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(57) ABSTRACT 

A cap layer of GaN about 140 A thick and a p-type clad layer 
of Mg-doped p-type AlGaN (x=0.12) about 200 A thick 
are formed successively on an MOW active layer about 230 
A thick. A p-type contact layer of Mg-doped p-type 
AlGay N (y=0.05) about 600 A thick is further formed 
thereon. These composition ratioS X and y are Selected to 
satisfy the expression “0.03 s ().3xsys 0.5xs 0.08”, so that 
the composition of the p-type contact layer becomes close to 
the composition of the p-type clad layer. 
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GROUP III NITRIDE COMPOUND 
SEMCONDUCTOR LIGHT-EMITTING DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a group III nitride 
compound Semiconductor light-emitting device having a 
light emission output of high light intensity. 
0003. The present application is based on Japanese Patent 
Application No. Hei. 11-090718, which is incorporated 
herein by reference. 
0004 2. Description of the Related Art 
0005. A device of a double heterostructure for emitting 
green or blue light is known as a light-emitting device 
comprising layers of group III nitride compound Semicon 
ductors laminated on a Substrate. For example, a light 
emitting device with a p-type clad layer made of AlGaN 
(0<x<1) is generally known. In this type light-emitting 
devices, a p-type contact layer was generally heretofore 
made of gallium nitride (GaN). 
0006 When a p-type contact layer made of gallium 
nitride (GaN) was grown on a p-type clad layer made of 
AlGaN (0<x<1), the difference both in layer thermal 
expansion coefficient and in crystal lattice constant between 
the p-type clad layer and the p-type contact layer increased 
as the value of the composition ratio X increased. 
0007) If the difference in crystal lattice constant between 
the two layers became large, the p-type contact layer was 
hardly grown as a layer of good quality. This caused 
reduction in intensity of emitted light. 
0008. On the other hand, if the difference in thermal 
expansion coefficient between the two layers became large, 
distortion due to the difference in thermal expansion coef 
ficient was caused in an epitaxial wafer when the tempera 
ture was decreased from a high temperature to a room 
temperature after crystal growth. As a result, StreSS remained 
in the epitaxial wafer, So that this caused reduction in 
intensity of emitted light. 

SUMMARY OF THE INVENTION 

0009. The present invention is designed to solve the 
aforementioned problem and an object thereof is to provide 
a light-emitting device of highlight intensity by eliminating 
the disadvantage caused by the difference both in thermal 
expansion coefficient and in lattice constant between the 
aforementioned two layers. 
0.010 The following means are effective for solving the 
problem. 

0.011 That is, as a first means, there is provided a 
Semiconductor light-emitting device comprising layers of 
group III nitride compound SemiconductorSlaminated on a 
Substrate, and a p-type clad layer of AlGaN (0<x<1), is 
in that the device further comprises a p-type contact layer 
made of AlGaN (0<y<x) which is lower in the compo 
Sition ratio of aluminum (Al) than the p-type clad layer. 
0012. As a second means, preferably, in the first means, 
the p-type contact layer is made of AlGai-N 
(0.1xsys 0.7x). More preferably, the value of the compo 
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Sition ratio y of aluminum (Al) in the p-type contact layer is 
approximately in the range “0.4xsys 0.5x”. 
0013 As a third means, preferably, in first means, the 
p-type contact layer is made of AlGaN (0.01 sys0.12). 
More preferably, the absolute value of the composition ratio 
y of aluminum (Al) in the p-type contact layer is approxi 
mately in the range “0.03 sys 0.08”. 
0014. As a fourth means, preferably, in any one of the 

first, second and third means, the thickness of the p-type 
contact layer is Selected to be in a range of from 200 A to 
1000 A both inclusively. More preferably, the thickness of 
the p-type contact layer is Selected to be in a range of from 
500A to 800 A both inclusively. 
0015 The aforementioned problem can be solved by the 
above means. 

0016 Incidentally, the group III nitride compound semi 
conductors according to the present invention are repre 
sented by the general formula Al-Ga, In-N (0sxs 1, 
0sys 1,0s x+ys 1), which may further contain group III 
elements such as boron (B) and thallium (Tl) and in which 
the nitrogen (N) may be partially replaced by phosphorus 
(P), arsenic (As), antimony (Sb) or bismuth (Bi). 
0017 Accordingly, each of layers such as a buffer layer, 
a barrier layer, a well layer, a clad layer, a contact layer, an 
intermediate layer, a cap layer, etc. in the group III nitride 
compound Semiconductor light-emitting device may be 
made of quaternary, ternary or binary AlGaIn-N 
(0sXs 1,0sys 1,0s x+ys 1), Such as AlGaN, InCaN, or 
the like, of an optional crystal mixture ratio. 
0018 Further, a metal nitride compound such as titanium 
nitride (TiN), hafnium nitride (HfN), or the like, or a metal 
oxide compound Such as Zinc oxide (ZnO), magnesium 
oxide (MgO), manganese oxide (MnO), or the like, other 
than the aforementioned group III nitride compound Semi 
conductor may be used as the buffer layer. 
0019 Further, a group II element such as beryllium (Be), 
Zinc (Zn), or the like, other than magnesium (Mg) may be 
used as the p-type impurities. 
0020) Further, the n-type semiconductor layer may be 
formed by doping the aforementioned group III nitride 
compound Semiconductor with a group IV element Such as 
Silicon (Si), germanium (Ge), or the like, or with a group VI 
element. 

0021 Further, silicon carbide (SiC), Zinc oxide (ZnO), 
magnesium oxide (MgO), manganese oxide (MnO), or the 
like, other than Sapphire may be used as the Substrate for 
crystal growth. 

0022. According to the means of the present invention, 
the composition of the p-type contact layer becomes close to 
that of the p-type clad layer. Hence, the difference in crystal 
lattice constant between the two layerS is reduced, So that the 
p-type contact layer of good quality can be grown. Hence, 
the intensity of light emitted from the light-emitting device 
is improved. 

0023. According to the means of the present invention, 
the difference in thermal expansion coefficient between the 
two layerS is reduced as well. Hence, StreSS remaining in the 
epitaxial wafer is reduced, So that the intensity of emitted 
light is improved. 
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0024. When a p-type contact layer of AlGa-N 
(0<y<X), which is lower in the composition ratio of alumi 
num (Al) than a p-type clad layer of AlGa(0<Xs 1), is 
grown on the p-type clad layer, the value of the composition 
ratio y of aluminum (Al) is selected to be preferably approxi 
mately in the range “0.1xsys 0.7x', more preferably in the 
range “0.4xsys 0.5x”. If the value of the composition ratio 
y in the p-type contact layer is too large, contact resistance 
between the positive electrode and the p-type contact layer 
increases, undesirably resulting in an increase in the drive 
Voltage of the light-emitting device. If the value of the 
composition ratio y is too small, it is difficult to obtain the 
aforementioned operation and effect of the present invention 
because the composition of the p-type contact layer is not 
close to that of the p-type clad layer. 
0.025 For the same reason as described above, the abso 
lute value of the composition ratio y of aluminum (Al) in the 
p-type contact layer is also Selected to be preferably approxi 
mately in the range “0.01 sys 0.12”, more preferably in the 
range “0.03 sys 0.08”. More in detail, the group III nitride 
compound Semiconductor light-emitting device exhibits the 
highest intensity of emitted light particularly when the 
absolute value of the composition ratio y is about 0.05. 
0026. Though will be described later in detail, there is a 
Strong correlation between the light emission output of the, 
light-emitting device and the thickness of the p-type contact 
layer as shown in FIG. 2. Hence, the thickness of the p-type 
contact layer is preferably in a range of from 200 A to 1000 
A both inclusively. More preferably, the thickness of the 
p-type contact layer is in a range of from 500 A to 800 A 
both inclusively. When the thickness of the p-type contact 
layer is in this range, the light emission output of the 
light-emitting device exhibits a large value. Further, the 
group III nitride compound Semiconductor light-emitting 
device according to the present invention exhibits the high 
est intensity of emitted light particularly when the thickneSS 
of the p-type contact layer is about 600 A. 
0.027 Features and advantages of the invention will be 
evident from the following detailed description of the pre 
ferred embodiments described in conjunction with the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028) 
0029 FIG. 1 is a typical sectional view of a wire bonding 
type group III nitride compound Semiconductor light-emit 
ting device 100 according to the present invention; 
0030 FIG. 2 is a graph showing a correlation between 
the light emission output of the light-emitting device accord 
ing to the present invention and the thickness of a p-type 
contact layer, and 
0.031 FIG. 3 is a typical sectional view of a flip chip type 
group III nitride compound Semiconductor light-emitting 
device 200 according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.032 The present invention will be described hereunder 
on the basis of specific embodiments thereof. 
0033) (First Embodiment) 
0034 FIG. 1 is a sectional view showing a wire bonding 
type Semiconductor light-emitting device 100 according to 

In the accompanying drawings: 
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the present invention. Abuffer layer 102 of aluminum nitride 
(AIN) about 200 A thick is provided on a sapphire substrate 
101. An n layer 103 of a high carrier density, which is made 
of GaN doped with silicon (Si) and which is about 4.0 um 
thick, is formed on the buffer layer 102. 

0035 An intermediate layer 104 of non-doped 
Inoo, Gaolo, N about 2000 A thick is formed on the high 
carrier density N* layer 103. 

0036) An n-type clad layer 105 of GaN about 150 A thick 
is further laminated the intermediate layer 104. An MOW 
active layer 160 of a multilayer quantum well (MQW) 
Structure, which is formed by alternately laminating well 
layers 161 of Gaos.In N about 30 A thick each and barrier 
layers 162 of GaN about 70 A thick each, is further formed 
on the n-type clad layer 105. That is, three well layers 161 
and two barrier layers 162 are laminated alternately to 
thereby form an MOW structure which has a film thickness 
of about 230 A and which is composed of five layers in total 
with two cycles. 

0037) A cap layer 107 of GaN about 140 A thick and a 
p-type clad layer 108 of p-type AloGaossN about 200 A 
thick are formed successively on the MOW active layer 160. 
A p-type contact layer 109 of p-type AloosGaoosN about 
600 A thick is further formed on the p-type clad layer 108. 
0038 Further, a light-transmissible thin-film positive 
electrode 110 is formed on the p-type contact layer 109 by 
metal evaporation whereas a negative electrode 140 is 
formed on the N layer 103. The light-transmissible thin 
film positive electrode 110 is composed of a thin-film 
positive electrode first layer 111 of cobalt (Co) about 15 A 
thick joined to the p-type contact layer 109, and a thin-film 
positive electrode second layer 112 of gold (Au) about 60 A 
thick joined to the Co. 

0039. A thick-film positive electrode 120 is formed by 
Successively laminating a thick-film electrode first layer 121 
of vanadium (V) about 175 A thick, a thick-film electrode 
second layer 122 of gold (Au) about 15000 A thick and a 
thick-film electrode third layer 123 of aluminum (Al) about 
100 A thick on the light-transmissible thin-film positive 
electrode 110. The negative electrode 140 of a multilayer 
Structure is formed by Successively laminating a vanadium 
(V) layer 141 about 175 A thick and an aluminum (AI) layer 
142 about 1.8 um thick on a partly exposed portion of the 
high carrier density N layer 103. 

0040. Further, a protective film 130 constituted by an 
SiO, film is formed as the uppermost portion. Further, a 
reflection metal layer 150 of aluminum about 5000 A thick 
is formed as the opposite lowermost portion on the bottom 
surface of the Sapphire substrate 101 by metal evaporation. 

0041. A method for producing the light-emitting device 
100 will be described below. 

0042. The aforementioned light-emitting device 100 was 
produced by vapor phase growth according to a metal 
organic vapor phase epitaxy method (MOVPE method). The 
gasses used were ammonia (NH), carrier gas (H2, N), 
trimethylgallium (Ga(CH)) (hereinafter referred to as 
“TMG”), trimethylaluminum (Al(CH)) (hereinafter 
referred to as “TMA”), trimethylindium (InCCH)) (here 
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inafter referred to as “TMI’), silane (SiH), and cyclopen 
tadienylmagnesium (Mg(C5H5)2) (hereinafter referred to as 
“CPMg”). 
0.043 First, a single-crystal Sapphire Substrate 101 having 
a face a cleaned by an organic cleaning proceSS as a main 
face was attached to a Susceptor placed in a reaction cham 
ber of an MOVPE apparatus. Then, the substrate 101 was 
baked at a temperature of 1150 C. while H was introduced 
into the reaction chamber under normal atmospheric pres 
SUC. 

0044) Then, a buffer layer 102 of AIN about 200 A thick 
was formed by decreasing the temperature of the Substrate 
101 to 400° C. and by supplying H, NH and TMA. 
0045. Then, a high carrier density N* layer 103, which 
was made of GaN doped with silicon (Si) and which had a 
film thickness of about 4.0 um and an electron density of 
2x10"/cm, was formed by increasing the temperature of 
the substrate 101 to 1150° C. and by supplying H, NH, 
TMG, and silane. 

(0046) Then, an intermediate layer 104 of Indo-Ga,N 
about 2000 A thick was formed by decreasing the tempera 
ture of the substrate 101 to 850 C. and by Supplying either 
N or H, NH, TMG and TMI. 

0047. After the intermediate layer 104 was formed, an 
n-type clad layer 105 of GaN about 150 A thick was formed 
by keeping the temperature of the Substrate 101 at 850 C. 
and by supplying either N or H, NH and TMG. 

(0.048. Then, a well layer 161 of Gaos.In N about 30 A 
thick was formed by supplying either N, or H2, NH, TMG 
and TMI. Then, a barrier layer 162 of GaN about 70 A thick 
was formed by supplying either N or H2, NH and TMG. 

0049. Then, a well layer 161, a barrier layer 162 and a 
well layer 161 were further formed successively in the same 
condition as described above to thereby form an MOW 
active layer 160 about 230 A thick with two cycles in total. 

0050) A cap layer 107 of GaN about 140 A thick was 
further formed by supplying either N or H2, NH and TMG. 

0051. Then, a p-type clad layer 108, which was made of 
p-type AloGaoss N doped with magnesium (Mg) and 
which was about 200 A thick, was formed by keeping the 
temperature of the substrate 101 at 1150 C. and by Sup 
plying either N or H, NH, TMG, TMA and CPMg. 

0.052 Then, a p-type contact layer 109, which was made 
of p-type AlosGaosN doped with magnesium (Mg) and 
which was about 600 A thick, was formed by keeping the 
temperature of the substrate 101 at 1100 C. and by Sup 
plying either N or H, NH, TMG, TMA and CPMg. 

0053. Then, an etching mask was formed on the p-type 
contact layer 109. After a predetermined region of the mask 
was removed, the non-masked portion of the p-type contact 
layer 109, the p-type clad layer 108, the MOW active layer 
160, the intermediate layer 104 and a part of the high carrier 
density N layer 103 were etched with a chlorine-containing 
gas by reactive ion etching to thereby expose a Surface of the 
N" layer 103. 
0054) Then, a negative electrode 140 to joined to the N* 
layer 103 and a light-transmissible thin-film positive elec 
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trode 110 to be joined to the p-type contact layer 109 were 
formed by the following procedure. 

0055 (1) After evacuation to a high vacuum of the 
order of 10 Pa or less, a thin-film positive electrode 
first layer 111 of Co about 15 A thick was formed on 
a Surface evenly and a thin-film positive electrode 
second layer 112 of Au about 60 A thick was further 
formed on the thin-film positive electrode first layer 
111 of Coby an evaporation apparatus. 

0056 (2) Then, a photo resist was applied on a 
Surface evenly and then the photo resist laminated on 
the p-type contact layer 109 except the light-trans 
missible thin-film positive electrode 110-forming 
portion was removed by photolithography. 

0057 (3) Then, both Co and Au exposed were 
removed by etching and then the photo resist was 
removed so that the light-transmissible thin-film 
positive electrode 110 was formed on the p-type 
contact layer 109. 

0.058 (4) Then, a photo resist was applied and a 
window was formed in a predetermined region on 
the exposed surface of the N layer 103 by photoli 
thography. After evacuation to a high Vacuum of the 
order of 10 Pa or less, a vanadium (V) layer 141 
about 175 A thick and an aluminum (AI) layer 142 
about 1.8 um thick were formed successively by 
evaporation. Then, the photo resist was removed. AS 
a result, the negative electrode 140 was formed on 
the exposed surface of the N layer 103. 

0059 (5) Then, a heating process for reducing con 
tact resistance between the p-type contact layer 109 
and the light-transmissible thin-film positive elec 
trode 110 was carried out. That is, the atmosphere for 
the Sample was evacuated by a vacuum pump and an 
O gas was Supplied to thereby set a pressure of 10 
Pa. In this condition, heating was performed for 
about 4 minutes to keep the atmospheric temperature 
at about 570° C. 

0060. To form further a thick-film positive electrode 120 
on the light-transmissible thin-film positive electrode 110 
formed by the aforementioned process, a photo resist was 
applied evenly onto the light-transmissible thin-film positive 
electrode 110 and a window was formed in the thin-film 
positive electrode 120-forming portion of the photo resist. 
Then, a vanadium (V) layer 121 about 175 A thick, a gold 
(Au) layer 122 about 15000 A thick and an aluminum (AI) 
layer 123 about 100 A thick were formed on the light 
transmissible thin-film positive electrode 110 successively 
by evaporation. Thus, the thick-film positive electrode 120 
was formed by a lift-off method in the same manner as in the 
Step (4). 
0061 Then, a protective film 130 of SiO, was formed 
evenly on the upward exposed uppermost layer by electron 
beam evaporation, and a window was formed in each of 
portions of the protective film 130 on the thick-film positive 
electrode 120 and the negative electrode 140 by wet etching 
through the application of a photo resist and a photolithog 
raphy process, So that the positive and negative electrodes 
120 and 140 were exposed externally and the windows had 
their areas approximately equal to each other. 
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0.062. In this manner, the light-emitting device 100 was 
formed. Incidentally, the following expressions (1) and (2) 
hold for the p-type clad layer 108 of AlGaN (0<x<1) and 
the p-type contact layer 109 of AlGaN (0<y<x) in the 
light-emitting device 100. 

yfx=0.05/0.12=0.417 (1) 
0.1.x sys0.7x (2) 

0.063. By forming the light-emitting device 100 as 
described above, the composition of the p-type contact layer 
was made relatively close to the composition of the p-type 
clad layer. Hence, the difference in crystal lattice constant 
between the two layerS was reduced, So that the p-type 
contact layer of good quality was able to be grown. Hence, 
the intensity of light emitted from the light-emitting device 
was improved. 

0064. Another reason for improvement in the emitted 
light intensity of the light-emitting device 100 according to 
the present invention compared with the background art was 
that StreSS remaining in the light-emitting device was also 
reduced because the difference in thermal expansion coef 
ficient between the two layers was relatively reduced. 
0065. Although the first embodiment has shown the case 
where the p-type contact layer 109 of AlGa-N 
(y=0.05sx) is grown on the p-type clad layer 108 of 
AlGaN (X=0.12), the value of the composition ratio y of 
aluminum (Al) in the p-type contact layer 109 may be 
Selected to be preferably approximately in the range 
“0.1xsys 0.7x', more preferably approximately in the 
range “0.4xsys 0.5x”. If the value of the composition ratio 
y in the p-type contact layer is too large, contact resistance 
between the positive electrode and the p-type contact layer 
increases, undesirably resulting in increase in the drive 
Voltage of the light-emitting device. If the value of the 
composition ratio y is contrariwise too small, it is difficult to 
obtain the aforementioned operation and effect because the 
composition of the p-type contact layer is not made close to 
the composition of the p-type clad layer. 

0066. The light-emitting device 100 in the first embodi 
ment exhibits high light intensity because these conditions 
are Satisfied Sufficiently. 

0067 For the same reason as described above, the abso 
lute value of the composition ratio y of aluminum (Al) in the 
p-type contact layer 109 is also selected to be preferably 
approximately in the range “0.01 sys 0.12”, more prefer 
ably approximately in the range “0.03 sys 0.08”. 

0068 FIG. 2 is a graph showing a correlation between 
the light emission output of the light-emitting device 100 
according to the present invention and the thickness of the 
p-type contact layer 109. Because there is a strong correla 
tion between the light emission output of the light-emitting 
device and the the thickness of the p-type contact layer as 
shown in FIG. 2, the thickness of the p-type contact layer is 
selected to be preferably in a range of from 200 A to 1000 
A both inclusively, more preferably in a range of from 500 
A to 800 Aboth inclusively. The light emission output of the 
light-emitting device exhibits a large value when the thick 
neSS of the p-type contact layer is in this range. 
0069 Generally in this type group III nitride compound 
Semiconductor light-emitting devices, the original function 
of the p-type contact layer as a p-type low-resistance gallium 
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nitride film containing a dopant for providing acceptors 
becomes insufficient to obtain a high light emission output 
if the p-type contact layer is too thin. 
0070. Or when the p-type contact layer 109 is formed or 
when a heating process Such as annealing, or the like, is 
carried out after the formation of the p-type contact layer 
109, Solid solution may occur between the p-type contact 
layer 109 and the p-type clad layer 108 so that aluminum 
(Al) in the p-type clad layer 108 is eluted into the p-type 
contact layer 109. Hence, if the p-type contact layer 109 is 
too thin, not only is it impossible that the value of the 
composition ratio y of aluminum (Al) in the p-type contact 
layer 109 is set to be in a desired range but also the light 
emission output of the light-emitting device varies largely. 
0071. If the p-type contact layer 109 is contrariwise too 
thick, Strong StreSS is imposed on the p-type clad layer 108 
and layers below the p-type clad layer 108 because the 
thermal expansion coefficient of the p-type contact layer 109 
is different from that of the p-type clad layer 108. If the 
p-type contact layer 109 is too thick, it is also difficult to 
form the p-type contact layer 109 as a desired good-quality 
crystal Structure because dislocation due to lattice mismatch 
ing caused by the difference between crystal lattice constants 
occurs easily in the p-type contact layer 109. 
0072. It is undesirable from the point of view of quality 
that the p-type contact layer 109 is too thick, because both 
reduction in the intensity of emitted light and increase in 
individual variation of the intensity of light emitted from the 
light-emitting devices are brought by these actions. 
0073. It is also apparent from FIG. 2 that the light 
emitting device 100 in the first embodiment can exhibit high 
light intensity because the thickness (600 A) of the p-type 
contact layer 109 satisfies the aforementioned requirement 
sufficiently. 

0.074 (Second Embodiment) 
0075 FIG. 3 is a typical sectional view showing a flip 
chip type Semiconductor light-emitting device 200 accord 
ing to the present invention. A buffer layer 102 of aluminum 
nitride (AIN) about 200 A thick is provided on a sapphire 
substrate 101. An N layer 103 of a high carrier density, 
which is made of GaN doped with silicon (Si) and which is 
about 4.0 um thick, is further formed on the buffer layer 102. 
An intermediate layer 104 of non-doped InooGaolo, N about 
1800 A thick is further formed on the N' layer 103. 

0.076 An n-type clad layer 105 and an MQW active layer 
160, which is composed of GaN layers and Gaos Inc.N 
layers, are further formed on the intermediate layer 104 
Successively in the same manner as in the light-emitting 
device 100 according to the first embodiment. A cap layer 
107 of GaN about 140 A thick and a p-type clad layer 108, 
which is made of Alo, GaossN doped with magnesium 
(Mg) and which is about 200 A thick, are formed on the 
MQW active layer 160 successively. A p-type contact layer 
109 of Mg-doped AllosQasN about 600 A thick is further 
formed on the p-type clad layer 108. 
0077. Further, a multilayer thick-film electrode 220 is 
formed on the p-type contact layer 109 by metal evaporation 
whereas a negative electrode 240 is formed on the N layer 
103. The multilayer thick-film electrode 220 has a three 
layered Structure consisting of a first metal layer 221 joined 
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to the p-type contact layer 109, a second metal layer 222 
formed on an upper face of the first metal layer 221, and a 
third metal layer 223 formed on an upper face of the second 
metal layer 222. 

0078. The first metal layer 221 is a metal layer of 
rhodium (Rh) or platinum (Pt) about 0.3 um thick joined to 
the p-type contact layer 109. The second metal layer 222 is 
a metal layer of gold (Au) about 1.2 um thick. The third 
metal layer 223 is a metal layer of titanium (TI) about 30 A 
thick. 

0079 The negative electrode 240 of a two-layered struc 
ture is formed by Successively laminating a vanadium (V) 
layer 241 about 175 A thick and an aluminum (Al) layer 242 
about 1.8 um thick on the partly exposed portion of the high 
carrier density N* layer 103. 

0080) A protective film 230 constituted by an SiO film is 
formed between the multilayer thick-film positive electrode 
220 and the negative electrode 240 which are formed as 
described above. The protective layer 230 covers, from the 
N" layer 103 exposed for forming the negative electrode 
240, a side face of the MOW active layer 160, a side face of 
the p-type clad layer 108 and a side face of the p-type contact 
layer 109 and a part of the upper face of the p-type contact 
layer 109, which are exposed by etching, and further covers 
a side face of the first metal layer 221, a side face of the 
Second metal layer 222 and a part of the upper face of the 
third metal layer 223. The third metal layer 223-covering 
portion of the protective film 230 constituted by an SiO film 
is 0.5 um thick. 

0081. As described above, a three-layered structure con 
sisting of a first metal layer of rhodium (Rh) or platinum 
(Pt), a Second metal layer of gold (Au), and a third metal 
layer of titanium (Ti) is applied to the multilayer thick-film 
positive electrode 220 in the flip chip type semiconductor 
light-emitting device 200. 

0082 Also when the semiconductor light-emitting device 
200 is configured in the aforementioned manner, a Semicon 
ductor light-emitting device of higher light intensity than the 
background-art device can be achieved like the light-emit 
ting device 100. 

0.083 With respect to a group III nitride compound 
Semiconductor light-emitting device Such as the light-emit 
ting device 100 or 200, or the like, for emitting green light 
in a main wavelength range of from 510 nm to 530 nm, 
experiment has shown that the device exhibits relatively 
high light intensity when the thickness of the p-type clad 
layer 108 is in a range of from 100 A to 500 A. More 
preferably, the thickness of the p-type clad layer 108 is in an 
optimum range of from 180 A to 360 A. When the thickness 
is in the optimum range, the highest light emission output 
can be obtained. 

0084. With respect to a group III nitride compound 
Semiconductor light-emitting device according to the 
present invention for emitting blue light in a main wave 
length range of from 460 nm to 475 nm, experiment has 
shown that the device exhibits relatively high light intensity 
when the thickness of the p-type clad layer 108 is in a range 
of from 70 A to 390A. More preferably, the thickness of the 
p-type clad layer 108 is in an optimum range of from 90 A 
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to 300 A. When the thickness is in the optimum range, the 
highest light emission output can be obtained. 

0085. On the other hand, the composition ratio X of 
aluminum (Al) in the p-type clad layer 108 made of 
AlGas N is preferably approximately in a range of from 
0.10 to 0.14, more preferably in a range of from 0.12 to 0.13. 
If X is smaller than 0.10, the light emission output is lowered 
because it is difficult to confine carriers in the active layer. 
If X is larger than 0.14, the light emission output is also 
lowered because StreSS applied to the active layer increases 
in accordance with the difference between lattice constants 
of crystals. 

0086 Although the above embodiments have shown the 
case where the number of cycles in the MOW active layer 
160 in each of the light-emitting devices 100 and 200 is two, 
the number of cycles is not particularly limited. That is, the 
present invention can be applied also to a group III nitride 
compound Semiconductor light-emitting device having an 
active layer with any number of cycles or any Structure. 

0087. Accordingly, for example, the active layer 160 may 
have a SQW (single quantum well) structure. 
0088. Further, each of group III nitride compound semi 
conductor layers, inclusive of the buffer layer, the interme 
diate layer and the cap layer, for constituting the light 
emitting device according to the present invention may be 
made of quaternary, ternary or binary AlGaIn-N 
(0sXs 1,0sys 1,0s x+ys 1) of an optional crystal mixture 
ratio. 

0089. Further, a metal nitride compound such as titanium 
nitride (TiN), hafnium nitride (HfN), or the like, or a metal 
oxide compound Such as Zinc oxide (ZnO), magnesium 
oxide (MgO), manganese oxide (MnO), or the like, other 
than the aforementioned group III nitride compound Semi 
conductor may be used as the buffer layer. 

0090. Further a group II element such as beryllium (Be), 
Zinc (Zn), or the like, other than magnesium (Mg) may be 
used as the p-type impurities. To reduce the resistance of the 
p-type Semiconductor layer doped with the p-type impurities 
more greatly, an activating process Such as electron beam 
irradiation, annealing, or the like, may be further carried out. 

0091 Although the above embodiments have shown the 
case where the high carrier density N layer 103 is made of 
gallium nitride (GaN) doped with silicon (Si), these n-type 
Semiconductor layerS may be formed by doping the afore 
mentioned group III nitride compound Semiconductor with 
a group IV element Such as Silicon (Si), germanium (Ge), or 
the like, or with a group VI element. 

0092 Further, silicon carbide (SiC), Zinc oxide (ZnO), 
magnesium oxide (MgO), manganese oxide (MnO), or the 
like, other than Sapphire may be used as the Substrate for 
crystal growth. 

0093. Further, the present invention can be applied to 
light-receiving devices as well as light-emitting devices. 

0094) While the presently preferred embodiment of the 
present invention has been shown and described, it is to be 
understood that the disclosure is for the purpose of illustra 
tion and that various changes and modification may be made 
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without departing from the Scope of the invention as Set forth 
in the appended claims. 
What is claimed is: 

1. A group III nitride compound Semiconductor light 
emitting device comprising: 

a Substrate; 
a group III nitride compound Semiconductor laminated on 

Said Substrate; 
a p-type clad layer comprising p-type AlGaN 

(0<x<1); and 
a p-type contact layer comprising p-type AlGa-N 

(0<y<x) which is lower in a composition ratio of 
aluminum than Said p-type clad layer. 

2. A group III nitride compound Semiconductor light 
emitting device according to claim 1, wherein Said p-type 
contact layer comprises AlGaN (0.1xsys 0.7x). 
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3. A group III nitride compound Semiconductor light 
emitting device according to claim 1, wherein Said p-type 
contact layer comprises AlGaN (0.01 sys 0.12). 

4. A group III nitride compound Semiconductor light 
emitting device according to claim 1, wherein a thickness of 
said p-type contact layer is in a range of from 200 A to 1000 
A. 

5. A group III nitride compound Semiconductor light 
emitting device according to claim 2, wherein a thickness of 
said p-type contact layer is in a range of from 200 A to 1000 
A. 

6. A group III nitride compound Semiconductor light 
emitting device according to claim 3, wherein a thickness of 
said p-type contact layer is in a range of from 200 A to 1000 
A. 


