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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 inawavelengthband including450nmhavebeendesiredassemiconductor laser elementswhichareused 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 asmuch 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] In order to reduce 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 it isdifficult for electrons injected to theactive layer, evenwhen thermallyexcited, togobeyond theelectronbarrier
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] PTL3disclosesasemiconductor light emittingelement thatusesnitridesemiconductors, thesemiconductor 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 layer includes 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 Alx3Ga1-x3N (x2<x3< 1)
includingMg.The light emitting layer is providedbetween then-type semiconductor layer and the secondp-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 theAl composition ratio for the semiconductor
light emitting elements are disclosed. In an example, the Al composition ratio of the semiconductor light emitting element
changesgradually between thefirst layerand thesecond layer, between thesecond layerand thesecondp-side layer, and
between thesecondp-side layerand the thirdp-side layer. In theexample, theAl 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.
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SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0010] For example, a structure of the semiconductor light emitting element disclosed inPatent 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 anda band structure of the semiconductor light emitting element disclosed inPatent 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 semiconductor light emittingelement disclosed inPatent Literature2 is describedwith reference toFIG.
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 AlGaN, 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 bandbecause of the polarization field and change in band gapenergy, 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, although it is 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 whenWatt-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] Thepresent disclosurehasbeenmade tosolve theaboveproblem, andhasanobject toprovideasemiconductor
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
havinga small gradient to a linear changehavinga large gradient. In this case, themagnitudeof thepolarization charges is
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] For this reason, decrease in the band potential due to the influence of electrons occurred at the interface of the
electronbarrier layer at the sideof theactive layer is reduced, thepotential barrier against holes tobe formed in the valence
band becomes small, and the potential barrier against electrons to be formed in the conduction band increases.
[0020] This results in increase 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] Asa result, it is possible to implement a semiconductor light emitting elementwhich operates at a lower 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. 1A is a schematic cross-sectional diagram illustratinga schematic configuration of a semiconductor light emitting
element according to Embodiment 1.
FIG. 1B is a graph showinga conduction bandenergy distribution in a stacking direction of anactive 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. 3 is a schematic diagram illustratinga configurationof anelectron barrier layer of the semiconductor light emitting
element according to Embodiment 1.1, which is not in accordance with the present invention.
FIG. 4A is 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.4B isaschematicdiagram illustratingasecondexampleofabandgapenergydistribution in thestackingdirection
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. 5A is a schematic diagram illustratinga third exampleof abandgapenergydistribution in the stackingdirection 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. 5C is 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 isaschematic diagram illustratingasixthexampleofabandgapenergydistribution in thestackingdirectionof
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. 9 is a diagram indicating a simulation result of the semiconductor light emitting element according toComparison
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. 17A is 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
× 1017 cm‑3 to 1 × 1019 cm‑3.
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 diagramexplaining the shape of polarization charges in a composition ratio gradient region in a
third light guide layer of a semiconductor light emittingelementaccording toEmbodiment 2,which isnot inaccordance
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 × 1018 cm‑3, 1 × 1019 cm‑3, or 2 × 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 × 1018 cm‑3, 1 × 1019 cm‑3, or 2 × 1019 cm‑3.
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 × 1018 cm‑3, 1 × 1019cm‑3, or 2 × 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
dopedat the interfacebetween thebarrier layerandasecond light guide layer in thesemiconductorelementaccording
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
dopedat the interfacebetween thebarrier layerandasecond light guide layer in thesemiconductorelementaccording
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 accordancewith 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 diagram 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 describedwith reference to the drawings. It is
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 aremere 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. It is to be noted that the invention, as defined in independent claims 1, 7 and 8,
relatesonly to theembodimentshavinganelectronbarrier layer asdescribed in the context of FIGs. 5a‑5d, FIG. 6andFIG.
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] It is 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 thesameconstituentelementsareassignedwith thesamenumerical signs,andoverlappingdescriptionsare
omitted or simplified.
[0026] In addition, in this Specification, the terms "above" and "below" are used as termswhich 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 fromeach 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] Semiconductor lightemittingelement100according to thisembodiment isanitridesemiconductor laserelement.
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-sideelectrode31, andp-sideelectrode32.
[0030] First semiconductor layer 12 is a layer disposedaboveGaNsubstrate 11and includinganitride semiconductor of
a first conductivity type. In this embodiment, the first conductivity type is n-type. First semiconductor layer 12 includesann-
type AlGaN layer having a film thickness of 1.5 µm.
[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] Second light guide layer 14 is a layerwhich is disposedabove first light guide layer 13, includes InGaN, andhas 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
light guide layer 16, includesGaNof 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 barrier layer 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] Contact layer 20 is a layer disposed above second semiconductor layer 19 and including a nitride semiconductor
of the second conductivity type. In this embodiment, contact layer 20 includes p-typeGaN, and has a film thickness of 0.05
µm.
[0039] Current block 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 belowGaNsubstrate 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 µm. In addition, as illustrated in FIG. 1A, the distance between a ridge
lowermost portion and the active layer is denoted as dp.
[0043] Here, in this embodiment, in order to confine light in theperpendicular direction (normal directionof thesubstrate)
with respect to active layer 15, the Al composition ratio of first semiconductor layer 12 including an n-typeAlGaN layer and
second semiconductor layer 19 including ap-typeAlGaN layer is set to 0.035 (3.5%). As a result, a refractive 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 includingp-typeAlGaN increases the refractive indexdifferencebetween (i) active layer 15and (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 theAl composition ratio in eachof first semiconductor layer 12and second semiconductor
layer 19 including AlGaN 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
havingan In composition ratio of 0.16 (that is, 16%).Barrier layers 15a, 15c, and15ehaving film thicknessesof 7nm, 7nm,
and5nm, respectively, and includes InGaNhavingan In composition ratio of 0.04 (that is, 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 latticemismatchbetweeneachof thewell layersandGaNsubstrate11 is1.7%ormore, and thus increasing thefilm
thicknesses inevitably causes latticedefects.Decreasing thefilm 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] In addition, second light guide layer 14and third light guide layer 16are layers formed to include In soas tohavea
refractive index higher than those of first semiconductor layer 12 including n-typeAlGaNand second semiconductor layer
19 including p-typeAlGaN layer. In thisway, 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, a small 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 ratioof eachof second lightguide layer14and third light guide layer16 increases latticemismatcheswithGaN
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 a range
from0.03 (that is, 3%) to 0.06 (that is, 6%), inclusive. In this embodiment, forming second light guide layer 14and 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, comparedwith the case in which second light guide layer 14 is formed directly on first semiconductor
layer12 includingAlGaN, it is possible toprevent thebandstructure fromchanging toaspike-shapedbandstructuredue 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 themagnitude 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] In addition, excessively thick intermediate layer 17makes secondsemiconductor layer 19havinga low refractive
index apart fromactive layer 15,whichweakens light confinement effect in 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 SiO2 and having a film thickness of 0.1 µm is
formed on the side surface of the ridge. In this structure, current injected from contact layer 20 is confined only to the ridge
portionby current block layer 30, and thus the current is injecteddominantly on the region locatedbelow thebottomportion
of the ridge in active layer 15. In this way, population inversion state necessary for laser oscillation is produced by injecting
current of approximately several hundredmA. 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 toprecisely obtainΔNof10‑3 order suitable for a
high-output operation (ΔN denotes the difference in effective refractive index in the stacking direction inside and outside
the ridge). Furthermore, it is possible to precisely control the refractive index difference in the same10‑3 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 ΔN to be 4.8 × 10‑3.
[0053] Electron barrier layer 18 is formedon intermediate layer 17 including p-typeGaN, andhas aband gapenergy the
magnitude ofwhich is larger than that of second semiconductor layer 19 including p-typeAlGaN.Bymaking 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 AlGaN 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-typeAlGaN.Examples of theAl composition ratio of electron barrier layer 18
include 0.15 (that is, 15%).
[0055] In this embodiment, among layers directly on third light guide layer 16 including InGaN, the regionwhich doesnot
include Al is intermediate layer 17. Among the regions including Al above intermediate layer 17, the region below second
semiconductor layer 19 is electronbarrier layer 18. Inelectronbarrier layer 18, theAl composition ratiogradually 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,
theconfigurationof theelectronbarrier layeraccording toacomparisonexample isdescribedwith reference toFIG.2.FIG.
2 is a schematic diagram illustrating a configuration of electron barrier layer 18A of a semiconductor light emitting element
according toComparisonExample 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
ComparisonExample1 linearly increases fromactive layer 15 towarda secondsemiconductor 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
atomcomposition.Accordingly, the surfacedensity of polarization charges that aregenerated in each layer is the sumof (i)
the piezo polarization components due to the strain and (ii) the natural polarization components. Each of themagnitude 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 theamount of polarization charges tobe formed is constantwithin electronbarrier layer 18A
as illustrated in schematic diagram (c) in FIG. 2.
[0061] Positive polarization charges are formed in a regionwhich is in electron barrier layer 18A and at the side of active
layer 15, and negative polarization chargesare formed in a regionwhich is in electron barrier layer 18Aandat the interface
distant from active layer 15 among the interfaces of electron barrier layer 18A. As a result, as illustrated in schematic
diagram(c)ofFIG.2, opposite-polarity carriersare induced toboth interfacesofelectronbarrier layer18A inorder tosatisfy
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 ComparisonExample 1with 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
electronsgeneratedat oneof the interfacesof electron barrier layer 18A, specifically the interfaceat the sideof 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, it is possible to reduceapotential barrier to be formedat a valencebandagainst 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
first regionhavinga small Al composition ratio change rate andasecond region havinga largeAl 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
surfacedensity. Thus, as illustrated in schematic diagram (c) inFIG. 3, themagnitudeof 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, themagnitude 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
distant fromactive layer15among the interfacesofelectronbarrier layer18.Asa result, as illustrated inschematic 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 tooneof the interfacesof electronbarrier layer 18, specifically, the interfaceat the sideof active layer 15,
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the electron density is smaller than the one in ComparisonExample 1. Accordingly, as illustrated in schematic diagram (e)
in FIG. 3, the amount of decrease in potential at the interfacewhich is of electron barrier layer 18 and in contact with active
layer 15 reduces. In addition, theAl composition ratio andabandgapenergyof a regionwhich is in electron barrier layer 18
andat the sideof active layer 15are small. For this reason, the potential barrier formed in the valencebandagainst 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 (ΔEc in FIG. 3) of electron barrier layer 18
against electronsbecomes large.This increasesaneffect of reducing, inahigh-output operationatahigh 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
100whichoperateswitha loweroperation voltageandasmaller leakagecurrent, comparedwith 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 a long period of several thousands of hours evenwhenaWatt-class high-output operation is performedat a
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. 4Aand4Bareschematic diagrams respectively indicatingafirst exampleandasecondexampleof bandgapenergy
distributions in the stacking direction of electron barrier layer 18 of semiconductor light emitting element 100which are not
in accordance with the present invention.
[0071] FIG. 4A 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. 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 theAl composition ratio change rate larger than that of the
first region.
[0072] In any cases illustrated in FIGs. 4A and 4B, inmidpoint x = Xp between position x = Xs at the interface which is of
electron barrier layer 18 andat the active layer side andposition x=Xmatwhich 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=Xsand theAl composition ratio at position x=Xm.Furthermore, in the region fromposition 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.
4Aand4B.For this reason, theAl composition ratio change rateof the regionbetweenposition x=Xsandposition 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 theAl composition ratio changes at a second change rate in the stacking direction. In the first region and the second
region, theAl composition ratiomonotonically increases at the first change rate in the direction fromactive 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] In thisway, it is possible to reduce the influenceof themagnitudeofpolarizationchargesontooneof 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 theAl composition ratio distribution indicated by the dotted line in eachof FIGs. 4Aand4B.As
a result, a decrease in potential of thebandstructureat the interfaceof electronbarrier layer 18at the sideof active layer 15
becomes smaller thanadecrease in potential in the structure indicated by thedotted line,which increases potential barrier
ΔEc. 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. 5A 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, 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 decreaseswith closeness from the position at which theAl composition ratio is largest toward second semiconductor
layer 19.A first decrease regionhavinga largeAl composition ratio decrease rate andaseconddecrease regionhavingan
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, a first decrease regionhavinga largeAl composition ratio change rate, andaseconddecrease regionhavinganAl
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 fromposition x=Xs toposition x=Xm, themagnitudeof the
Al composition ratio in electron barrier layer 18 is smaller than or equal to themagnitude of a range below a dotted line that
connects theAl composition ratioat position x=Xsand theAl composition ratio at position x=Xm ineachofFIGs. 5A to5D.
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] In thisway, in this embodiment, it is possible to reduce the influenceof themagnitudeof polarization chargesonto
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 thebandstructureat the interfaceofelectronbarrier layer 18at thesideof active layer15becomessmaller than
the decrease obtainable by the structure indicated by the dotted line, which increases potential barrier ΔEc. 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; andaseconddecrease region inwhich theAl composition ratio decreasesmonotonically 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] In addition, 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 AlGaN 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 towardactive layer15 inavalencebandstructure,which inhibits conductionof theholes.This increasesanoperation
voltage. For this reason, it is excellent that a total of film thicknesses of the second decrease region and the first decrease
regionwhicharedecrease regionswhere theAl composition ratio decreases in thedirectionof filmgrowth is small asmuch
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] In any cases illustrated in FIGs. 5A to 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
constant is formed. The region is formedwith consideration of variation inAl composition ratio in the samewafer 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, it is 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 ΔE. 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 constantAl composition ratio is, for example, 2 nmor less. In addition, the film thicknessof the regionhaving 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 isdescribedabove, a case inwhichanAl composition ratiodistribution is representedby 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 themain surfaceofGaNsubstrate 11 is assumed to bean x-axis direction. FIG. 6 includes diagramseach
illustratingoneexampleofanAl composition ratiodistribution in thestackingdirectionofelectronbarrier layer18according
to the present invention. In FIG. 6, graph (a) is a graph showing function f(x) indicating an Al composition ratio distribution.
InFIG. 6, graphs (b) and (c) aregraphsshowingfirst derivative f’(x) andsecondderivative f"(x) of function f(x), respectively.
[0090] As illustrated 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
(that is, a downward convex shape) in the region between position x =Xs and position x =Xmas shown in graph (a) in FIG.
6.
[0091] In addition, as shown in graph (c) in FIG. 6, second derivative f"(x) reaches a local maximum at position x = X1 in
thefirst concave region.Becauseof this, positionx=X1atwhich thechange rate inAl composition ratio reaches the largest
is present in thefirst concave region, and thechange rate in theAl composition ratio is to increasegradually ina 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, it is possible to reduce the magnitude of polarization charges in the near-interface region at the side of active layer
15.For this reason, asdescribedabove, it is possible to reduce theconcentrationof electronspresent at the interfaceat 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 ΔEc.
[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] As a result, it is 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] In addition, as shown ingraph (a) inFIG. 6, electron barrier layer 18 includesa first convex region inwhich 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) showsa configuration inwhich the first convex regionwhich is anupward 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, themagnitudeof thepolarization charges is smaller in thenear-
interface region which is of electron barrier layer 18 and at the side of active layer 15, than a near-interface regionwhich 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
sideof active layer15 is reduced, it is possible to reduce the concentrationof electronspresent at the interfaceat the sideof
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 bandof electron barrier layer 18. As a result, it is possible to reduce anoperation voltage required for
the element and increase potential barrier ΔEc.
[0099] In addition, since theAl composition ratio distribution shapeof the first convex region is anupward 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-planeAl composition ratio of wafer surfaces at the time ofmanufacturing of semiconductor
light emitting elements 100. For this reason, it is possible to obtain an element with a high reproducibility, large potential
barrier ΔEc, 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; andaseconddecrease region inwhich theAl composition ratio decreasesmonotonically less than in the first decrease
region in thedirection fromposition x=Xmtowardsecondsemiconductor layer19. Inotherwords, theabsolute valueof the
change rate of theAl 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, it is excellent that the total of film thicknesses of the second decrease region and the first decrease
region is small asmuch as possible. In this embodiment, the total film thickness is, for example, 4 nmor less. The total film
thickness may be 2 nm or less.
[0103] In addition, as shown in graph (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] In this case, it is possible to reduce themagnitude 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 theAl 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
configurationof theelectronbarrier layer having theAl composition ratio representedbyg(x) in the regionbetweenposition
x=Xsandposition x=Xt, which increases potential barrierΔEc. Furthermore, since it is possible to reducea 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
present invention. In FIG. 7, graph (a) is a graphshowing function f(x) indicatinganAl composition ratio distribution. InFIG.
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 representedbya concave shape (that is, a downward convexshape) 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
representedbyposition x=X1. In a region that satisfiesXs≤ x<X1 regardingposition x, electronbarrier layer 18 includesa
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] In this case, a regionhavinganAl composition ratio increase rate higher than that of the first concave regionanda
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] WhenanAl 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] In this 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] In addition, as shown in graphs (a) to (c) in FIG. 7, electron barrier layer 18 includes, in a region, 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)
andasecondconvex regionhavinganupwardconvexshapeat the interface in thevicinity of active layer15, it is possible to
increase anAl composition ratio increase rate at an initial formation stage of electron barrier layer 18 comparedwith 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, a first concave regionhavingaconcave shape is formedat thesideof secondsemiconductor layer 19 in the
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 highAl composition ratio increase rate is formed, and thus it is possible
to locate the region in which many polarization charges are to occur away from the active layer 15 side.
[0116] In addition, a first 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] In this 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 viewof this, it is possible to reducevariation in largest in-planeAl composition ratio ofwafer surfacesat the
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 ΔEc, 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 tobe functionh(x).Atpositionx that satisfiesXu<x<Xv, function f(x), functionh(x), andfirst derivative f’(x) satisfy
the relationship h(x) > f(x) and f’(x) > 0.
[0119] In this case, the Al composition ratio which is determined by f(x) is smaller in value than Al composition ratios in 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] As a result, it is 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, thepotential of thebandstructureat the interfaceofelectronbarrier layer18at thesideof active layer15 is reduced
less than thepotential in the configuration havinganAl composition ratio betweenposition x=Xuandposition x=Xvwhich
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 theAl composition ratiodecreasesmonotonically inadirection fromposition x=Xm towardasecondsemiconductor
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, theAl composition ratio is higher than an
averageAl 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, it is excellent that the total of film thicknesses of the second decrease region and the first decrease
region is small asmuch as possible. In this embodiment, the total film thickness is, for example, 4 nmor less. The total film
thickness may be 2 nm or less.
[0126] In addition, in theAl composition ratio distribution shapeof electron barrier layer 18 shown inFIGs. 6 and7, f"(x) >
0 and f’(x) > 0 are satisfied at position x = (Xs + Xm)/2.
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[0127] In thisway, at themidpoint betweenposition x=Xsandposition x=Xm, f(x) is an increasing functionof 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 ΔEc. 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] In this case, it is possible to place the region inwhichmany 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] For this 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 ΔEc. Furthermore, since it is 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] In addition,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 ΔEc enables reduction in electron leakage to the second semiconductor layer. The
largest Al composition ratiomay be, for example, 0.2 ormore, or 0.3 ormore. In this way, an increase in the Al composition
ratio increases thedifferencebetween theenergyof anMgacceptor level and theenergyof anAlGaNvalenceband,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× 1019 cm‑3 or more to increase the concentration of the acceptor to be activated.
However, when theMgdoping concentration is increased excessively to 3× 1019 cm‑3 ormore, 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, theMgdoping concentrationmaybe less than3×1019 cm‑3.
[0133] In semiconductor light emitting element 100 according to this embodiment, electron barrier layer 18 is subjected
to Mg doping from 1 × 1019 cm‑3 to 2 × 1019 cm‑3, inclusive.
[0134] In addition, anactivation rate ofMgasanacceptor is high in the regionhavinga comparatively lowAl composition
ratio and located between position x =Xs and position x = (Xs +Xm)/2, and thus it is also excellent to set the concentration
ofMg tobedoped to1×1019 cm‑3 and to increase the concentrationofMg tobedoped toacomparatively highvalueof 2×
1019 cm‑3. In this way, it is possible to reduce decrease in crystallizability in electron barrier layer 18 due to increase in Mg
concentration.
[0135] In addition, 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 ΔEc, 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] In comparison, electronbarrier layer 18havinga curvedAl composition ratio distribution shown ineachof 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] In this way, in electron barrier layer 18 having the curved Al composition ratio distribution shown in FIGs. 6 and 7,
thefirst regionshown inFIGs.4Aand4Bcorresponds to the regioncloser toactive layer15with respect topositionx=X1at
which the largest Al composition ratio change rate (f"(x)) is reached in the first concave region.
[0139] Accordingly,when thefirst regionhasafilm thickness larger than50%andno larger than80%of thefilm thickness
of electronbarrier layer18, and thefirst regionhas, at positionx= (Xm+Xs)/2, anAl composition ratio of no larger than50%
of the largest Al composition ratio in electron barrier layer 18 having the curved Al composition ratio distribution shown in
FIGs. 6 and 7, it is possible to reduce leakage currents, increase potential barrier ΔEc, and reduce leakage currents at the
same time.
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[0140] Asdescribed above, in this embodiment, theAl composition ratio changes continuously in the region inwhich 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 inminor stepswith time. In this case, it is to be noted that, evenwhen the Al supply amount
has been changed linearly with time, theAl composition ratio distributionmay 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. 8 is 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 100according 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] In each of 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
eachofFIGs.8 to12,graph (e) indicates theconductionbandstructureandelectronFermienergydistribution in thevicinity
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 regionhaving a film thickness of 5 nmanda second region havinga film
thicknessof 2 nm. In the first region, theAl composition ratio is increased linearly from0 to 0.15with 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] Asshown ingraph (b) inFIG.8, positivepolarizationchargesof1×1019cm‑3aregenerated ina region inelectron
barrier layer 18, specifically the region at the side of active layer 15, and positive polarization charges of 1× 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 showsonly positive polarization charges. Theamount of polarization charges corresponds to1%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× 10‑2 C/m2 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× 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 × 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] As shown in graph (c) in FIG. 8, electrons having a concentration of 1× 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 ‑0.2MV/cm. As a result,
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
ΔEcagainst electronsand increase inpotential barrierΔEvagainst holesare reduced. In the configuration shown inFIG. 8,
potential barrier ΔEc is 0.77 eV, and potential barrier ΔEv 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 ΔEc against electrons
becomes larger and potential barrier ΔEv 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
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elementaccording toComparisonExample2differs from thesemiconductor light emittingelement in thisembodimentonly
in configuration of electron barrier layer 18B. Electron barrier layer 18B according to Comparison Example 2 has a film
thickness of 7 nm. TheAl composition ratio is increased from0 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
increasedso that an increase rate of theAl composition ratio is gradually decreased. In otherwords, the graphshowing the
Al composition ratio distribution has not a linear-line shape but an upward convex shape.
[0148] As illustrated in graph (b) in FIG. 9, positive polarization electrodes of 5× 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 100according to this embodiment shown in FIG. 8. In addition, not-shownnegative polarization electrodes of ‑5.3
× 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 electron is 1.6× 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 × 1022 cm‑3 are generated.
[0149] Graph (c) in FIG. 9 shows that electrons having a concentration of 1× 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 15 is ‑0.9 MV/cm, and the absolute value is approximately
4.5 timesof thevalueobtainable in thecaseshown ingraph (c) inFIG.8.Asa result, as shown ingraphs (e) and (f) inFIG.8,
decreases in thepotentials of the conduction bandand the valence bandat the interfaceof electron barrier layer 18Bat the
side of active layer 15 become large compared to the results shown in FIG. 8. With this, potential barrier ΔEc against
electrons decreases, and potential barrier ΔEv against holes increases. In the configuration shown in FIG. 9, potential
barrier ΔEc against electrons is 0.68 eV, and potential barrier ΔEv against holes is 0.28 eV.
[0150] FIG.10shows thesimulation results in thecasewhereelectronbarrier layer18hasafilm thicknessof7nm. In this
simulation, in the regionhavingafilm thicknessof 5nmwhich is inelectronbarrier layer18andat the sideof active layer15,
theAl composition ratio is increasedgradually (linearly) from0 to0.15withadvancement from theactive layer15side 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 theactive 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] As shown in graph (b) in FIG. 10, a region 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× 1019 cm‑3 to 1× 1019 cm‑3 with increase in distance from active layer 15. Graph (b) in FIG. 10
showsonly positive polarization charges. In addition, not-shownnegative polarization charges having a surface density of
‑5.3× 10‑2 C/m2 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× 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 AlGaN, it is considered that negative polarization
electrodes corresponding to an electron concentration of approximately 1 × 1022 cm‑3 are generated.
[0152] Asshown in graph (c) in FIG. 10, electrons having a concentration of 1×1017 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 ΔEc against electrons increases and potential barrier ΔEv against holes decreases. In the configuration shown in
FIG. 10, potential barrier ΔEc against electrons is 0.77 eV, and potential barrier ΔEv 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] In the 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 layer19sideand thengradually decreases. Inotherwords, theAl composition ratiodecrease regionhasan
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] As shown in graph (b) in FIG. 11, a region 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× 1019 cm‑3 to 1× 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× 1020 cm‑3 are formed in anAl composition ratio decrease regionwhich is in electron barrier layer 18 and at
the side of second semiconductor layer 19.
[0156] As shown in graph (c) in FIG. 11, electrons having a concentration of 1× 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 ΔEv against holes.
[0158] As shown in graphs (e) and (f) in FIG. 11, the potentials of the conduction band and the valence band of electron
barrier layer 18at the sideof active layer 15arealsodecreasedcompared to thoseobtainable in the configuration shown in
FIG. 10. For this reason, potential barrier ΔEc against electrons decreases, and potential barrier ΔEv against holes
increases. In the configuration shown in FIG. 11, potential barrier ΔEc against electrons is 0.68 eV, and potential barrier
ΔEv against holes is 0.28 eV.
[0159] Potential barrier ΔEv against holes increases by approximately 0.05 eV compared to potential barrier ΔEv
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, it is 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 nm in electron barrier layer 18Cat the active layer 15 sidewith an advancement from the active layer 15 side
to the second semiconductor layer 19 side in electron barrier layer 18C. In theAl composition ratio decrease region having
afilm thicknessof2nm inelectronbarrier layer18Cat thesideof secondsemiconductor layer19, theAl composition ratio is
decreased to beequal to theAl composition ratio of secondsemiconductor layer 19with advancement fromactive 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 regionwhich has an upward convex shape in anAl composition ratio distribution and at the side
of second semiconductor layer 19.
[0162] As shown in graph (b) in FIG. 12, positive polarization charges of 2× 1019 cm‑3 are present in a region in electron
barrier layer 18Cat the activation layer side.Graph (b) inFIG. 12 showsonly positive polarization charges. In addition, not-
shown negative polarization charges approximately corresponding to 2× 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] Asshown in graph (c) in FIG. 12, electrons having a concentration of 2×1017 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 canbe reducedmore in the caseof theAl composition ratio distribution
having a concave shape as in the configuration shown in FIG. 11.
[0165] As shown in graphs (e) and (f) in FIG. 12, the potentials of the conduction band and the valence band of electron
barrier layer 18Cat the sideof active layer 15are also decreased compared to thoseobtainable in the configuration shown
in FIG. 11. For this reason, potential barrier ΔEc against electrons decreases, and potential barrier ΔEv against holes
increases. In the configuration shown in FIG. 12, potential barrier ΔEc against electrons is 0.66 eV, and potential barrier
ΔEv 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

EP 3 780 302 B9

5

10

15

20

25

30

35

40

45

50

55



according to this embodiment and (ii) an operation voltage of semiconductor light emitting element 100 and potential
barrierΔEcagainst electrons is describedwith reference toFIGs. 13 to 15. FIG. 13 is a schematic diagram illustrating anAl
composition ratiodistributionshapeof theelectronbarrier layerused in thesimulation.FIGs.14and15aregraphsshowing
simulation results in the case where the electron barrier layer has a film thickness of 5 nm and 15 nm, respectively.
[0167] In the simulations in each of the caseswhere the electron barrier layer has the film thickness of 5 nmor 15 nm, an
Al composition ratio largest value in the electron barrier layer, an Al composition ratio largest value in a first 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 ΔEc 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 300mA, and each of graphs (f) to (j) shows the
calculation results of dependencies of potential barriers ΔEc against electrons with respect to the film thicknesses of the
first region in operations at a current of 300mA. Each of graphs (a) and (f) shows the calculation results in a corresponding
oneof cases in eachofwhich the largest Al composition ratio is 0.15and the largestAl composition ratio in the first region is
0.05, 0.1, or 0.15.Eachof graphs (b) and (g) shows thecalculation results in a correspondingoneof cases in eachofwhich
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 thecalculation results in a correspondingoneof cases in eachofwhich the largestAl 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 thecalculation results inacorrespondingoneof cases ineachofwhich the largestAl composition ratio is0.3and 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] In each graph, white-circle points represent the film thicknesses of the first region when the Al composition ratio
distributionhasa "linear-line shape"whichdefines theboundarybetween the regionhaving the concaveshape (that is, the
downwardconvexshape)and the regionhaving theconvexshape (that is, theupwardconvexshape) in theAl 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] In eachgraph inFIG. 15, eachwhite-circle point represents the film thickness of the first regionhaving the "linear-
line shape" as in each graph in FIG. 14.
[0173] As illustrated 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 largestAl composition ratio in theelectronbarrier layer is ina range from0.15 to0.35, inclusive, and the largestAl
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 sameas 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
thicknessof the first region becomescloser to the film thicknessof the electronbarrier layer, the film thicknessof the region
havinga largebandgapenergy in theelectronbarrier layer becomes thin. For this reason, due to the influenceof quantum-
mechanical tunnel effects, potential barrierΔEcagainst electronsbecomescloser to the valueofΔEc in the casewhere the
largest Al composition ratio of the electron barrier layer is the largest Al composition ratio of the first region.
[0175] As illustrated ingraphs (f) to (g) ineachofFIGs. 14and15, decrease inpotential barrierΔEcagainst electronscan
be reducedwhen 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] The results in FIGs. 14and15 show that it is possible to reduce theoperation voltage below the operation voltage
in the caseof the linear-line shapeand to reducedecrease in potential barrierΔEccausedby reduction in the film thickness
of the highAl 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 2nmor 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 ofMg at high concentration, and increasing the film thickness of the electron barrier layer increases a
waveguide loss.
[0179] Accordingly, there is aneed to formanelectron barrier layer havinga film thickness in a range from3nm to20nm,
inclusive.
[0180] In addition, it is also excellent that an electron barrier layer having a film thickness in a range from 5 nm to 15 nm,
inclusive, is formed, the largestAl 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] In this embodiment, increase in temperature characteristics and reduction in operation voltage are balanced by
configuring theelectron barrier layer havinga film thicknessof 7 nm, the first region havinga film thicknessof 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 describedwith reference toFIG. 16. FIG. 16 is a schematic diagram illustratingan impurity
doping profile in second semiconductor layer 19 of semiconductor light emitting element 100 according to this embodi-
ment.
[0183] Asshown in FIG. 16, second semiconductor layer 19 is formedabove electron barrier layer 18 having an impurity
concentration of P1 (= 1 × 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, a resistance 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 × 1018 cm‑3. In
addition,P4shown inFIG. 16denotes the concentrationof p-type impurity includingMg incontact layer20 includingp-type
GaN. Here, the concentration is 1 × 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× 1018 cm‑3 to 1× 1019 cm‑3. In addition, each of FIGs. 17A and 17B shows the calculation results of the
impurity concentrationdependencies in thecasewherefilm thicknessesP2of low impurity concentration region19aare50
nm, 170 nm, 270 nm, and 370 nm.
[0187] As illustrated inFIG. 17A, anoperation voltage increasesabruptlywhen the concentrationofMgwhich is ap-type
impurity decreases to 1.5 × 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] In view of this, in this embodiment, reduction in operation voltage and reduction in waveguide loss are achieved
byconfiguring low impurity concentration region19ahavingafilm thicknessof170nmandanMgdopingconcentrationof 2
× 1018 cm‑3.With thisMg doping profile, it is possible to reduce increase in operation voltage in an operation at 300mA to
0.1 Vand reduce thewaveguide loss from7 cm‑1 to 4 cm‑1 which corresponds to the half of thewaveguide loss obtainable
in the case where impurity doping in second semiconductor layer 19 is constant at 1 × 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
Femi levels in the casewhere the impurity doping concentration of low impurity concentration region 19a according to this
embodiment is changed from 1 × 1017 cm‑3 to 1 × 1019 cm‑3. Here, the Mg doping concentration of high impurity
concentration region 19b of second semiconductor layer 19 is 1 × 1019 cm‑3.
[0191] As known from FIG. 18, decreasing the Mg doping concentration of low impurity concentration region 19a
increases thegradient of the valencebandstructure, andholesareacceleratedby theelectric field andobtain highenergy.
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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× 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 × 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× 1018 cm‑3 to 2× 1018 cm‑3, inclusive, in order to prevent increase in waveguide
lossandoperation voltageand reduceoccurrenceof high-energyholesdue to thegradient of thevalencebandstructure in
low impurity concentration region 19a in holes.
[0195] Considering the results shown in FIGs. 17A and 17B together with the result in 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 × 1018 cm‑3 to 2 × 1018 cm‑3,
inclusive. In thisway, it is possible to increaseoperation characteristics at ahigh temperatureand reduceoperation 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 inafirst regionhavingafilm thicknessof4nmat theactive layerside increases linearly from0 to0.15,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, theAl composition ratio is constant at 0.35which is the largest value.Shapec isa shape inwhich
the Al composition ratio in the electron barrier layer having a film thickness of 7 nm is constant at 0.35.
[0197] In FIG. 19: graph (a) shows current - light output characteristics at 25 degrees Celsius; graph (b) shows current -
voltage characteristics at 25 degreesCelsius; graph (c) shows current - light output characteristics at 85 degreesCelsius;
and graph (d) shows current - voltage characteristics at 85 degrees Celsius.
[0198] As known fromFIG. 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] In this embodiment: theAl composition ratio distribution shape inwhich theAl composition ratio is increased from
0 to 0.15 in the region having the film thicknessof 4 nm is employed in the first region of the electron barrier layer; and theAl
composition ratio distribution shape inwhich theAl composition ratio is increased from0.15 to 0.35 in the regionhaving 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 • K and AlN 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
junctiondown, examples of heat resistance reducingmethods include:mounting the semiconductor light emitting element
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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 10Wormore,
thesemiconductor laserelementmaybeconfigured tohaveastripe lengthof40µmormoreandhavea resonator lengthof
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 not in accordancewith
the present invention. The semiconductor light emitting element according to this embodiment is different from semi-
conductor light emitting element 100 according toEmbodiment 1 in (i) an impurity doping configuration in a third light guide
layer and (ii) a barrier layerwhich is in anactive layer and at a secondoptical 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 describedmainly focusing on differences from semiconductor light emitting element 100
according to Embodiment 1.

[2‑1. Overall configuration]

[0204] Asdescribedabove, thesemiconductor light emittingelement according to thisembodiment hasa 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 15a in
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 gradient region 16a is disposed in a regionwhich is in third light guide layer 16andat the sideof
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 forexplaining formationof polarizationcharges in composition ratiogradient region16a in third light guide layer16
in the semiconductor light emittingelement according to this embodiment. InFIG.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 16a in
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 uniformMg 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 theconductionbandstructure in thenear-interface regionof composition ratiogradient region16a
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 toComparisonExample 4 shown in FIG. 21 is different from the semiconductor light emitting element according
to thisembodiment in that third light guide layer 16doesnot includeacomposition ratiogradient region, and thesame in the
otherpoints. InFIG.21, schematicdiagram(a) schematically shows thebandstructure (that is, bandgapenergy)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
anMg doping profile of a near-interface region of composition ratio gradient region 16awhich 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
uniformdistribution, in the regionwhich 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 16does not have composition ratio gradient region 16a, as shown inFIG. 21, positive
polarization charges are formed at the interface between intermediate layer 17 and third light guide layer 16. For this
reason, the shapeof the band structure is changed to satisfy anelectrical neutrality condition, and electronsare 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] In comparison, 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] In addition, as shown in schematic diagram (d) inFIG. 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 reduceoccurrenceof free carrier losses incurredby 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 providedbycomposition ratio gradient region16aaredescribedwith reference toFIGs. 22A to22C.
FIGs. 22A, 22B, and 22Care graphs showingMgdoping region length dependencieswith respect to operation voltages of
semiconductor light emitting element according to this embodiment in the case where Mg doping concentrations are 5×
1018 cm‑3, 1×1019 cm‑3, and2×1019 cm‑3, respectively. Eachdiagramshows 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 theMgdoping region length in the casewhere 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
lengthbecomes longer, but excessively increasing theMgdoping region length increaseswaveguide losses.When theMg
dopingconcentration is5×1018 cm‑3, it is possible toobtainanoperationvoltage reductioneffect as longas theMgdoping
region length is approximately 10 nm. When the Mg doping concentration is 1 × 1019 cm‑3, it is possible to obtain an
operation voltage reduction effect as long as the Mg doping region length is approximately 5 nm.
[0216] When theMg doping concentration is 2× 1019 cm‑3, it is 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] Mgdoping 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 15a in active layer 15 according to this
embodiment.
[0221] Thesemiconductor light emittingelementaccording to thisembodiment includesann-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 chargeswhich are generated at the interface between second light guide
layer14andbarrier layer15aand reduces thepotential of thevalenceband inbarrier layer15amakes it possible touniform
theshapeof thevalencebandstructure inwell layer15d. In thisway, it is possible to increase theuniformityof theshapeofa
quantumwave function to be formed in two layerswhich arewell layer 15b andwell 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 dopingaccording to this embodiment is describedwith reference toFIG. 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 chargesperunit volume tobe formedat the interfacebetween the layers inactive layer15.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 casewhere 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] As illustrated 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 15a in 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] As illustrated ingraph (b) inFIG.24, increasing theconcentrationofSi tobedoped inbarrier layer15a 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 14makes it possible to prevent or reduce expansion of a holewave 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, it is possible to reduce hole overflows inwhich 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× 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.
[0229] FIG. 25 includesgraphs indicatinga conductionbandstructureandavalencebandstructure in the casewhereSi
is dopedat the interfacebetweenbarrier layer15aandsecond light guide layer14 inasemiconductorelementaccording 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, Si is doped in a region within±5 nm from the interface between barrier layer 15a and second
light guide layer 14.
[0230] As shown in graph (b) in FIG. 25, increasing concentration of Si to be doped at the interface between barrier layer
15aand second light guide layer 14 reduces thepotential of the valencebandstructure in barrier layer 15a,which uniforms
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theshapesof thevalencebandstructuresofwell layer15bandwell layer15d. Inaddition, increase in thepotential barrier of
the valence bandwhich is in barrier layer 15a and at the side of second light guide layer 14makes it possible to prevent or
reduceexpansionofaholewave function to thesecond light guide layer14side. In thisway, thecrosscorrelationsbetween
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 result in graph (b) inFIG. 25 shows that, in the caseof 5×1018 cm‑3 ormore, thepotential barrier of the
valence band increases, and it is possible to sufficiently increase the uniformity of the valence band structures ofwell layer
15b and well layer 15d.

Embodiment 3

[0233] A semiconductor light emitting element according to Embodiment 3 is described, which is not in accordancewith
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] In the semiconductor light emitting element according to this embodiment, each of barrier layer 15a, barrier layer
15c, and barrier layer 15e includes not InGaN having an In composition ratio of 0.04 but GaN without In.
[0235] Formingeachbarrier layer to includeGaNwithout Inmakes it possible to enlarge thevalencebandbarrier in 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
andbarrier layer 15a. Furthermore, holes are generated due to negative polarization charges.Accordingly, the potential of
the interface increases. For this reason, compensating negative polarization chargeswhich 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] In this 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 dopingaccording to this embodiment is describedwith reference toFIG. 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 chargesperunit volume tobe formedat the interfacebetween the layers inactive layer15.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 casewhere 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] As illustrated 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 Si is doped in
barrier layer 15a in 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] As illustrated 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 14makes it possible to prevent or reduce expansion of a holewave 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, it is possible to reduce hole overflows inwhich 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 Si doped in barrier layer 15abecomes large. As known from the results shown in graph (b) in FIG.
27, when concentration of Si to be doped is at 5× 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.28 includesgraphs indicatingaconductionbandstructureandavalencebandstructure in thecasewhereSi
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] As shown in graph (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 theshapesof thevalencebandstructuresofwell layer15bandwell layer15d. Inaddition, increase in thepotential
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 Si is doped in barrier layer 15a because the
band gap energy in barrier layer 15a is 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× 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.
[0247] EachofEmbodiments 2and3describes the result of dopingan impurity in at least oneof (i) the interfacebetween
barrier layer 15a and second light guide layer 14 and (ii) barrier layer 15a.However, doping an impurity in the bothmakes 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 not in accordancewith
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 gapenergy 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] As illustrated 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 regionwithin±5nm from the interface between first semiconductor layer 12 and first light guide layer 13
and the regionwithin±5nm from the interfacebetween first light guide layer 13and second light guide layer 14at 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 Si in a region in which doping at a relatively high concentration has not been
performed is assumed to be N1 (= 1 × 1018 cm‑3).
[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 inwhich high-concentration dopinghasbeenperformedare narrow, it is possible to
reducewaveguide losses.Asa result, it is possible toachieve further reduction inoperationvoltagewhilemaintaininga low
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 Si of 1× 1018 cm‑1, 5× 1018 cm‑1, and 1× 1019 cm‑1 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× 1018 cm‑1, increasing the Al composition ratio of first
semiconductor layer12 includingn-typeAlGaN to0.04ormore increases theoperationvoltage.When theconcentrationof
Si doped at the interface is 5× 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× 1018 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 × 1018 cm‑1 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] Whenholes at the interfacesof then-type layer changes the shapeof theband,manyelectronsarepresent at the
n-type region, and thusAuger no-light-emission recombination betweenelectronsandholesbecomesmore 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 thehetero interfacesat high concentration. Inaddition, it is only necessary that concentrationsN2andN3are5×
1018 cm‑1 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 × 1018 cm‑3 or more, and that the concentration of the
impurity doped in the region other than the hetero interfacemay decrease. In this case, the widths of regions including the
impurity at a high concentration are equally narrowed. This reduces free carrier losses, which reduceswaveguide 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 thepoint of includinga configuration for further reducingwaveguide 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, evenwhen forming a
ridge shown inFIG. 31 to haveaheight of 0.45pmor less, it is possible to reduceabsorption losseswhicharegeneratedby
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leakage of light to p-side electrode 32. Since the p-typeAlGaN layer that forms the ridge has a refractive index higher than
the refractive indexofn-typeAlGaN, reducing the ridgeheightH (thefilm thicknessof secondsemiconductor layer19 in the
ridge part) is effective to reduce series resistance in semiconductor light emitting element 500.
[0263] In semiconductor light emittingelement 500according to this embodiment, an ITO layer havingafilm thicknessof
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 caseswhere 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 ΔN (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 ΔN between the effective refractive indices inside the ridge and the effective refractive indices
outside the ridgearedifferencesbetweeneffective refractive indices in the light distributions in thestackingdirection inside
the ridge and effective refractive indices in the light distributions in the stacking direction outside the ridge. When ΔN 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 ΔN 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 transversemode having the lowest order is 0th 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 ΔN 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 ΔN. 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 differenceΔN is 3×10‑3 ormore. As long as effective refractive index differenceΔN is 1×
10‑4 or more when ridge width W is 40 pm or more, laser oscillation occurs stably in the high-order horizontal transverse
modesof second-order fromat least thebasic transversemode,which reducesoccurrenceof kinks.When ridgewidthW is
50 pmormore, the order of the horizontal transversemode inwhich light waves can be guided in the ridge stripe increases
abruptly. When effective refractive index difference ΔN 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, an ITO film as conductive oxide film 33 is formed between contact layer 20 and p-side electrode 32 on the
ridge. In this case, as illustrated in FIG. 32, in order to achieve effective refractive index differenceΔNof 1×10‑4 ormore in
ridgeheightH ina range from0.25pmto0.65pm, inclusive, it is onlynecessary to formsecond light guide layer14and third
light guide layer 16 having a total thickness of 0.45 pm or less. In addition, in order to achieve effective refractive index
differenceΔNof 3×10‑3 ormore in ridge heightH in a range from0.25 pm to0.65 pm, inclusive, it is 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 widthW 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, it is 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-
sideelectrode32on the ridgedoesnot increasewaveguide lossesevenwhen theheight of the ridge is reduced to0.25µm.
[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 a range from0.25pm to 0.45pm, inclusive, because it is possible to reduce series resistanceof the
semiconductor light emitting element.
[0271] Semiconductor light emittingelement500according to thisembodiment isobtainedby 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‑1. In semiconductor light emitting element 500, effective refractive index
difference ΔN is approximately as small as 1 × 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 thicknessof 0.25pm, is capableof achievingwaveguides inwhich lossesare reducedsignificantly to1.8 cm‑1 and
2 cm‑1 or less. Also in this configuration, effective refractive index differenceΔN is approximately as small as 1× 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 lossesare reduced to3 cm‑1 or lesswhen ridgeheightH is in a range from0.25pm to 0.65pmand 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
thicknessof second light guide layer 14and third light guide layer 16 is 0.39pmormore, thewaveguide lossesare reduced
to 2 cm‑1 or less.When ridge widthW is 50 pmormore, kinks are less likely to occur although effective refractive indexΔN
becomessmall.When the total film thicknessof thesecond light guide layerand the third light guide layer is 0.5pmormore,
it is possible to achieve a waveguide that provides a super low loss of 1.5 cm‑1 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‑1 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
heightH is in a range from0.45 pm to 0.65 pm, inclusive. In addition, thewaveguide loss is 3 cm‑1 or lesswhen the total film
thicknessof second light guide layer14and third light guide layer16 is0.36pmormore, and thewaveguide loss is2cm‑1or
lesswhen the total film thickness of second light guide layer 14 and third light guide layer 16 is 0.4 pmormore.When ridge
width W is 50 pm or more, kinks are less likely to occur although effective refractive index ΔN becomes small. When the
total film thickness of second light guide layer 14 and third light guide layer 16 is 0.5 pm ormore, it is possible to achieve a
waveguide that provides a super low loss of 1.5 cm‑1 or less.
[0275] In addition, 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 pmormore; thewaveguide
loss is 4 cm‑1 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, formingconductiveoxidefilm33 including ITOon the ridge reducesexpansionofa light distributionon
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, it is 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
eitherann-type layeror ap-type layereachhavingahighelectronconcentrationorahighhole 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 14and third light guide layer16. Inorder to reduce the influenceof polarization charges, it is only necessary that
doping is performedonly in thenear-interface regionatwhich polarization chargesoccur. It is better not to dopean 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 14and third light guide layer 16are rather small in the caseof skipping doping in the
other regionand thus free carrier losses incurredby light distributed in second light guide layer 14and third light guide layer
16 become small.
[0278] However, doping of the impurity reduces the differenceΔNbetween 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 casewhereeffective refractive index differenceΔNbecomes3×10‑3 or lesswhen ridgewidthW is 30pmor 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] In view of this, in order to increase effective refractive index difference ΔN 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 ΔN.
[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 ridgewhich 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] At this 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 14 is 1× 1018 cm‑1, an operation voltage increases when the Al composition ratio in first semiconductor layer
12 is increased to 0.04ormore. In the opposite casewhere the concentration of Si dopedat each interface is 5×1018 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× 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 theAl composition ratio in first semiconductor layer 12 is increased to 0.04ormore, it is possible to achieve
reduction in operation voltage even when Si of 5 × 1018 cm‑1 or more is doped only to the interface between first
semiconductor layer12andfirst light guide layer13among the interfacebetweenfirst semiconductor layer12andfirst 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 ΔN, 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 is 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, 15c, 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 electron barrier layer
19 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);
a first semiconductor layer (12) above theGaNsubstrate (11), the first semiconductor layer (12) includinganitride
semiconductor of a first conductivity type;
anactive layer (15)above thefirst semiconductor layer (12), theactive layer (15) includinganitridesemiconductor
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 ahighestAl composition ratio betweenposition x=Xsandposition
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
afirst derivativeof function f(x)with respect to x is f’(x), andasecondderivativeof 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
whena linear function that passes through apoint (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 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
satisfiedand f"(x) reaches a localmaximum, the second concave region being included in a region that satisfiesXs≤ 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

a GaN substrate (11);
a first semiconductor layer (12) above theGaNsubstrate (11), the first semiconductor layer (12) includinganitride
semiconductor of a first conductivity type;
anactive layer (15)above thefirst semiconductor layer (12), theactive layer (15) includinganitridesemiconductor
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 ahighestAl composition ratio betweenposition x=Xsandposition
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
afirst derivativeof function f(x)with respect to x is f’(x), andasecondderivativeof 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;
anactive layer (15)above thefirst semiconductor layer (12), theactive layer (15) includinganitridesemiconductor
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 astackingdirectionperpendicular to amain surfaceof theGaNsubstrate (11), andasecond 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, theAl composition ratiomonotonically 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 theactive 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 ahighestAl composition ratio betweenposition x=Xsandposition
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
electronbarrier layer (18), and theAl composition ratio at position x= (Xm+Xs)/2 is no larger than50%of the largestAl
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
µmormoreandastripewidthof40µmormoreandwherein thesemiconductor laserelement is configured tooutput 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).

Patentansprüche

1. Lichtemittierendes Halbleiterelement, das Folgendes umfasst:

ein GaN-Substrat (11);
eine erste Halbleiterschicht (12) über dem GaN-Substrat (11), wobei die erste Halbleiterschicht (12) einen
Nitridhalbleiter eines ersten Leitfähigkeitstyps beinhaltet;
eine aktive Schicht (15) über der erstenHalbleiterschicht (12), wobei die aktive Schicht (15) einenNitridhalbleiter
beinhaltet, der Ga oder In beinhaltet;
eine Elektronensperrschicht (18) über der aktiven Schicht (15), wobei die Elektronensperrschicht (18) einen
Nitridhalbleiter beinhaltet, der mindestens Al beinhaltet; und
eine zweite Halbleiterschicht (19) über der Elektronensperrschicht (18), wobei die zweite Halbleiterschicht (19)
einen Nitridhalbleiter eines zweiten Leitfähigkeitstyps, der sich vom ersten Leitfähigkeitstyp unterscheidet,
beinhaltet,
wobei, wenn:

eine Stapelrichtung senkrecht zu einer Hauptfläche 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 nächsten ist, durch die Position x = Xs
repräsentiert wird, und eine Position, die von der aktiven Schicht (15) am weitesten entfernt ist, durch die
Position x = Xe repräsentiert wird;
eine Position in der Stapelrichtung, die zwischen der Position x = Xs und der Position x = Xe ein höchstes Al-
Zusammensetzungsverhältnis aufweist, durch die Position x = Xm repräsentiert wird;
in der Elektronensperrschicht (18) ein Al-Zusammensetzungsverhältnis in der Position x, die Xs ≤ x ≤ Xe
erfüllt, durch die Funktion f(x) repräsentiert 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,
dieElektronensperrschicht (18) beinhaltet eineerste konkaveRegion, die f"(x) >0und f’(x) =>0erfüllt,wobei
die erste konkave Region in einer Region beinhaltet ist, die mit Bezug auf die Position x Xs < x ≤ Xm erfüllt,
die zweite Ableitung f"(x) erreicht in der Position x =X1 in der ersten konkavenRegion ein lokalesMaximum,
die Elektronensperrschicht (18) beinhaltet eine erste konvexeRegion, in der f"(x) ≤ 0 in einer Region, diemit
Bezug auf die Position x X1 < x ≤ Xe erfüllt ist, und
wenn eine lineare Funktion, die durch einen Punkt (Xs, f(Xs)) verläuft 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 erfüllt, eine Beziehung g(x) > f(x) und f’(x) > 0 erfüllt.

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

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

4. Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 3,
wobei die Elektronensperrschicht (18) eine zweite konkaveRegion beinhaltet, die eine Position beinhaltet, in der f’(x)
>0erfüllt ist und f"(x) ein lokalesMaximumerreicht,wobeidie zweitekonkaveRegion ineinerRegionbeinhaltet ist, die
mit Bezug auf die Position x Xs ≤ x < X1 erfüllt.

5. Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 4,
wobei dieElektronensperrschicht (18) in einerRegion eine zweite konvexeRegion beinhaltet, in der f"(x)≤0erfüllt ist,
wobei die Region mit Bezug auf die Position x Xs ≤ x < X1 erfüllt.

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

7. Lichtemittierendes Halbleiterelement, das Folgendes umfasst

ein GaN-Substrat (11);
eine erste Halbleiterschicht (12) über dem GaN-Substrat (11), wobei die erste Halbleiterschicht (12) einen
Nitridhalbleiter eines ersten Leitfähigkeitstyps beinhaltet;
eine aktive Schicht (15) über der erstenHalbleiterschicht (12), wobei die aktive Schicht (15) einenNitridhalbleiter
beinhaltet, der Ga oder In beinhaltet;
eine Elektronensperrschicht (18) über der aktiven Schicht (15), wobei die Elektronensperrschicht (18) einen
Nitridhalbleiter beinhaltet, der mindestens Al beinhaltet; und
eine zweite Halbleiterschicht (19) über der Elektronensperrschicht (18), wobei die zweite Halbleiterschicht (19)
einen Nitridhalbleiter eines zweiten Leitfähigkeitstyps, der sich vom ersten Leitfähigkeitstyp unterscheidet,
beinhaltet,
wobei, wenn:

eine Stapelrichtung senkrecht zu einer Hauptfläche des GaN-Substrats (11) in der Elektronensperrschicht
(18) eine x-Achsenrichtung ist;
eine Position, die in der Stapelrichtung der aktiven Schicht (15) am nächsten ist, durch die Position x = Xs
repräsentiert wird, und eine Position, die von der aktiven Schicht (15) am weitesten entfernt ist, durch die
Position x = Xe repräsentiert wird;
eine Position in der Stapelrichtung, die zwischen der Position x = Xs und der Position x = Xe ein höchstes Al-
Zusammensetzungsverhältnis aufweist, durch die Position x = Xm repräsentiert wird;
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in der Elektronensperrschicht (18) ein Al-Zusammensetzungsverhältnis in der Position x, die Xs ≤ x ≤ Xe
erfüllt, durch die Funktion f(x) repräsentiert 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 erfüllt, wobei
dieerstekonkaveRegion ineinerRegionbeinhaltet ist, diemitBezugaufdiePositionxXs<x≤Xmerfüllt, 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-
Zusammensetzungsverhältnis aufweist, das sich in einer Richtung von der Position x = Xm zur zweiten
Halbleiterschicht (19) monoton verringert, wobei die zweite Verringerungsregion ein Al-Zusammenset-
zungsverhältnis aufweist, das sich in derRichtung von der Position x =Xmzur zweitenHalbleiterschicht (19)
monoton um weniger verringert als in der ersten Verringerungsregion.

8. Lichtemittierendes Halbleiterelement, das Folgendes umfasst

ein GaN-Substrat (11);
eine ersteHalbleiterschicht (12) über demGaN-Substrat, wobei die erste Halbleiterschicht (12) einenNitridhalb-
leiter eines ersten Leitfähigkeitstyps beinhaltet;
eine aktive Schicht (15) über der erstenHalbleiterschicht (12), wobei die aktive Schicht (15) einenNitridhalbleiter
beinhaltet, der Ga oder In beinhaltet;
eine Elektronensperrschicht (18) über der aktiven Schicht (15), wobei die Elektronensperrschicht (18) einen
Nitridhalbleiter beinhaltet, der mindestens Al beinhaltet; und
eine zweite Halbleiterschicht (19) über der Elektronensperrschicht (18), wobei die zweite Halbleiterschicht (19)
einen Nitridhalbleiter eines zweiten Leitfähigkeitstyps, der sich vom ersten Leitfähigkeitstyp unterscheidet,
beinhaltet,
wobei die Elektronensperrschicht (18) Folgendes beinhaltet: eine erste Region, in der sich das Al-Zusammen-
setzungsverhältnis in einer Stapelrichtung senkrecht zu einer Hauptfläche des GaN-Substrats (11) mit einer
ersten Änderungsrate ändert, und eine zweite Region, die zwischen der ersten Region und der zweiten Halb-
leiterschicht (19) angeordnet ist und in der sich ein Al-Zusammensetzungsverhältnis in der Stapelrichtung mit
einer zweiten Änderungsrate ändert,
in der ersten Region und der zweiten Region erhöht sich das Al-Zusammensetzungsverhältnis in der Richtung
von der aktiven Schicht (15) zur zweiten Halbleiterschicht (19) monoton, und
die zweite Änderungsrate ist in der Richtung von der aktiven Schicht (15) zur zweiten Halbleiterschicht (19)
größer als die erste Änderungsrate, und
wenn:

eine Stapelrichtung senkrecht zu einer Hauptfläche des GaN-Substrats (11) in der Elektronensperrschicht
(18) eine x-Achsenrichtung ist;
eine Position, die in der Stapelrichtung der aktiven Schicht (15) am nächsten ist, durch die Position x = Xs
repräsentiert wird, und eine Position, die von der aktiven Schicht (15) am weitesten entfernt ist, durch die
Position x = Xe repräsentiert wird; und
eine Position in der Stapelrichtung, die zwischen der Position x = Xs und der Position x = Xe ein höchstes Al-
Zusammensetzungsverhältnis aufweist, durch die Position repräsentiert 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-
Zusammensetzungsverhältnis aufweist, das sich in einer Richtung von der Position x = Xm zur zweiten
Halbleiterschicht (19) monoton verringert, wobei die zweite Verringerungsregion ein Al-Zusammenset-
zungsverhältnis 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 größer als 80% der Filmdicke der Elektronen-
sperrschicht (18) aufweist, und das Al-Zusammensetzungsverhältnis in der Position x = (Xm + Xs)/2 nicht größer als
50% des größten Al-Zusammensetzungsverhältnisses 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 Leitfähigkeitstyps.

11. Lichtemittierendes Halbleiterelement nach einem von Anspruch 1 bis Anspruch 10,
wobei das lichtemittierende Halbleiterelement ein Halbleiterlaserelement mit einer Resonatorlänge von 1500 µm
odermehr und einer Streifenbreite von 40µmodermehr ist undwobei dasHalbleiterlaserelement dazuausgelegt 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 Erhöhung aufweist,
das lichtemittierende Halbleiterelement Folgendes umfasst:
einen leitfähigen Oxidfilm (33) auf der zweiten Halbleiterschicht (19), wobei der leitfähige Oxidfilm (33) ein Film
ist, der zwischen einer Kontaktschicht (20) auf der Erhöhung und einer p-seitigen Elektrode (32) angeordnet ist,
wobei die Erhöhung auf der zweiten Halbleiterschicht (19) des lichtemittierenden Halbleiterelements (100)
gebildet ist, wobei dieKontaktschicht (20) eineSchicht ist, die über der zweitenHalbleiterschicht (19) angeordnet
ist und einen Nitridhalbleiter des zweiten Leitfähigkeitstyps beinhaltet, wobei die p-seitige Elektrode (32) eine
leitfähige Schicht ist, die über der Kontaktschicht (20) angeordnet ist.

Revendications

1. Élément électroluminescent à semi-conducteur, comprenant :

un substrat en GaN (11) ;
une première couche semi-conductrice (12) au-dessus du substrat en GaN (11), la première couche semi-
conductrice (12) comportant un semi-conducteur à base de nitrure d’un premier type de conductivité ;
unecoucheactive (15) au-dessusde lapremière couchesemi-conductrice (12), la coucheactive (15) comportant
un semi-conducteur à base de nitrure comportant Ga ou In ;
une couche barrière d’électrons (18) au-dessus de la couche active (15), la couche barrière d’électrons (18)
comportant un semi-conducteur à base de nitrure comportant au moins AL ; et
une deuxième couche semi-conductrice (19) au-dessus de la couche barrière d’électrons (18), la deuxième
couche semi-conductrice (19) comportant un semi-conducteur à base de nitrure d’un deuxième type de
conductivité différent du premier type de conductivité,
dans lequel lorsque :

dans la couche barrière d’électrons (18), une direction d’empilement perpendiculaire à 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 uneposition la pluséloignéede la coucheactive (15) est représentéepar la position x=Xe ;
dans ladirectiond’empilement, unepositionayant leplusgrand rapport decompositionAlentre lapositionx=
Xs et la position x = Xe est représentée par la position x = Xm ;
dans la couche barrière d’électrons (18), un rapport de composition Al à la position x qui satisfait Xs ≤ x ≤ Xe
est représenté par la fonction f(x) ; et
une dérivée première de la fonction f(x) par rapport à x est f’ (x), et une dérivée seconde de la fonction f(x) par
rapport à x est f"(x),
la couche barrière d’électrons (18) comporte une première région concave qui satisfait f"(x) > 0 et f’(x) > 0, la
première 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 à la position x = X1 dans la première région concave,
la couche barrière d’électrons (18) comporte une première 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 linéairequi passeparunpoint (Xs, f(Xs)) et qui est tangenteà la fonction f(x) à laposition x
= Xt dans la première région convexe est g(x), la fonction f(x), la fonction g(x) et la dérivée première f’ (x)
satisfont une relation g(x) > f(x) et f’ (x) > 0 à la position x qui satisfait Xs < x < Xt.

2. Élément électroluminescent à 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 barrière d’électrons (18).

3. Élément électroluminescent à semi-conducteur selon l’une des revendications 1 et 2,
dans lequel la position x = Xm est située dans la première région convexe.

4. Élément électroluminescent à semi-conducteur selon l’une quelconque des revendications 1 à 3,
dans lequel la couche barrière d’électrons (18) comporte une deuxième région concave comportant une position à
laquelle f’(x) > 0 est satisfaite et f" (x) atteint un maximum local, la deuxième région concave étant incluse dans une
région qui satisfait Xs ≤ x < X1 concernant la position x.

5. Élément électroluminescent à semi-conducteur selon l’une quelconque des revendications 1 à 4,
dans lequel la couche barrière d’électrons (18) comporte, dans une région, une deuxième région convexe dans
laquelle f"(x) ≤ 0 est satisfaite, la région satisfaisant Xs ≤ x < X1 concernant la position x.

6. Élément électroluminescent à semi-conducteur selon l’une quelconque des revendications 1 à 5,
dans lequel la première région concave a une largeur de (Xm - Xs)/2 ou plus.

7. Élément électroluminescent à semi-conducteur, comprenant

un substrat en GaN (11) ;
une première couche semi-conductrice (12) au-dessus du substrat en GaN (11), la première couche semi-
conductrice (12) comportant un semi-conducteur à base de nitrure d’un premier type de conductivité ;
unecoucheactive (15) au-dessusde lapremière couchesemi-conductrice (12), la coucheactive (15) comportant
un semi-conducteur à base de nitrure comportant Ga ou In ;
une couche barrière d’électrons (18) au-dessus de la couche active (15), la couche barrière d’électrons (18)
comportant un semi-conducteur à base de nitrure comportant au moins AL ; et
une deuxième couche semi-conductrice (19) au-dessus de la couche barrière d’électrons (18), la deuxième
couche semi-conductrice (19) comportant un semi-conducteur à base de nitrure d’un deuxième type de
conductivité différent du premier type de conductivité,
dans lequel lorsque :

dans la couche barrière d’électrons (18), une direction d’empilement perpendiculaire à 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 uneposition la pluséloignéede la coucheactive (15) est représentéepar la position x=Xe ;
dans ladirectiond’empilement, unepositionayant leplusgrand rapport decompositionAlentre lapositionx=
Xs et la position x = Xe est représentée par la position x = Xm ;
dans la couche barrière d’électrons (18), un rapport de composition Al à la position x qui satisfait Xs ≤ x ≤ Xe
est représenté par la fonction f(x) ; et
une dérivée première de la fonction f(x) par rapport à x est f’ (x), et une dérivée seconde de la fonction f(x) par
rapport à x est f"(x),
la couche barrière d’électrons (18) comporte une première région concave qui satisfait f"(x) > 0 et f’(x) > 0, la
première région concave étant incluse dans une région qui satisfait Xs < x ≤ Xm concernant la position x, et
la couche barrière d’électrons (18) comporte une première région de diminution et une deuxième région de
diminution dans l’ordre à partir d’un côté de la couche active (15), la première région de diminution ayant un
rapport de compositionAl qui diminue de façonmonotonedans unedirection allant de la position x =Xmvers
la deuxième couche semi-conductrice (19), la deuxième région de diminution ayant un rapport de composi-
tion Al qui diminue de façon monotone moins que dans la première région de diminution dans la direction
allant de la position x = Xm vers la deuxième couche semi-conductrice (19).

8. Élément électroluminescent à semi-conducteur, comprenant

un substrat en GaN (11) ;
une première couche semi-conductrice (12) au-dessus du substrat en GaN, la première couche semi-conduc-
trice (12) comportant un semi-conducteur à base de nitrure d’un premier type de conductivité ;
unecoucheactive (15) au-dessusde lapremière couchesemi-conductrice (12), la coucheactive (15) comportant
un semi-conducteur à base de nitrure comportant Ga ou In ;
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une couche barrière d’électrons (18) au-dessus de la couche active (15), la couche barrière d’électrons (18)
comportant un semi-conducteur à base de nitrure comportant au moins AL ; et
une deuxième couche semi-conductrice (19) au-dessus de la couche barrière d’électrons (18), la deuxième
couche semi-conductrice (19) comportant un semi-conducteur à base de nitrure d’un deuxième type de
conductivité différent du premier type de conductivité,
dans lequel la couche barrière d’électrons (18) comporte : une première région dans laquelle un rapport de
composition Al change à une première vitesse de changement dans une direction d’empilement perpendiculaire
à une surface principale du substrat en GaN (11), et une deuxième région qui est disposée entre la première
région et la deuxième couche semi-conductrice (19) et dans laquelle un rapport de composition Al change à une
deuxième vitesse de changement dans la direction d’empilement,
dans la première régionet la deuxième région, le rapport de compositionAl augmente de façonmonotonedans la
direction allant de la couche active (15) vers la deuxième couche semi-conductrice (19), et
la deuxième vitesse de changement est plus grande que la première vitesse de changement dans la direction
allant de la couche active (15) vers la deuxième couche semi-conductrice (19), et
lorsque :

dans la couche barrière d’électrons (18), une direction d’empilement perpendiculaire à 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 uneposition la pluséloignéede la coucheactive (15) est représentéepar la position x=Xe ;
et
dans ladirectiond’empilement, unepositionayant leplusgrand rapport decompositionAlentre lapositionx=
Xs et la position x = Xe est représentée par la position x = Xm,
la couche barrière d’électrons (18) comporte une première région de diminution et une deuxième région de
diminution dans l’ordre à partir d’un côté de la couche active (15), la première région de diminution ayant un
rapport de compositionAl qui diminue de façonmonotonedans unedirection allant de la position x =Xmvers
la deuxième couche semi-conductrice (19), la deuxième région de diminution ayant un rapport de composi-
tion Al qui diminue de façon monotone moins que dans la première région de diminution dans la direction
allant de la position x = Xm vers la deuxième couche semi-conductrice (19).

9. Élément électroluminescent à semi-conducteur selon la revendication 8,
dans lequel la première région a une épaisseur de film supérieure à 50% et non supérieure à 80% de l’épaisseur de
film de la couche barrière d’électrons (18), et le rapport de composition Al à la position x = (Xm + Xs)/2 est non
supérieur à 50 % du plus grand rapport de composition Al dans la couche barrière d’électrons (18).

10. Élément électroluminescent à semi-conducteur selon l’une quelconque des revendications 1 à 9, comprenant en
outre :

une couche intermédiaire (17) entre la couche barrière d’électrons (18) et la couche active (15), la couche
intermédiaire (17) comportant un semi-conducteur à base de nitrure ,
dans lequel la couche active (15) comporte InGaN, et
la couche intermédiaire (17) comporte GaN du deuxième type de conductivité.

11. Élément électroluminescent à semi-conducteur selon l’une quelconque des revendications 1 à 10,
dans lequel l’élément électroluminescent à semi-conducteur est un élément laser à semi-conducteur ayant une
longueur de résonateur de 1500 umou plus et une largeur de bande de 40 umou plus et dans lequel l’élément laser à
semi-conducteur est configuré pour délivrer à 10 W ou plus.

12. Élément électroluminescent à semi-conducteur selon l’une quelconque des revendications 1 à 11,

dans lequel l’élément électroluminescent à semi-conducteur est un élément laser à semi-conducteur,
la deuxième couche semi-conductrice a une crête,
l’élément électroluminescent à semi-conducteur comprenant :
un film d’oxyde conducteur (33) sur la deuxième couche semi-conductrice (19), le film d’oxyde conducteur (33)
étant un film disposé entre une couche de contact (20) sur la crête et une électrode de côté p (32), la crête étant
formée sur la deuxièmecouche semi-conductrice (19) de l’élément électroluminescent à semi-conducteur (100),
la couchede contact (20) étant une couche disposée au-dessus de la deuxième couche semi-conductrice (19) et
comportant un semi-conducteur à base de nitrure du deuxième type de conductivité, l’électrode de côté p (32)
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étant une couche conductrice disposée au-dessus de la couche de contact (20).
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