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(57) ABSTRACT 

According to one embodiment, a semiconductor light emit 
ting device includes a stacked structure body, first and second 
electrodes. The stacked structure body includes first and sec 
ond semiconductor layers and a light emitting layer provided 
between the second and first semiconductor layers, and has 
first and second major surfaces. The first electrode has a first 
contact part coming into contact with the first semiconductor 
layer. The second electrode has a part coming into contact 
with the second semiconductor layer. A surface of the first 
semiconductor layer on a side of the first major Surface has a 
first part having a part overlapping a contact Surface with the 
first semiconductor layer and a second part having a part 
overlapping the second semiconductor layer. The second part 
has irregularity. A pitch of the irregularity is longer than a 
peak wavelength of emission light. The first part has Smaller 
irregularity than the second part. 
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SEMCONDUCTOR LIGHT EMITTING 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/204,082, filed Aug. 5, 2011, which is based 
upon and claims the benefit of priority of Japanese Patent 
Application No. 2011-055859, filed on Mar. 14, 2011; all of 
the disclosures of these applications are incorporated herein 
by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
semiconductor light emitting device. 

BACKGROUND 

0003. As a semiconductor light emitting device such as an 
LED (Light Emitting Diode), there is a structure in which, for 
example, a crystal layer formed on a Sapphire Substrate is 
bonded to a conductive substrate and the sapphire substrate is 
removed. In such a structure, in order to improve light extrac 
tion efficiency, processing to form irregularity is performed 
on the Surface of crystal that is exposed by removing the 
Sapphire Substrate. Furthermore, there is also another struc 
ture in which no electrode is formed on the surface of a crystal 
layer that serves as a light extraction Surface and a p-side 
electrode and an n-side electrode are formed on the crystal 
surface on the opposite side of the surface from which the 
Sapphire Substrate is removed. In such a semiconductor light 
emitting device, further improvement in light extraction effi 
ciency is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIGS. 1A and 1B are schematic views showing a 
semiconductor light emitting device; 
0005 FIG. 2 is a schematic plan view showing the semi 
conductor light emitting device; 
0006 FIGS. 3A and 3B are partially enlarged views of the 
semiconductor light emitting device; 
0007 FIG. 4 is a schematic cross-sectional view showing 
a semiconductor light emitting device according to a refer 
ence example: 
0008 FIG. 5A to FIG. 6 are schematic cross-sectional 
views showing reflection of emission light; 
0009 FIG. 7A to FIG. 9B are schematic cross-sectional 
views showing a method for manufacturing the semiconduc 
tor light emitting device; 
0010 FIG. 10A to FIG. 13 are schematic cross-sectional 
views showing semiconductor light emitting devices; and 
0011 FIG. 14 is a schematic cross-sectional view showing 
a semiconductor light emitting apparatus. 

DETAILED DESCRIPTION 

0012. In general, according to one embodiment, a semi 
conductor light emitting device includes a stacked structure 
body, a first electrode and a second electrode. The stacked 
structure body includes a first conductivity type first semi 
conductor layer, a second conductivity type second semicon 
ductor layer facing a part of the first semiconductor layer, and 
a light emitting layer provided between the second semicon 
ductor layer and the part of the first semiconductor layer, and 
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has a first major Surface on a side of the first semiconductor 
layer and a second major Surface on a side of the second 
semiconductor layer. The first electrode has a first contact part 
coming into contact with the first semiconductor layer on a 
side of the second major Surface. The second electrode has a 
part coming into contact with the second semiconductor layer 
on the second major Surface. The first major Surface has a first 
part having a part overlapping a contact Surface with the first 
semiconductor layer in the first contact part when viewed in a 
stacking direction from the first semiconductor layer toward 
the second semiconductor layer and a second part having a 
part overlapping the second semiconductor layer. The second 
part has irregularity. A pitch of the irregularity is longer than 
a peak wavelength of emission light emitted from the light 
emitting layer. Irregularity of the first part is Smaller than the 
irregularity of the second part. 
0013 Various embodiments will be described hereinafter 
with reference to the accompanying drawings. 
0014. The drawings are schematic or conceptual; and the 
relationships between the thicknesses and widths of portions, 
the ratio coefficients of sizes among portions, etc., are not 
necessarily the same as the actual values thereof. Further, the 
dimensions and the ratio coefficients may be illustrated dif 
ferently among the drawings, even for identical portions. 
0015. In the specification and the drawings of the applica 
tion, components similar to those described in regard to a 
drawing therein above are marked with like reference numer 
als, and a detailed description is omitted as appropriate. 

First Embodiment 

0016 FIGS. 1A and 1B are schematic views illustrating 
the configuration of a semiconductor light emitting device 
according to a first embodiment. 
0017. That is, FIG. 1A is a schematic cross-sectional view 
when viewed in the direction of an A-A'arrow in FIGS. 2 and 
1B is a partially enlarged view. 
0018 FIG. 2 is a schematic plan view illustrating the con 
figuration of the semiconductor light emitting device accord 
ing to the first embodiment. 
(0019 FIGS. 3A and 3B are partially enlarged views of the 
semiconductor light emitting device according to the first 
embodiment. 
0020. That is, FIG.3A is a schematic cross-sectional view 
and FIG. 3B is a schematic plan view. 
0021. As shown in FIG. 1A, a semiconductor light emit 
ting device 110 according to the first embodiment comprises 
a stacked structure body 100, a first electrode 50, and a second 
electrode 60. 
0022. The stacked structure body 100 has a first conduc 

tivity type first semiconductor layer 10, a second conductivity 
type second semiconductor layer 20 facing a part of the first 
semiconductor layer 10, and a light emitting layer 30 pro 
vided between the second semiconductor layer 20 and a part 
of the first semiconductor layer 10. 
0023 The first conductivity type is, for example, an 
n-type. The second conductivity type is, for example, a 
p-type. 
0024 However, the first conductivity type may be a p-type 
and the second conductivity type may be an n-type. In the 
embodiment, explanation will be given with a case where the 
first conductivity type is an in type and the second conductivity 
type as an example. 
0025. The stacked structure body 100 has a first major 
surface 100a on the side of the first semiconductor layer 10 
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and a second major surface 100b on the side of the second 
semiconductor layer 20. In addition, a part of the first semi 
conductor layer 10 is exposed to the side of the second major 
surface 100b. This part is an exposed part 100e of the first 
semiconductor layer 10. 
0026. The first electrode 50 has a contact part (first contact 
part) 51 in contact with the first semiconductor layer 10 at the 
exposed part 100e. The second electrode 60 is in contact with 
the second semiconductor layer 20 on the second major Sur 
face 100b. 
0027. The surface on the side of the first major surface 
100a of the first semiconductor layer 10 has a first part 11 and 
a second part 12. 
0028. The first part 11 has a part that overlaps a contact 
surface 50c with the first semiconductor layer 10 in the con 
tact part 51 of the first electrode 50 when viewed in a direction 
(stacking direction) from the first semiconductor layer 10 
toward the second semiconductor layer 20. Here, in the 
embodiment, the direction in which the first semiconductor 
layer 10 and the second semiconductor layer 20 are connected 
is referred to as a Z-axis direction, one of directions perpen 
dicular to the Z-axis direction is referred to as an X-axis 
direction, and a direction perpendicular to the Z-axis direc 
tion and the X-axis direction is referred to as a Y-axis direc 
tion. The stacking direction is the Z-axis direction. 
0029. The second part 12 has a part that overlaps the 
second semiconductor layer 20 when viewed in the stacking 
direction (Z-axis direction). The second part 12 has irregu 
larity parts 12p. The irregularity of the irregularity parts 12p 
has a pitch longer than the peak wavelength of emission light 
emitted from the light emitting layer 30. 
0030 The irregularity of the first part 11 is smaller than 
that of the second part 12. For example, when there is irregu 
larity in the first part 11, the pitch of the irregularity is shorter 
than the peak wavelength of emission light emitted from the 
light emitting layer 30. 
0031. In such a semiconductor light emitting device 110, 
the irregularity of the first part 11 is smaller than that of the 
second part, and thus it is possible to Suppress the repetition of 
reflection of emission light between the contact surface 50c of 
the first electrode 50 and the first major surface 100a of the 
first semiconductor layer 10. 
0032. Next, a specific example of the semiconductor light 
emitting device 110 according to the embodiment will be 
described. 
0033. In the semiconductor light emitting device 110 
according to the embodiment, the first semiconductor layer 
10, the second semiconductor layer 20, and the light emitting 
layer 30 included in the stacked structure body 100 are, for 
example, a nitride semiconductor. The first semiconductor 
layer 10, the second semiconductor layer 20, and the light 
emitting layer 30 are stacked on a growth substrate such as 
Sapphire using, for example, the organic metal vapor phase 
epitaxy method. In the specification, “nitride semiconductor” 
includes all compositions of semiconductors of the chemical 
formula B, In, Al-GalN (0<x<1, 0<Zs1, and x+y+Zs1) 
for which each of the compositional proportions x, y, and Zare 
changed within the ranges. "Nitride semiconductor further 
includes group V elements other than N (nitrogen) in the 
chemical formula recited above, various elements added to 
control various properties such as the conductivity type, etc., 
and various elements included unintentionally. 
0034. As shown in FIG. 1B, the stacked structure body 100 

is provided with a recess part 100t that reaches the first semi 
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conductor layer 10 from the second major surface 100b. The 
bottom surface of the recess part 100t includes the exposed 
part 100e of the first semiconductor layer 10. 
0035. The first electrode 50 has the contact part 51 includ 
ing the contact surface 50c with the exposed part 100e and a 
bonding metal part (first bonding metal part)53 in conduction 
with the contact part 51 and provided on the side of the second 
major surface 100b of the stacked structure body 100. The 
bonding metal part 53 has a part that overlaps the second 
semiconductor layer 20 when viewed in the stacking direction 
(the Z-axis direction). 
0036. As the contact part 51, a material by which an excel 
lent contact with the first semiconductor layer 10 can be 
obtained is used. As the contact part 51, for example, an 
Al/Ni/Austacked film is used. The stacked film is formed in 
a thickness of, for example, 300 nm by stacking Al, Ni, and Au 
in this order from the side of the contact surface 50c. 

0037. As the bonding metal part 53, a material by which an 
excellent connection with a support substrate 70, to be 
described later, can be obtained is used. As the bonding metal 
part 53, for example, a Ti/Austacked film is used. The stacked 
film is formed in a thickness of for example, 800 nm by 
stacking Ti and Au in this order from the side of the second 
major surface 100b. 
0038. The second electrode 60 has a reflection part 61 
provided along the second major surface 100b and a leader 
part 63 that extends to the outside of the stacked structure 
body 100 from the reflection part 61. As the reflection part 61, 
a material capable of efficiently reflecting emission light 
emitted from the light emitting layer 30 is used. As the reflec 
tion part 61, for example, a Ag/Pt stacked film is used. The 
stacked film is formed in a thickness of, for example, 200 nm 
by stacking Ag and Pt in this order from the side of the second 
major surface 100b. 
0039. The leader part 63 is exposed outside the stacked 
structure body 100. The leader part 63 is made of the same 
material as that of, for example, the reflection part 61 and 
provided integrally. At an exposed part of the leader part 63, 
a pad 65 is provided. 
0040. Between the second electrode 60 and the bonding 
metal part 53 (the first electrode 50), an insulating layer 40 is 
provided. The insulating layer 40 is provided from the side of 
the second major surface 100b of the stacked structure body 
100 to the inner surface of the recess part 100t. By the insu 
lating layer 40, the electrical insulation between the first 
electrode 50 and the second electrode 60 is kept. Furthermore, 
by covering the light emitting layer 30 that is exposed on the 
inner surface of the recess part 100t, the light emitting layer 
30 is passivated. As the insulating layer 40, for example, SiO, 
is used. The thickness of the insulating layer 40 is, for 
example, 800 nm. 
0041. The semiconductor light emitting device 110 is pro 
vided with the support substrate 70 that supports the stacked 
structure body 100 etc. The support substrate 70 is connected 
to the stacked structure body 100 etc. via the bonding metal 
part 53. As the support substrate 70, for example, Ge having 
conductivity is used. The support substrate 70 is bonded to the 
bonding metal part 53 via solder of, for example, AuSu alloy. 
0042. In the semiconductor light emitting device 110, the 

first electrode 50 is an n-side electrode. Consequently, by the 
support substrate 70 in conduction with the first electrode 50. 
electrical conduction between the n-side electrode (the first 
electrode 50) and the outside is obtained. 
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0043. In the semiconductor light emitting device 110, the 
second electrode 60 is a p-side electrode. Consequently, by 
connecting a bonding wire etc. to the pad 65, electrical con 
duction between the p-side electrode (the second electrode 
60) and the outside is obtained. 
0044 As shown in FIG. 2, the semiconductor light emit 
ting device 110 is provided with, for example, a plurality of 
the first electrodes 50. The plurality of the first electrodes 50 
is arranged in the form of a matrix along the X-Y plane when 
viewed in the Z-axis direction. The number of the first elec 
trodes 50 and their layout are appropriately selected. When 
the plurality of the first electrodes 50 is provided, the electric 
current spreads from each of the first electrodes 50 to the 
second electrode 60, and thus a favorable emission distribu 
tion can be obtained in the X-Y plane. 
0045. As shown in FIG. 3A, the irregularity parts 12p of 
the second part 12 are provided with a plurality of protru 
sions. A maximum width AW of the protrusion along the 
X-axis direction is longer than the peak wavelength in the first 
semiconductor layer 10 of emission light emitted from the 
light emitting layer 30. 
0046. Herewith, it is possible to regard reflection of emis 
sion light at the boundary surface between the first semicon 
ductor layer 10 and the outside as Lambert reflection and the 
effect to improve light extraction efficiency is magnified. 
Here, the peak wavelength is a wavelength of light of emis 
sion light emitted from the light emitting layer 30, which has 
the highest intensity. The peak wavelength is a wavelength 
corresponding to the peak value of the spectral distribution of 
emission light. When there are two or more local maxima, not 
the noise level, in spectra, the wavelength of the peak value of 
any of them may be selected. 
0047. As shown in FIG. 3B, for example, a nitride semi 
conductor is used as the first semiconductor layer 10, if the 
planar figure of the protrusion when viewed in the Z-axis 
direction is substantially a hexagon, the maximum width AW 
is the width between the vertexes diagonally opposed each 
other. 

0048. As an example, when the peak wavelength of emis 
sion light within the first semiconductor layer 10 is 155 nm, it 
is possible to obtain the effect to improve light extraction 
efficiency until the maximum width AW of the irregularity 
parts 12 reaches about 3 um after exceeding 155 nm. Here 
with, it is preferable for the maximum width AW of the 
irregularity parts 12p to be twice or more the peak wavelength 
of emission light or particularly preferable, ten times or more 
that. 

0049. In such a semiconductor light emitting device 110, 
neither the n-side electrode nor the p-side electrode is 
arranged on the side of the first major surface 100a of the 
stacked structure body 100. Consequently, compared with the 
case where the electrode is arranged on the side of the first 
major surface 100a, the light extraction efficiency on the side 
of the first major surface 100a is improved. Additionally, it is 
possible to further magnify the effect to improve the light 
extraction efficiency at the boundary surface between the first 
semiconductor layer 10 and the outside by the second part 12 
provided on the first major surface 100a. 
0050. The inventors of the invention have newly found that 
by providing the first part 11 flatter than the second part 12 on 
the first major surface 100a, which is one of light extraction 
Surfaces, it is possible to improve light extraction efficiency 
compared with the case where the first part 11 is not provided. 
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0051. Here, the above-mentioned knowledge we have 
newly found will be described by a comparison between the 
semiconductor light emitting device 110 according to the 
embodiment and a semiconductor light emitting device 
according to a reference example as an example. 
0.052 FIG. 4 is a schematic cross-sectional view illustrat 
ing the configuration of a semiconductor light emitting device 
according to the reference example. 
0053 As shown in FIG. 4, in a semiconductor light emit 
ting device 190 according to the reference example, only the 
second part 12 is provided on the first major surface 100a of 
the first semiconductor layer 10. That is, while the semicon 
ductor light emitting device 110 according to the embodiment 
comprises the first part 11, the semiconductor light emitting 
device 190 according to the reference example does not com 
prise the first part 11. 
0054 The inventors of the invention have carried out a 
simulation of the semiconductor light emitting device 110 
provided with the first part 11 as described above and the 
semiconductor light emitting device 190 not provided with 
the first part 11 by the finite-difference time-domain method 
(FDTD method) and calculated light extraction efficiency. As 
a result of that, a new knowledge that light extraction effi 
ciency can be improved by providing the first part 11 has been 
found. 
0055 FIG. 5A to FIG. 6 are schematic cross-sectional 
views illustrating reflection of emission light. 
0056 FIG. 5A schematically shows the way of reflection 
of emission light in the semiconductor light emitting device 
according to the embodiment. FIG. 5B schematically shows 
the way of reflection of emission light in the semiconductor 
light emitting device according to the reference example. 
FIG. 6 schematically shows the way of another reflection of 
emission light in the semiconductor light emitting device 
according to the embodiment. Each of FIGS. 5A, 5B, and 6 
schematically shows a state of traveling and reflection of 
emission light emitted from the light emitting layer 30 at a 
certain angle. 
0057. As shown in FIG. 5B, in the semiconductor light 
emitting device 190 according to the reference example, 
emission light C20 emitted toward the first major surface 
100a from the light emitting layer 30 is regarded to be 
reflected by Lambert reflection in terms of statistics. A part of 
light (light C21) reflected by Lambert reflection from the 
irregularity parts 12p of the second part 12 is reflected from 
the contact surface 50c of the first electrode 50 (the contact 
part 51) and travels again toward the irregularity parts 12p of 
the second part 12. The light C21 is reflected again by Lam 
bert reflection from the irregularity parts 12p (light C22). 
0058. Here, a part of the light C21 by Lambert reflection 
travels toward the contact surface 50c of the first electrode 50 
(the contact part 51). A part of the light C21 toward the 
contact surface 50c is absorbed by the contact surface 50c and 
a part of the light is reflected. That is, the light of the emission 
light C20, which has propagated between the irregularity 
parts 12p and the contact surface 50c of the first electrode 50 
(the contact part 51) repeats Lambert reflection at the irregu 
larity parts 12p and reflection at the contact surface 50c. By 
this repetition of reflection of light, light is prone to gather 
between the first major surface 100a and the contact surface 
50c of the first electrode 50 (the contact part 51). In the 
semiconductor light emitting device 190, by Such gathering 
of light, the emission efficiency of emission light to the out 
side is reduced. 
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0059. On the other hand, as shown in FIG. 5A, in the 
semiconductor light emitting device 110 according to the 
embodiment, emission light C10 emitted from the light emit 
ting layer 30 toward the first major surface 100a is reflected at 
the first part 11. The reflected light C11 is reflected at the 
contact surface 50c of the first electrode 50 (the contact part 
51) and travels again toward the first part 11 (light C12). The 
light C11 is reflected again at the first part (light C13). The 
light C13 travels toward the reflection part 61 of the second 
electrode 60. Light C14 reflected at the reflection part 61 
travels toward the irregularity parts 12p of the second part 12. 
The light C14 is reflected by Lambert reflection at the irregu 
larity parts 12p of the second part 12 and emitted to the 
outside. 

0060 Here, the first part 11 is flatter compared with the 
second part 12, and thus scattering of the light C10 incident to 
the first part 11 is less. Most of the emission light C10 incident 
to the first part 11 at a predetermined angle is reflected at the 
first part 11. Herewith, reflection according to geometrical 
optics is prone to take place between the first major Surface 
100a and the contact surface 50c of the first electrode 50 (the 
contact part 51) and the emission light C10 is hard to gather 
between the first major surface 100a and the contact surface 
50c of the first electrode 50 (the contact part51). That is, in the 
semiconductor light emitting device 110, the light that has 
been reflected repeatedly in the gap between the first part 11 
and the contact Surface 50c quickly passes through the gap 
and is reflected efficiently at the reflection part 61 of the 
second electrode 60 and emitted to the outside as a result. 

0061. In this case, as the number of times of reflection at 
the contact surface 50c is reduced, the loss of light is reduced, 
and thus it is easy to improve the light extraction efficiency. 
For example, it is possible to reduce the number of times of 
reflection by reducing the area of the contact surface 50c. 
Furthermore, as a result of a simulation carried out by the 
inventors of the invention, it has been found that the intensity 
distribution inside the stacked structure body 100 of emission 
light emitted from the light emitting layer 30 has the maxi 
mum intensity at an angle inclined by 30 degrees with respect 
to the light emitting layer 30 when reflection is repeated 
between the second part 12 and the reflection part 61 of the 
second electrode 60. 
0062. Through the use of this, the conditions of suppress 
ing the loss of light to a minimum by utilizing the above have 
been obtained. That is, when it is assumed that a flat part 50D 
(see FIG. 6) including the contact surface 50c and the first part 
11 is concentric when viewed in the Z-axis direction, and if 
the radius of the flat part 50D is d (see FIG. 6) and the 
thickness of the stacked structure body 100 from the contact 
surface 50c to the first part 11 is h (see FIG. 6), and then tan' 
(h/d)>30 degrees is met, the light incident to the first part 11 
at an angle of 30 degrees can pass through the flat part 50D 
without entering the contact surface 50c. Herewith, it is pos 
sible to Suppress the loss of light to a minimum. 
0063. Furthermore, as shown in FIG. 6, in the semicon 
ductor light emitting device 110 according to the embodi 
ment, emission light C30 emitted from the light emitting layer 
30 toward the inner surface of the recess part 100t is reflected 
at the inner surface of the recess part 100t. Reflected light C31 
is split into light C34 that is extracted to the outside at the first 
part 11 and light C32 that is reflected. The light C32 travels 
toward the reflection part 61 of the second electrode 60. Light 
C33 that is reflected at the reflection part 61 travels toward the 
irregularity parts 12p of the second part 12. The light C33 is 
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emitted to the outside after reflected at the irregularity parts 
12p of the second part 12 by Lambert reflection. 
0064. The first part 11 is flatter than the second part 12, and 
thus scattering of the emission light C3 incident to the first 
part 11 is less. The emission light C31 incident to the first part 
11 at a predetermined angle passes through (C34) or is 
reflected at (C32) the first part 11. By selecting the angle of 
the inner surface of the recess part 100t, the light C32 is 
reflected to the side of the second electrode 60 instead of the 
side of the contact surface 50c. The light C32 reflected to the 
side of the second electrode 60 is reflected efficiently at the 
reflection part 61 of the second electrode 60 and emitted to the 
outside without entering the contact surface 50c. 
0065. In particular, when the angle of the recess part 100t 
with respect to the first major surface 100a is 60 degrees, the 
light C31 incident to the inner surface of the recess part 100t 
at an angle of 30 degrees and reflected enters the first part 11 
at an angle of 90 degrees, and thus most of the light of the 
component is extracted to the outside (C34). Herewith, it is 
possible to extract emission light to the outside while Sup 
pressing to a minimum the light incident to the contact Surface 
50c at which the loss of light is larger than that of the second 
electrode 60. 
0.066 Conditions of a specific simulation are shown 
below. 
0067. The diameter of the contact surface 50c when 
viewed in the Z-axis direction was set to 10 um. The contact 
surfaces 50c were arranged into a square with a pitch of 64 
um. The distance from the contact surface 50c to the first 
major surface 100a of the first part 11 was set to 6 um. The 
distance from the light emitting layer 30 to under the irregu 
larity parts 12p of the second part 12 was set to 4 lum. The 
maximum height of the irregularity parts 12p formed by alkali 
processing, to be described later, was set to 1 Jum, and the 
angle of the recess part 100t was set to 75 degrees. The other 
parameters were regarded as those of a structure, to be 
described later, and light extraction efficiency was calculated 
using HW, half the width of the first part 11, as a parameter. 
0068. As a result of that, there was a tendency of the light 
extracting efficiency higher than that of the semiconductor 
light emitting device 190 according to the reference example 
to become higher when the width HW exceeded about 9 um. 
Meanwhile, it can be considered that the light extraction 
efficiency is reduced if the width HW is increased more than 
necessary. With the structure based on the conditions of simu 
lation described above, it was possible to improve the light 
extraction efficiency by 1.1% compared with the reference 
example or to reduce the loss of light (=1-light extraction 
efficiency) by 8.2%. 
0069. Here, it is desirable for the outer edge of the first part 
11 when viewed in the stacking direction to be larger than the 
outer edge of the contact surface 50c when viewed in the 
stacking direction. That is, as shown in FIG. 2, an area S1 of 
the outline of the first part 11 is made larger than an area S2 of 
the outline of the contact surface 50c. The shape of the outer 
edge of the first part 11 is similar to the shape of the outer edge 
of the contact surface 50c. Herewith, when viewed in the 
stacking direction, the first part 11 includes the contact Sur 
face 50c as a result. By making the area S1 larger than the area 
S2, it is possible to effectively prevent light from gathering 
between the first major surface 100a and the contact surface 
SOc. 

(0070. The larger the area S1 of the outline of the first part 
11, the less the gathering of light becomes. Consequently, if 
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the area S1 of the outline of the first part 11 is made larger, the 
light extraction efficiency is improved. On the other hand, if 
the area S1 becomes sufficiently larger than the area S2, the 
more improvement cannot be expected. Furthermore, if the 
area S1 is too large, the improvement in the light extraction 
efficiency because of the irregularity parts 12pprovided in the 
second part 12 is impeded. The outline and the area S1 of the 
first part 11 are set in view of those described above. 
(0071. As the contact part 51 of the first electrode 50, a 
material by which a favorable contact with the first semicon 
ductor layer 10 can be obtained is used. On the other hand, as 
the reflection part 61 of the second electrode 60, a material 
capable of favorably reflecting emission light is used. 
Depending on the difference in material, there may be a case 
where the reflectance to emission light of the contact surface 
50c is lower than the reflectance to emission light of the 
reflection part 61. When the reflectance of the contact surface 
50c is lower than the reflectance of the reflection part 61, in 
the semiconductor light emitting device 190 according to the 
reference example shown in FIG. 5B, the influence of the loss 
of light because of the gathering of light between the contact 
surface 50c and the first major surface 100a becomes signifi 
Cant. 

0072. On the contrary, in the semiconductor light emitting 
device 110 according to the embodiment shown in FIG.5A, at 
the first part 11, reflection of the emission light C10 and C30 
according to geometrical optics is prone to occur and even 
when the reflectance of the contact surface 50c is low, it is 
possible to guide emission light to the second part 12 with a 
minimum number of times of reflection to the contact surface 
50c or without entering the contact surface 50c. As a result of 
that, in the semiconductor light emitting device 110, it is 
possible to improve the emission efficiency of emission light 
to the outside compared with in the case of the semiconductor 
light emitting device 190. 
0073. Next, an example of a method for manufacturing the 
semiconductor light emitting device 110 will be described. 
0074 FIG. 7A to FIG. 9B are schematic cross-sectional 
views for describing an example of the method for manufac 
turing the semiconductor light emitting device in order. 
0075 First, as shown in FIG. 7A, on a growth substrate 80 
made of sapphire etc., crystal is grown sequentially in order of 
the first semiconductor layer 10, the light emitting layer 30, 
and the second semiconductor layer 20. By this, the stacked 
structure body 100 is formed on the growth substrate 80. 
0076. The stacked structure body 100 is formed by using, 
for example, the organic metal vapor phase epitaxy method. 
As an example, the stacked structure body 100 is formed as 
follows. 

0077. First, on the growth substrate 80 the surface of 
which is made of a Sapphire c Surface, as a buffer layer, a high 
carbon concentration first AIN buffer layer (for example, the 
carbon concentration is 3x10" cm or more and 5x10' 
cm or less and the thickness is, for example, 3 nm or more 
and 20 nm or less), a high purity second AIN buffer layer (for 
example, the carbon concentration is 1x10" cm or more 
and 3x10" cm or less and the thickness is 2 um), and a 
non-doped GaN buffer layer (for example, the thickness is 2 
um) are formed in this order. The first AIN buffer layer and the 
second AIN buffer layer are a single crystal aluminum nitride 
layer. By using a single crystal aluminum nitride layer as the 
first and second AIN buffer layers, it is possible to form a 
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semiconductor layer of high quality in the crystal growth, to 
be described later, and damage to the crystal is reduced con 
siderably. 
0078 Next, a Si-doped n-type GaN contact layer (for 
example, the Si concentration is 1x10" cm or more and 
5x10'cm or less and the thickness is 6 um) and a Si-doped 
n-type Alo. GaN clad layer (for example, the Si concen 
tration is 1x10" cm and the thickness is 0.02 um) are 
formed thereon in this order. The Si-doped n-type GaN con 
tact layer and the Si-doped n-type AloGaogoN clad layer 
are the first semiconductor layer 10. It should be noted that for 
the sake of convenience, all of or a part of the GaN buffer 
layers may be included in the first semiconductor layer 10. 
(0079. Here, the buffer layer formed on the growth sub 
strate 80 is not limited to the above-mentioned AIN. For 
example, as the buffer layer, a low-temperature grown 
AlGaN (0sxs1) thin film may be used. 
0080 Next, as the light emitting layer 30, a Si-doped 
n-type Alo, Gas N barrier layer and a GanN well layer are 
stacked thereon alternately in three cycles and furthermore, a 
final Alo, GaosN barrier layer of the multi quantum well is 
stacked. In the Si-doped n-type Alo, GaosN barrier layer, 
the Si concentration is set to, for example, 1.1x10" cm or 
more and 1.5x10" cm or less. In the final Alo, Gaoss N 
barrier layer, the Si concentration is set to, for example, 
1.1x10 cm or more and 1.5x10 cm or less and the 
thickness is set to, for example, 0.01 Lum. The thickness of 
Such a multi quantum well structure is set to, for example, 
0.075 um. After this, a Si-doped n-type Alo, GaosN layer 
(for example, the Si concentration is 0.8x10" cm or more 
and 1.0x10" cm or less and the thickness is set to, for 
example, 0.01 um) is formed. It should be noted that the 
wavelength of emission light in the light emitting layer 30 is, 
for example, 370 nm or more and 480 nm or less, or 370 nm 
or more and 400 nm or less. 
I0081 Furthermore, as the second semiconductor layer 20, 
a non-doped Alo. GasoN spacer layer (for example, the 
thickness is 0.02 um), a Mg-doped p-type AlosGaz N clad 
layer (for example, the Mg concentration is 1x10" cm and 
the thickness is, for example, 0.02 um), a Mg-doped p-type 
GaN contact layer (for example, the Mg concentration is 
1x10" cm and the thickness is 0.4 um), and a high concen 
tration Mg-doped p-type GaN contact layer (for example, the 
Mg concentration is 5x10" cma and the thickness is, for 
example, 0.02 um) are formed sequentially in this order. 
0082 It should be noted that the above-mentioned com 
positions, composition ratios, kinds of impurities, impurity 
concentrations, and thicknesses are examples and there can 
be various modifications. 
I0083. Meanwhile, by setting the Mg concentration of the 
high concentration Mg-doped p-type GaN contact layer to 
about 1x10 cm, somewhat higher, it is possible to 
improve the ohmic characteristics with the second electrode 
60. However, in the case of a semiconductor light emitting 
diode, there is a concern of deterioration in the characteristics 
by Mg diffusion because the distance between the high con 
centration Mg-doped p-type GaN contact layer and the light 
emitting layer 30 is short, unlike in the case of a semiconduc 
tor laser diode. Herewith, by Suppressing the Mg concentra 
tion of the high concentration Mg-doped p-type GaN contact 
layer to about 1x10" cm without considerably degrading 
the electrical characteristics by making use of the large con 
tact area between the second electrode 60 and the high con 
centration Mg-doped p-type GaN contact layer and the low 
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current density at the time of operation, it is possible to 
prevent Mg diffusion and to improve emission characteris 
tics. 
0084. Furthermore, the high carbon concentration first 
AIN buffer layer functions to relax the difference in the crys 
tal type from the growth substrate 80 and, in particular, to 
reduce the screw dislocation. The surface of the high purity 
second AIN buffer layer is flattened at the atomic level. Here 
with, the crystal defects of the non-doped GaN buffer layer 
that grows thereon are reduced. It should be noted that it is 
preferable to set the film thickness of the second AIN buffer 
layer greater than 1 um in order to Sufficiently reduce crystal 
defects. In addition, it is desirable to set the film thickness to 
4 um or less in order to prevent a warp due to distortion. The 
high purity second AIN buffer layer is not limited to AIN and 
AlGaN (0.8sXs 1) may be used and it is possible to com 
pensate for the warp of the growth substrate 80. 
0085 Moreover, the non-doped GaN buffer layer grows in 
the shape of a three-dimensional island on the high purity 
second AIN buffer. Herewith, the non-doped GaN buffer 
layer functions to reduce crystal defects. It is desirable to set 
the average film thickness of the non-doped GaN buffer layer 
to 2 um or more in order to flatten the growth surface. From 
the viewpoint of reproducibility and reduction in warp, it is 
preferable for the total film thickness of the non-doped GaN 
buffer layer to be 2 um or more and 10 um or less. 
I0086. By adopting these buffer layers, it is possible to 
reduce the crystal defects to about /10 compared with the case 
where the low-temperature grown AIN buffer layer is 
adopted. By this technique, it is possible to manufacture a 
highly-efficient semiconductor light emitting device despite 
the high concentration Si doping to the n-type GaN contact 
layer and ultraviolet band emission. Furthermore, by reduc 
ing the crystal defects in the non-doped GaN buffer layer, the 
absorption of light in the non-doped GaN buffer layer is also 
Suppressed. 
I0087 Next, as shown in FIG. 7B, the recess part 100t is 
formed in a part of the stacked structure body 100. The recess 
part 100t reaches the first semiconductor layer 10 from the 
second major surface 100b of the stacked structure body 100. 
Herewith, the first semiconductor layer 10 is exposed on the 
bottom part of the recess part 100t (the exposed part 100e). 
0088. In order to form the recess part 100t, a mask, not 
shown schematically, is formed on the second major Surface 
100b of the stacked structure body 100 and, for example, dry 
etching is performed. That is, the mask is provided with an 
opening in the part where the recess part 100t is formed and 
by etching, the stacked structure body 100 is removed from 
the second major surface 100b to the first semiconductor layer 
10. Herewith, the recess part 100t is formed. The angle of the 
inner surface of the recess part 100t is not limited in particu 
lar, but it is preferable to set 60 degrees or more as the angle 
at which light at an angle of 30 degrees from the light emitting 
layer 30, the emission light of which has the maximum inten 
sity, is reflected in the opposite direction of the direction in 
which the light travels. 
0089. Next, the second electrode 60 that comes into con 
tact with the second semiconductor layer 20 is formed. To 
form the second electrode 60, first, on the surface of the 
second semiconductor layer 20, a Ag/Pt stacked film, which 
forms an ohmic electrode, is formed in a film thickness of, for 
example, 200 nm and sinter processing is performed for one 
minute at about 400° C. in an oxygen atmosphere. Next, on 
the ohmic electrode, for example, a Ti/Au/Ti stacked is 
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formed in a film thickness of for example 400 nm as a current 
diffusion metal, a bonding metal to the pad 65, to be described 
later, and an adhesion metal to the insulating layer 40, to be 
described later. 
0090 Here, the second electrode 60 includes at least Agor 
Agalloy. The reflection efficiency to the visible light band of 
the normal metal single layer film tends to reduce for shorter 
wavelengths in the ultraviolet band of 400 nm or less. Aghas 
high reflection efficiency characteristics also to light in the 
ultraviolet band of 370 nm or more and 400 nm or less. 
Herewith, in the case of the semiconductor light emitting 
device of ultraviolet emission and where the second electrode 
60 is an alloy including Ag, it is desirable for the second 
electrode 60 on the side of the semiconductor boundary sur 
face to have a larger component ratio of Ag. It is preferable for 
the film thickness of the second electrode 60 to be 100 nm or 
more to secure the reflection efficiency to light. 
(0091 Next, as shown in FIG.7C, the insulating layer 40 is 
formed so as to cover the second electrode 60 and the recess 
part 100t. As the insulating layer 40, for example, SiO is 
formed into a film in a film thickness of 800 nm. 

0092 Next, in order to forman n-side electrode having the 
ohmic characteristics, the insulating layer 40 on the exposed 
part 100e within the recess part 100t is removed. Then, for 
example, an Al/Ni/Austacked film is formed thereon in a film 
thickness of, for example, 300 nm. Herewith, the contact part 
51 is formed. 
0093. If, for example, Al is used as the first layer of the 
contact part 51, favorable ohmic characteristics and low con 
tact characteristics with the n-type contact layer are obtained. 
Moreover, the contact part 51 can function as a reflection 
electrode, and thus by using Al as the first layer, the light 
extraction efficiency and the degree of freedom of design of 
the n-side electrode are improved. Al has a low resistance to 
environment, and thus for example, by adopting an Al alloy 
including a small amount of Si, it is possible to improve 
reliability and adhesiveness. It should be noted that the mate 
rial of the contact part 51 is not limited to the above. For 
example, in order to obtain lower contact characteristics, it 
may also be possible to form a Ti/Al/Ni/Austacked film in a 
film thickness of, for example, 320 nm and perform sinter 
processing for one minute at 600° C. in a nitrogen atmo 
sphere. In that case, it is sufficient to form the n-side electrode 
before the second electrode 60 and add a process of opening 
a hole in the insulating layer 40 on the n-side electrode after 
forming the insulating layer 40. 
0094. Next, as shown in FIG. 8A, on the entire surface on 
which the contact part 51 and the insulating layer 40 are 
exposed, for example, a Ti/Austacked film is formed in a film 
thickness of 800 nm as the bonding metal part 53. 
(0095 Next, the support substrate 70 made of, for example, 
Ge is prepared. On the major surface of the support substrate 
70, solder (not shown schematically) of AuSn alloy having a 
film thickness of, for example, 3 um is provided. Then, the 
metal bonding part 53 and the solder arranged facing each 
other and heated to temperature equal to or higher than the 
eutectic point of the solder, for example, 300° C. By this, the 
support substrate 70 is bonded to the side of the second major 
surface 100b of the stacked structure body 100. 
0096. Then, as shown in FIG. 8B, the stacked structure 
body 100 is irradiated with laser light LSR of the triple har 
monics (355 nm) or quadruple harmonics (266 mm) of the 
solid-state laser of for example, YVO from the side of the 
growth substrate 80. The laser light LSR has a wavelength 
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shorter than the forbidden bandwidth wavelength based on 
the forbidden bandwidth of GaN of the GaN buffer layer (for 
example, the above-mentioned non-doped GaN buffer layer). 
That is, the laser light LSR has energy higher than that of the 
forbidden bandwidth of GaN. 
0097. The laser light LSR is absorbed efficiently in the 
region of the GaN buffer layer (the non-doped GaN buffer 
layer) on the side of the single crystal AIN buffer layer (in this 
example, the second AIN buffer layer). Herewith, GaN of the 
GaN buffer layer on the side of the single crystal AIN buffer 
layer is decomposed by heat generation. 
0098. Here, in the process of causing the stacked structure 
body 100 on the growth substrate 80 and the support substrate 
70 to adhere to each other and the process of peeling off the 
growth substrate 80 by decomposing GaN with laser light, 
there is a possibility that the influence of crystal defects etc. is 
exerted on the stacked structure body 100. That is, there is a 
possibility that the stacked structure body 100 is affected by 
the difference in the thermal expansion coefficient between 
the support substrate 70 and the growth substrate 80 or GaN. 
heat generated by local heating, products caused by decom 
position of GaN, etc. 
0099. In the embodiment, a single crystal AIN buffer layer 

is used as the AIN buffer layer and thus, it is possible to form 
the stacked structure body 100 of high quality. Herewith, it is 
possible to considerably reduce the occurrence of defects etc. 
in crystal. 
0100. A single crystal AIN buffer layer has high thermal 
conduction characteristics. Herewith, at the time of decom 
position of GaN by laser light, heat diffuses to the AIN buffer 
layer close to GaN and it is unlikely to suffer from damage 
due to local heating. 
0101 Then, the decomposed GaN is removed by hydro 
chloric acid processing etc. and the growth Substrate 80 is 
peeled off from the stacked structure body 100. Herewith, the 
growth substrate 80 and the stacked structure body 100 are 
separated. 
0102 Next, the formation of irregularity and of the pad 65 

is carried out on the first major surface 100a of the exposed 
stacked structure body 100. 
0103 First, as shown in FIG. 9A, a part of the stacked 
structure body 100 is removed by dry etching and part (the 
leader part 63) of the second electrode 60 is exposed. Next, a 
dielectric 45 is formed on the entire surface of the first major 
surface 100a of the stacked structure body 100 and an open 
ing is provided in a part thereof. As the dielectric 45, for 
example, SiO is used. The film thickness of the dielectric 45 
is, for example, 800 nm. From the opening of the dielectric 
45, for example, the surface of the non-doped GaN buffer 
layer is exposed. 
0104) Next, as shown in FIG.9B, by using the dielectric 45 
in which an opening is provided as a mask, the Surface of the 
non-doped GaN buffer layer is processed by, for example, 
alkali etching using a KOH solution and thus the irregularity 
parts 12p are formed. Etching conditions are, for example, 
that one mol/litter (L) KOH solution is heated to 80° C. and 
etching is performed for 20 minutes. After that, the dielectric 
45 that remains on the first part 11 may be removed. 
0105. In this manner, the irregularity parts 12p are formed 
in the part of the dielectric 45 where openings are formed. 
That is, the second part 12 including the irregularity parts 12p 
is formed. On the other hand, in the part where the dielectric 
45 is provided, the irregularity parts 12p are not formed. That 
is, the part where the dielectric 45 is provided on the first 
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major surface 100a forms the first part 11 flatter than the 
second part 12. The first part 11 and the second part 12 may be 
formed in the Si-doped n-type GaN contact layer. 
0106 Here, as a method for forming the irregularity parts 
12p, either wet etching described above or dry etching may be 
used. By alkali etching using a KOH solution etc., anisotropic 
etching is performed along the Surface orientation (mainly, 
{10-1-1}) of the GaN crystal and a hexagonal pyramid struc 
ture is formed as a result. Furthermore, the etching rate, the 
size and density of the hexagonal pyramid considerably vary 
depending on the etching temperature, etching time, hydro 
gen ion exponent (pH) adjusted by adding another Substance, 
concentration, presence/absence of irradiation of ultraviolet 
(UV) light and UV laser, etc. 
0107. In general, the larger the amount of etching (the 
depth from the surface before etching to the deepest part of 
the irregularity parts 12p formed after etching), the larger and 
the more densely the irregularity parts 12p are formed. When 
processing GaN by dry etching, unlike the Ga surface, the N 
Surface is susceptible to crystal orientation and transition, and 
anisotropic etching is likely to take place. The surface of GaN 
grown on the c Surface Sapphire Substrate is normally the Ga 
surface and in the embodiment, the surface of GaN exposed 
by removing the sapphire substrate is the N surface. 
0.108 Consequently, it is easy to form the irregularity parts 
12p by anisotropic etching of dry etching. Moreover, it may 
also be possible to form the irregularity parts 12p by dry 
etching using a mask. Herewith, the irregularity parts 12p can 
be formed exactly according to design, and thus it is easy to 
improve the light extraction efficiency. 
0109 The irregularity parts 12p are formed to, for 
example, effectively extract incident emission light or to 
change the incidence angle. Herewith, it is preferable for the 
size to be equal or more than the wavelength of emission light 
in the crystal layer. If the irregularity parts 12p are smaller 
than the wavelength of emission light, the emission light 
incident to the irregularity parts 12p exhibits behaviors, such 
as scattering and diffraction, at the boundary Surface of the 
irregularity parts 12p, which are described by wave optics. 
Herewith, a part of the emission light that originally passes 
through cannot be extracted any more. Furthermore, if the 
irregularity parts 12p are Sufficiently Smaller than the wave 
length of the emission light, the irregularity parts 12p are 
regarded as a layer in which the refractive index varies con 
tinuously. Herewith, the irregularity parts 12p become 
equivalent to a flat surface without irregularity, and thus light 
extraction efficiency is not improved. 
0110. The results of the experiment using a semiconductor 
light emitting device with an emission light wavelength of 
390 nm (the emission wavelength in the crystal layer is about 
155 nm) manufactured in the embodiment showed the ten 
dency that the larger the irregularity parts 12p, the more the 
light output increases. The tendency to increase continued 
until the size of the irregularity parts 12p became about 3 um. 
Herewith, it has been found that preferably the size of the 
irregularity parts 12p is twice or more the emission wave 
length in the crystal layer and more preferably, ten times or 
O. 

0111. Then, apart of the dielectric 45 that covers the leader 
part 63 is removed and the pad 65 is formed in that region. As 
the pad 65, for example, a Ti/Austacked film is used. The film 
thickness of the pad 65 is, for example, 800 nm. To the pad 65, 
a bonding wire is connected. In order to improve bonding 
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characteristics, it is desirable to form Au thick on the surface 
of the pad 65 by, for example, plating. 
0112. After that, the dielectric 45 is removed and the Sup 
port substrate 70 is cut by cleavage or using a diamond blade 
etc. according to the necessity. Herewith, the semiconductor 
light emitting device 110 is completed. 
0113. As described above, when making use of anisotro 
pic etching using an alkali solution Such as KOH to form the 
irregularity parts 12p, the etching rate changes depending on 
slight fluctuation in structure and charged State. Herewith, it is 
difficult to control the amount of etching. When forming the 
irregularity parts 12p on the first major surface 100a on the 
contact Surface 50c as in the semiconductor light emitting 
device 190 according to the reference example shown in FIG. 
4, it is necessary to design the thickness of the first semicon 
ductor layer 10 on the contact surface 50c so as to be great to 
a certain degree in view of the degree of margin of the amount 
ofetching. Herewith, much emission light propagates to a gap 
between the contact surface 50c and the first major surface 
100a as a result, and thus the light extraction efficiency is 
reduced more. 

0114. On the other hand, in the semiconductor light emit 
ting device 110 of the embodiment, in which the irregularity 
parts 12p are not provided on the first major surface 100a on 
the contact surface 50c, it is possible to design the thickness 
of the first semiconductor layer 10 on the contact surface 50c 
to be small. Herewith, a structure is obtained in which it is 
hard for emission light to enter the gap between the contact 
surface 50c and the first major surface 100a. 
0115 Furthermore, in the stacked structure body 100, the 
above-mentioned gap is the thinnest part in the structure. By 
not providing the irregularity parts 12p in this part, it is 
possible to improve mechanical strength of the semiconduc 
tor light emitting device 110. 
0116. In the manufacturing method described above, after 
forming the irregularity parts 12p, the dielectric 45 on the first 
part 11 shown in FIG. 9B is removed, but it may also be 
possible to leave and not remove the dielectric 45 on the first 
part 11. By doing so, it is possible to omit the process of 
removing the dielectric 45 and to make an attempt to simplify 
the manufacturing process. Furthermore, it is possible to 
improve the electrical characteristics, light extracting effi 
ciency, and reliability by covering the region in which the 
second semiconductor layer 20 and the light emitting layer 30 
are removed to prevent the n-side electrode from being dam 
aged by chemical processing Such as alkali processing 
through a through transition included within the first semi 
conductor layer 10. 

Second Embodiment 

0117 FIGS. 10A and 10B are schematic cross-sectional 
views illustrating the configuration of semiconductor light 
emitting devices according to a second embodiment. 
0118. That is, FIG. 10A illustrates a semiconductor light 
emitting device (I) according to the second embodiment and 
FIG. 10B illustrates a semiconductor light emitting device 
(II) according to the second embodiment. 
0119. As shown in FIGS. 10A and B, in semiconductor 
light emitting devices 120 and 121, the contact part 51 and the 
bonding metal part 53 in the first electrode 50 are provided 
integrally. 
0120 That is, in the semiconductor light emitting devices 
120 and 121, the contact part 51 and the bonding metal part 53 
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are formed integrally by the same material. As the contact part 
51 and the bonding metal part 53, for example, a material 
including Al is used. 
I0121 The semiconductor light emitting device 120 shown 
in FIG. 10A differs from the semiconductor light emitting 
device 121 shown in FIG. 10B in the depths of the recess part 
100t and a recess part 100t' provided in the stacked structure 
body 100. The recess part 100t of the semiconductor light 
emitting device 120 is the same as the recess part 100t of the 
semiconductor light emitting device 110. The first electrode 
50 in which the contact part 51 and the bonding metal part 53 
are provided integrally is embedded in the recess part 100t 
and at the same time, formed along the second major Surface 
100b on the side of the second major surface 100b via the 
insulating layer 40. 
0.122 The recess part 100t' of the semiconductor light 
emitting device 121 shown in FIG. 10B is shallower than the 
recess part 100t. That is, the bottom part of the recess part 
100t' is provided in the vicinity of the boundary between the 
light emitting layer 30 and the first semiconductor layer 10. 
By making the recess part 100t' shallower, it becomes easier 
to embed the first electrode 50. It is also possible to reduce the 
thickness of the first electrode 50 and to make an attempt to 
thin the whole of the semiconductor light emitting device 
121. 

Third Embodiment 

(0123 FIGS. 11A and 11B are schematic cross-sectional 
views illustrating the configuration of a semiconductor light 
emitting device according to a third embodiment. 
0.124. That is, FIG. 11A illustrates a semiconductor light 
emitting device (I) according to the third embodiment and 
FIG. 11B illustrates a semiconductor light emitting device 
(II) according to the third embodiment. 
0.125. As shown in FIGS. 11A and 11B, in semiconductor 
light emitting devices 130 and 131, as the first electrode 50, an 
intermediate metal layer 55 is provided between the bonding 
metal part 53 and the insulating layer 40. 
I0126. In the semiconductor light emitting device 130 
shown in FIG. 11A, the intermediate metal layer 55 is pro 
vided so as to extend along the insulating layer 40 from the 
contact part 51. The contact part 51 is a part of the interme 
diate metal layer 55. The bonding metal part 53 is provided 
via the intermediate metal layer 55. As the intermediate metal 
layer 55, a material by which favorable contact with the first 
semiconductor layer 10 and the bonding metal part 53 can be 
obtained is used. 

I0127. The intermediate metal layer 55 is formed so as to 
cover the insulating layer 40 and an exposed part 100e after 
forming the insulating layer 40 and an opening in the exposed 
part 100e as shown in FIG. 7C. After that, the bonding metal 
part 53 is formed on the intermediate metal layer 55. 
I0128. In the semiconductor light emitting device 131 
shown in FIG. 11B, a part of the intermediate metal layer 55 
is in contact with the contact part 51. The intermediate metal 
layer 55 is provided so as to extend along the insulating layer 
40 from the contact position with the contact part 51. The 
bonding metal part 53 is provided via the intermediate metal 
layer 55. As the intermediate metal layer 55, a material by 
which favorable contact with the contact part 51 and the 
bonding metal part 53 can be obtained is used. 
I0129. The intermediate metal layer 55 is formed so as to 
cover the insulating layer 40 and the contact part 51 after 
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forming the contact part 51 as shown in FIG. 7C. After that, 
the bonding metal part 53 is formed on the intermediate metal 
layer 55. 
0130. In the semiconductor light emitting devices 130 and 
131, the intermediate metal layer 55 is provided, and thus it is 
made possible to improve electrical conduction and mechani 
cal bonding between the contact part 51 and the bonding 
metal part 53. 

Fourth Embodiment 

0131 FIGS. 12 and 13 are schematic cross-sectional 
views illustrating the configuration of a semiconductor light 
emitting device according to a fourth embodiment. 
0132 FIG. 12 is a schematic cross-sectional view when 
viewed in the direction of a B-B' arrow in FIG. 13. 
0.133 FIG. 13 is a schematic plan view of a semiconductor 
light emitting device according to the fourth embodiment. 
0134. As shown in FIG. 12 and FIG. 13, in a semiconduc 
tor light emitting device 140 according to the embodiment, 
the second electrode 60 has a bonding metal part (second 
bonding metal part) 67, which is a part of the second electrode 
60, and a contact part (second contact part) 68that comes into 
contact with the second semiconductor layer 20 of the stacked 
structure body 100 on the support substrate 70. 
0135) In the recess part 100t in the second major surface 
100b of the stacked structure body 100, the first electrode 50 
is provided. The first electrode 50 extends to the outside of the 
stacked structure body 100 and part thereofis exposed. On the 
exposed part, the pad 55 is provided. 
0136. A part of the bonding metal part 67 of the second 
electrode 60 overlaps the first electrode 50. Between the 
bonding metal part 67 and the first electrode 50, the insulating 
layer 40 is provided. In the embodiment, the side of the first 
electrode 50, which comes into contact with the first semi 
conductor layer 10, is referred to as a contact part (first contact 
part). Meanwhile, in FIG. 13, the schematic representation of 
the dielectric 45 is omitted. 
0.137 An example of a method for manufacturing the 
semiconductor light emitting device 140 as described above 
will be described. 
0138 First, the stacked structure body 100 is formed on 
the growth substrate 80. This is the same as that in the first 
embodiment. 
0139 Next, the recess part 100t is formed in a part of the 
stacked structure body 100. The recess part 100t reaches the 
first semiconductor layer 10 from the second major surface 
100b of the stacked structure body 100. Herewith, the first 
semiconductor layer 10 is exposed on the bottom part of the 
recess part 100t. 
0140 Next, the first electrode 50 that comes into contact 
with the first semiconductor layer 10 is formed. As the first 
electrode 50, first, a Ti/Al/Ni/Austacked film, which forms an 
ohmic electrode, is formed in a film thickness of, for example, 
300 nm on the surface of the exposed first semiconductor 
layer 10 and sinterprocessing is performed for five minutes at 
600° C. in a nitrogen atmosphere. Next, on the ohmic elec 
trode, as the bonding metal for electric current diffusion and 
to the pad and the adhesion metal to the insulating layer, for 
example, a Ti/Au/Tistacked film is formed in a film thickness 
of for example, 400 nm. 
0141 Next, the insulating layer 40 is formed so as to cover 
the first electrode 50 and the recess part 100t. As the insulat 
ing layer 40, for example, SiO is formed into a film in a 
thickness of 800 nm. 
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0.142 Next, in order to formap electrode having the ohmic 
characteristics, the insulating layer 40 on the second semi 
conductor layer 20 is removed. Then, a Ag/Pt stacked film, 
which forms an ohmic electrode, is formed thereon in a film 
thickness of, for example, 200 nm and sinter processing is 
performed for one minute at 400° C. in an oxygen atmo 
sphere, and thus, the contact part 69 of the second electrode 
60 is formed. 
0.143 Next, on the entire surface on which the contact part 
69 and the insulating layer 40 are exposed, as the bonding 
metal part 67, for example, a Ti/Pt/Austacked film is formed 
in a film thickness of, for example, 800 nm. 
0144. Next, the support substrate 70 made of, for example, 
Ge is prepared. On the major surface of the support substrate 
70, for example, solder (not shown schematically) of AuSn 
alloy in a film thickness of 3 um is provided. Then, the 
bonding metal part 67 and the solder are arranged facing each 
other and heated to a temperature equal to or higher than the 
eutectic point of the solder, for example 300° C. Herewith, the 
support substrate 70 is bonded to the side of the second major 
surface 100b of the stacked structure body 100. 
0145 Then, the stacked structure body 100 is irradiated 
with the laser light LSR of triple harmonics (355 nm) or 
quadruple harmonics (266 mm) of the solid-state laser of for 
example, YVO from the side of the growth substrate 80. 
0146 Then, by hydrochloric acid processing etc., the 
decomposed GaN is removed and the growth substrate 80 is 
peeled off from the stacked structure body 100. Herewith, the 
growth substrate 80 and the stacked structure body 100 are 
separated. 
0147 Next, the formation of irregularity and of the pad 65 

is carried out on the first major surface 100a of the stacked 
structure body 100. 
0148 First, a part of the stacked structure body 100 is 
removed by dry etching and a part of the first electrode 50 (the 
leader part 63) is exposed. Next, on the entire surface of the 
first major surface 100a of the stacked structure body 100, the 
dielectric 45 is formed and an opening is provided in part 
thereof. As the dielectric 45, for example, SiO is used. The 
film thickness of the dielectric 45 is, for example, 800 nm. 
From the opening of the dielectric 45, for example, the sur 
face of the non-doped GaN buffer layer is exposed. 
0149 Next, using the dielectric 45 in which the opening is 
provided as a mask, the surface of the non-doped GaN buffer 
layer is processed by alkali etching using, for example, a 
KOH solution and the irregularity parts 12p are formed. As 
the etching conditions, for example, 1 mol/L KOH solution is 
heated to 80° C. and etching is performed for 20 minutes. 
After that, the dielectric 45 left on the first part 11 may be 
removed. 

0150. As described above, in the part of the dielectric 45, 
in which the opening is provided, the irregularity parts 12p are 
formed. That is, the second part 12 including the irregularity 
parts 12p is formed. On the other hand, in the partin which the 
dielectric 45 is provided, the irregularity parts 12p are not 
provided. That is, the part of the first major surface 100a, on 
which the dielectric 45 is provided, forms the first part 11 
flatter than the second part 12. It should be noted that the first 
part 11 and the second part 12 may be provided in the Si 
doped n-type GaN contact layer. 
0151. Then, apart of the dielectric 45 that covers the leader 
part is removed and the pad 55 is formed in that region. As the 
pad 55, for example, a Ti/Pt/Austacked film is used. The film 
thickness of the pad 65 is, for example, 800 nm. To the pad 55. 
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a bonding wire is connected. It is desirable to form Au thick 
(for example, 10um) by, for example, plating, on the Surface 
of the pad 55 in order to improve bonding characteristics. 
0152. After that, the support substrate 70 is cut by cleavage 
or using a diamond blade etc. according to the necessity. 
Herewith, the semiconductor light emitting device 140 is 
completed. 
0153. In the semiconductor light emitting device 140 
according to the fourth embodiment, the second electrode 60 
and the support substrate 70 are connected via a metal layer, 
and thus heat generated in the light emitting layer 30 is dis 
sipated to the support substrate 70 via the metal layer. Here 
with, heat dissipation characteristics are excellent and the 
thermal resistance is low, and thus it is possible to Suppress a 
rise in temperature caused by an increase in electric current. 
Herewith, it is possible to increase power to be applied to each 
device and to simplify the heat dissipating material, and thus 
it is made possible to reduce the size, weight, and cost of the 
semiconductor light emitting apparatus using the semicon 
ductor light emitting device 140. 
0154 It is necessary for the insulating layer 40 formed as 
an interlayer insulating layer between the first electrode 50 
and the second electrode 60 to cover the whole of the metal 
layer (the second electrode 60 in the first embodiment, the 
first electrode 50 in the fourth embodiment). When there is a 
step in the metal layer, more excellent coverage for the metal 
layer is obtained by forming the dielectric film at as high a 
temperature as possible. 
0155. Furthermore, in the semiconductor light emitting 
device 140 according to the fourth embodiment, the insulat 
ing layer 40, which forms the interlayer insulating layer, is 
formed in the first electrode 50 having been subjected to sinter 
processing at a comparatively high temperature, and thus it is 
possible to form the dielectric film at a sufficiently high 
temperature. Herewith, a wide design margin can be secured 
for coverage, and thus it is possible to improve yields and to 
reduce the cost. 

0156 FIG.14 is a schematic cross-sectional view illustrat 
ing the configuration of a semiconductor light emitting appa 
ratus using the semiconductor light emitting device according 
to the embodiment. 

0157. In the specific example, the semiconductor light 
emitting device 110 according to the first embodiment is 
used, but in the semiconductor light emitting apparatus, the 
semiconductor light emitting devices 120, 121, 130, and 131 
according to the other embodiments can also be used. 
0158. A semiconductor light emitting apparatus 500 is a 
white LED that combines the semiconductor light emitting 
device 110 and a fluorescent material. That is, the semicon 
ductor light emitting apparatus 500 according to the embodi 
ment comprises the semiconductor light emitting device 110 
and the fluorescent material that absorbs light emitted from 
the semiconductor light emitting device 110 and emits light 
having a wavelength different from that of the light. 
0159. As shown in FIG. 14, in the semiconductor light 
emitting apparatus 500 according to the embodiment, a 
reflection film 73 is provided on the inner surface of a vessel 
72 made of ceramic etc. The reflection film 73 is provided 
separately on the inner surface and the bottom surface of the 
vessel 72. The reflection film 73 is made of for example, 
aluminum. On the reflection film 73 provided on the bottom 
part of the vessel 72, the semiconductor light emitting device 
110 is installed via a submount 74. 
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0160 The side of the first major surface 100a of the semi 
conductor light emitting device 110 faces upward and the 
back surface of the support substrate 70 is fixed on the sub 
mount 74 using, for example, low temperature solder. It is 
also possible to use an adhesive to fix the semiconductor light 
emitting device 110, the submount 74, and the reflection film 
73. 

0.161. On the surface of the submount 74 on the side of the 
semiconductor light emitting device 110, an electrode 75 is 
provided. The support substrate 70 of the semiconductor light 
emitting device 110 is mounted on the electrode 75. Here 
with, the electrode 75 is brought into conduction with the first 
electrode 50 via the support substrate 70. The pad 65 is 
connected to an electrode, not shown schematically, provided 
on the side of the vessel 72 by a bonding wire 76. The con 
nection is made at the part between the reflection film 73 on 
the inner surface and the reflection film 73 on the bottom 
Surface. 

0162. Furthermore, a first fluorescent material layer 81 
including a red fluorescent material is provided so as to cover 
the semiconductor light emitting device 110 and the bonding 
wire 76. On the first fluorescent material layer 81, a second 
fluorescent material layer 82 including a blue, green, or yel 
low fluorescent material is formed. On the fluorescent mate 
rial layer, a lid part 77 made of silicone resin etc. is provided. 
0163 The first fluorescent material layer 81 includes a 
resin and a red fluorescent material dispersed in the resin. As 
a red fluorescent material, for example, Y.O.YVO, Y(P. 
V)O can be used as a base material and trivalent Eu(Eu") is 
included therein as an activator. That is, it is possible to use 
YO:Eu", YVO:Eu", etc., as a red fluorescent material. 
The concentration of Eu" can be set to 1% to 10% in mol 
concentration. 

(0164. As the base material of the red fluorescent material, 
LaOS, Y(P. V)O, etc., can be used in addition to YO. 
YVO. Furthermore, Mn" etc. can also be used in addition to 
Eu". In particular, by adding a small amount of Bialong with 
trivalent Eu to the YVO base material, the absorption of 380 
nm is increased, and thus it is possible to further increase light 
emission efficiency. Furthermore, as a resin, for example, a 
silicone resin can be used. 

0.165. The second fluorescent material layer 82 includes a 
resin and at least any of blue, green, and yellow fluorescent 
materials dispersed in the resin. For example, it may also be 
possible to use a fluorescent material that combines a blue 
fluorescent material and a green fluorescent material, a fluo 
rescent material that combines a blue fluorescent material and 
a yellow fluorescent material, and a fluorescent material that 
combines a blue fluorescent material, a green fluorescent 
material, and a yellow fluorescent material. 
0166 As the blue fluorescent material, for example, (Sr, 
Ca)(PO4)Cl:Eu" and BaMg,AlO:Eu" can be used 
0.167 As a green fluorescent material, for example, 
YSiO3:Ce" with trivalent Tb as an emission center, Tb" 
can be used. In this case, energy is transferred from Ce ions to 
Tb ions, and thus the excitation efficiency is improved. As a 
green fluorescent material, for example, SrAl Os:Eu" can 
be used. 

0.168. As a yellow fluorescent material, for example, 
YAls:Ce" can be used. 
0169. As a resin, for example, a silicone resin can be used. 
In particular, trivalent Tb exhibits sharp emission in the vicin 
ity of 550 nm at which the visual sensitivity is at its maximum, 



US 2015/0333224 A1 

and thus, if combined with sharp red emission of the trivalent 
Eu, the emission efficiency is improved remarkably. 
0170 According to the semiconductor light emitting 
apparatus 500 according to the embodiment, ultraviolet light 
having a wavelength of for example, 380 nm, generated from 
the semiconductor light emitting device 110 is emitted in the 
upward and lateral directions of the semiconductor light emit 
ting device 110. Furthermore, by the ultraviolet light reflected 
from the reflection film 73, the above-mentioned fluorescent 
material included in each of the fluorescent material layers is 
excited efficiently. For example, the above-mentioned fluo 
rescent material with the trivalent Eu included in the first 
fluorescent material layer 81 as an emission center is con 
Verted into light having a narrow wavelength distribution in 
the vicinity of 620 nm. Herewith, it is possible to efficiently 
obtain red visible light. 
0171 By the excitation of the blue, green, and yellow 
fluorescent materials included in the second fluorescent mate 
rial layer 82, it is possible to efficiently obtain blue, green, and 
yellow visible light. Furthermore, it is possible to obtain 
white light, light in various colors as mixed colors with high 
efficiency and excellent color rendering properties. 
0172 According to the semiconductor light emitting 
apparatus 500, it is possible to obtain light in a desired color 
with a high efficiency. 
0173 As described above, according to the semiconductor 
light emitting devices 110, 120, 121, 130, and 131 according 
to the embodiments, it is possible to improve light extraction 
efficiency. 
0174 The embodiments and their modifications are 
described as above, but the invention is not limited to these 
examples. 
0175 For example, as a method for forming the stacked 
structure body 100, other techniques, such as the molecular 
beam epitaxial growth method, can be used in addition to the 
organic metal vapor phase epitaxy growth method. Further 
more, the material of the support substrate 70 is a material 
having conductivity and not limited to Ge described above. 
As the support substrate 70, a semiconductor substrate, such 
as Si, and a metal plate. Such as Cu, CuW. can be used. 
Furthermore, it is not necessary for the whole of the support 
substrate 70 to have conductivity and a insulating substrate, 
Such as resin, on the Surface of which a conductor, such as a 
metal wire, is formed may be accepted. 
0176 The emission wavelength of the quantum well layer 

is not limited to the above. When a gallium nitride-based 
semiconductor of GanN is used as the quantum well layer, 
emission of 375 nm to 700 nm is obtained. 

0177. The embodiments and their modifications are 
described as above, however, the invention is not limited these 
examples. For example, each of the embodiments and the 
modifications thereof, to/from which one skilled in the art 
appropriately adds/deletes components, or the design of 
which is changed, or those obtained by appropriately com 
bining the features of each embodiment are included in the 
scope of the invention to the extent that the purport of the 
invention is included. 
0178 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
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ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the invention. 
What is claimed is: 
1. A semiconductor light emitting device comprising: 
a stacked structure body including a first conductivity type 

first semiconductor layer, a second conductivity type 
second semiconductor layer facing a part of the first 
semiconductor layer, and a light emitting layer provided 
between the second semiconductor layer and the part of 
the first semiconductor layer, and having a first major 
Surface on a side of the first semiconductor layer and a 
second major Surface on a side of the second semicon 
ductor layer; 

a first electrode having a first contact part coming into 
contact with the first semiconductor layer on a side of the 
second major Surface; and 

a second electrode having a part coming into contact with 
the second semiconductor layer on the second major 
Surface, 

the first major Surface having a first part and a second part, 
the first part having a part overlapping a contact surface 
with the first semiconductor layer in the first contact part 
when viewed in a stacking direction from the first semi 
conductor layer toward the second semiconductor layer, 
the second part having a part overlapping the second 
semiconductor layer when viewed in the stacking direc 
tion, 

the second part having irregularity, the pitch of the irregu 
larity being longer than a peak wavelength of emission 
light emitted from the light emitting layer, and 

the first part having Smaller irregularity than the second 
part. 

2. The device according to claim 1, wherein 
the pitch of the irregularity of the first part is shorter than 

the peak wavelength of the emission light. 
3. The device according to claim 1, wherein 
an outer edge of the first part when viewed in the Stacking 

direction is located outside an outer edge of the contact 
Surface when viewed in the stacking direction. 

4. The device according to claim 3, wherein 
reflectance to the emission light of the contact Surface is 

lower than reflectance to the emission light of the surface 
facing the second semiconductor layer of the second 
electrode. 

5. The device according to claim 1, further comprising a 
dielectric layer that covers the first part. 

6. The device according to claim 1, wherein 
the stacked structure body has a recess part reaching the 

first semiconductor layer from the second major Surface, 
and the first electrode comes into contact with the first 
semiconductor layer on a bottom Surface of the recess 
part. 

7. The device according to claim 1, wherein 
the first semiconductor layer, the light emitting layer, and 

the second semiconductor layer include a nitride semi 
conductor. 

8. The device according to claim 1, wherein 
the peak wavelength of the emission light is 370 nanom 

eters or more and 400 nanometers or less. 
9. The device according to claim 1, wherein 
the first electrode has a first bonding metal part, the first 

bonding metal part having a part being electrically con 
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nected to the first contact part, the first bonding metal 
part overlapping the second semiconductor layer when 
viewed in the stacking direction, and 

further includes an insulating layer provided between the 
first bonding metal part and the second electrode 
between the first bonding metal part and the second 
semiconductor layer. 

10. The device according to claim 1, wherein 
the second electrode has a second contact part and a second 

bonding metal part, the second contact part coming into 
contact with the second semiconductor layer on the sec 
ond major Surface, the second bonding metal part having 
a part being electrically connected to the second contact 
part, the second bonding metal part overlapping the first 
electrode when viewed in the stacking direction, and 

further includes an insulating layer provided between the 
second bonding metal part and the first electrode and 
between the second bonding metal part and the first 
semiconductor layer. 

11. The device according to claim 10, further comprising a 
Support Substrate, 

the Support Substrate being connected to the second bond 
ing metal part. 

12. The device according to claim 1, wherein 
the first contact part and the first bonding metal part are 

provided integrally. 
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13. The device according to claim 12, wherein 
the first contact part and the first bonding metal part are 

based on a material including aluminum. 
14. The device according to claim 1, further comprising: a 

plurality of the first electrodes, 
when viewed in the stacking direction, the plurality of the 

first electrodes being arranged in a matrix configuration. 
15. The device according to claim 1, wherein 
when viewed in the stacking direction, a shape of the first 

contact part and a shape of the first part are concentric, 
and 

if a diameter in the shape of the first contact part is danda 
thickness from the first contact part to the first part along 
the stacking direction of the stacking structure body is h, 
tan' (h/d)>30 degrees is satisfied. 

16. The device according to claim 1, wherein 
the irregularity of the second part is twice or more in length 

of the peak wavelength of the emission light. 
17. The device according to claim 1, wherein 
the irregularity of the second part is ten times or more in 

length of the peak wavelength of the emission light. 
18. The device according to claim 1, wherein 
a surface of the irregularity of the second part is a Surface 

etched along the crystal surface orientation of the first 
semiconductor layer. 

19. The device according to claim 1, wherein 
the second electrode includes silver. 
20. The device according to claim 1, wherein 
a shape of a protrusion part in the irregularity of the second 

part is a hexagonal pyramid. 
k k k k k 


