprenant :

un film d’oxyde conducteur (33) sur la deuxieme couche semi-conductrice (19), le film d’oxyde conducteur (33)
étant un film disposé entre une couche de contact (20) sur la créte et une électrode de cbté p (32), la créte étant
formée sur la deuxieme couche semi-conductrice (19) de I'élément électroluminescent a semi-conducteur (100),
la couche de contact (20) étant une couche disposée au-dessus de la deuxiéme couche semi-conductrice (19) et
comportant un semi-conducteur a base de nitrure du deuxieme type de conductivité, I'électrode de cbté p (32)
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étant une couche conductrice disposée au-dessus de la couche de contact (20).
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