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SEMICONDUCTOR LIGHT-EMITTING DEVICE, 
METHOD FOR FABRICATING THE SAME AND 

OPTICAL DISKAPPARATUS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a light-emitting 
device like a Semiconductor laser device, and more particu 
larly relates to a Semiconductor light-emitting device for 
emitting radiation in the ultraViolet to blue regions. The 
present invention also relates to a method for fabricating the 
Semiconductor light-emitting device and to an optical disk 
apparatus using the light-emitting device. 
0002. In recent years, semiconductor light-emitting 
devices that can emit radiation at Short wavelengths ranging 
from the ultraViolet to blue regions, or Semiconductor laser 
devices, in particular, have been researched and developed 
Vigorously. This is because Such light-emitting devices are 
expected to further increase the recording density of optical 
disks or the resolution of laser printers and are applicable to 
optical measuring instruments, medical equipment, display 
devices, illuminators and So on. 
0.003 Examples of semiconductor materials that can emit 
radiation at Such short wavelengths include Group III nitride 
Semiconductors. For instance, a Semiconductor laser device 
with a multiple quantum well active layer, which is a Stack 
of silicon (Si)-doped GalnN/GainN layers, can oscillate 
continuously at a wavelength of about 401 nm and at room 
temperature and can operate for as long as about 3,000 hours 
under the conditions that the ambient temperature is 20 C. 
and the output power thereof is 2 mW. See Japanese Journal 
of Applied Physics, Vol. 36 (1997), pp. 1568-1571, for 
example. 
0004 Group III nitride semiconductor crystals are gen 
erally grown by a metalorganic vapor phase epitaxy 
(MOVPE) process. For example, Japanese Laid-Open Pub 
lication No. 6-196757 discloses a method of growing a 
Semiconductor layer of GanN of excellent crystal quality on 
a Semiconductor layer of GaN by using nitrogen as a carrier 
gaS. 

0005 The known method of producing a Group III 
nitride Semiconductor, however, is disadvantageous in that 
pits are created in the GainN/GaN multiple quantum well 
Structure thereof (to be an active layer) at as high a density 
as 10 to 10 cm’ as described in Applied Physics Letters, 
Vol. 72 (1998), pp. 710-712, for example. 
0006 Those pits adversely affect the operation charac 
teristics of a light-emitting device, e.g., raises the threshold 
value, at which the laser device Starts to oscillate, or lowers 
the reliability thereof. This is because the existence of the 
pits not only decreases the luminous efficacy, but also causes 
localized levels by making the composition of In non 
uniform, constitutes a Source of diffusion of In being grown 
or results in Scattering or absorption loSS in an optical 
waveguide. 

0007 To obtain a Group III nitride semiconductor light 
emitting device, or Semiconductor laser device, in particular, 
with characteristics practically applicable to an optical disk 
apparatus, for example, the composition of In within the 
GainN well layer thereofshould be uniformized. In addition, 
each multiple quantum well layer should be of uniform 
quality and be Sufficiently planarized. 
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0008 Moreover, the structure of the device should be 
modified Such that electrons, which are injected from an 
n-type conductive layer into the quantum well layer, can be 
injected into the active layer efficiently and uniformly with 
out overflowing into a p-type conductive layer during the 
operation of the device. 

SUMMARY OF THE INVENTION 

0009. An object of the present invention is solving the 
problems of the prior art to Suppress the creation of pits in 
quantum well layer containing indium and nitrogen in a 
Group III nitride Semiconductor light-emitting device and to 
inject electrons into the quantum well layer more efficiently. 
0010. To achieve this object, the present invention takes 
the following measures: 
0011) 1) Each barrier layer included in the quantum well 
layer contains aluminum; 
0012 2) The stress vector of each barrier layer is of the 
opposite sign to that of each well layer; 
0013 3) only one of barrier layers that is in contact with 
a p-type conductive layer contains aluminum in multiple 
quantum well layer; 

0014) 4) In growing the quantum well layer by an 
MOVPE process, triethylgallium is used as a gallium source. 

0015 The present inventors analyzed how inverted hex 
agonal parallelepiped pits with {1-101} planes as facets are 
formed at a high density in a GainN/GaN or GainN/GainN 
multiple quantum well Structure in accordance with a con 
ventional fabrication process. As a result, we reached the 
following conclusions. 
0016 To relax a compressive strain induced in a GainN 
layer or a Strain resulting from localized Segregation of In, 
nuclei of pits are created at more than a critical thickness. In 
addition, at the growth temperature of the GainN layer 
(usually at a growth temperature of about 800° C.), the 
growth rate for {1-101} planes is lower than that for the 
(0001) plane in the GalnN layer. Accordingly, as the crystals 
are growing, the pits are also increasing their sizes. Those 
pits, which have been created in the GainN layer, are 
gradually filled in and the Surfaces of the crystals are 
planarized while an optical guide layer, a cladding layer and 
So on are grown one upon the other on the GanN layer at 
a growth temperature of about 1000 C. This is because the 
growth rate for the {1-101} planes is higher than that for the 
(0001) plane in the optical guide layer, etc. 
0017. It should be noted that when a Zone axis index or 
a Miller indeX representing a crystallographic plane orien 
tation is followed by a negative sign, the indeX following the 
negative sign is a negative direction indeX in this specifica 
tion. 

0018. The present inventors examined various methods 
of Suppressing the creation of those pits. As a result, we 
made the following findings. 
0019 Specifically, if the multiple quantum well structure 
includes an aluminum (Al)-containing barrier layer, then a 
tensile Strain is induced in the barrier layer, and a compres 
Sive Strain applied to the multiple quantum well Structure 
decreases. Consequently, the critical thickness increases. 
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0020. In addition, the existence of Al with high electric 
field intensity in a crystal reduces the diffusion of In, thus 
Suppressing the Segregation of In, which Strongly tends to 
Segregate locally. 

0021 Moreover, the growth rate of the Al-containing 
semiconductor layer, i.e., an AlGaN layer, for the {1-101 
planes is not so different from that for the (0001) plane 
compared to the GanN layer. Accordingly, the expansion of 
pits can be reduced. 

0022. Furthermore, if the In mole fraction in the well 
layer is 0.1 or less, the total thickness of the multiple 
quantum well Structure does not exceed the critical thick 
CSS. 

0023. Furthermore, if the strain vector of the barrier layer 
is of the Sign opposite to that of well layer, then the total 
Strain applied to the multiple quantum well Structure can be 
reduced, thus increasing the critical thickness. 
0024. Also, if triethylgallium (TEG) is used a gallium 
Source in forming the multiple quantum well Structure, then 
the growth rate for the (0001) plane is not so different from 
that for the 1-101} planes in the quantum well structure. 
0.025 Accordingly, the expansion of pits can be reduced. 

0026. As for a method for injecting electrons more effi 
ciently, we made the following findings. 

0027) If the multiple quantum well structure includes a 
barrier layer with a strain vector of the opposite sign to that 
of each well layer, then the total Strain induced in the 
multiple quantum well Structure can be Smaller. Thus, the 
intensity of a piezoelectric field induced in the multiple 
quantum well Structure decreases. As a result, electrons are 
injected into the well layerS more uniformly. 

0028. Alternatively, if only one barrier layer in contact 
with a p-type conductive layer contains Al and the other 
barrier layers, which are not in contact with the p-type 
conductive layer, do not contain Al, then the electrons 
injected into the well layers do not overflow into the p-type 
conductive layer. As a result, the electrons can be injected 
into the well layers more efficiently. 

0029 Specifically, a first semiconductor light-emitting 
device according to the present invention is made of Group 
III-V compound semiconductors. The device includes a 
quantum well layer, which is formed over a Substrate and 
includes a barrier layer and a well layer that are alternately 
Stacked one upon the other. The band gap of the well layer 
is narrower than that of the barrier layer. And the well layer 
contains In and N, while the barrier layer contains Al and N. 

0.030. In the first semiconductor light-emitting device, the 
barrier layer contains Al and N. That is to say, if Al is 
contained in the barrier layer, a tensile Strain is induced in 
the barrier layer to fill in the pits, which are created at more 
than the critical thickness to relax the compressive Strain 
induced in the well layer. As a result, the compressive Strain 
induced in the quantum well layer decreases and the critical 
thickness increases. Also, Since Al is contained in the barrier 
layer, the In Segregation in the well layer can be Suppressed. 
Moreover, the growth rate for the 1-101} planes is not so 
different from that for the (0001) plane compared to a well 
layer containing In. Accordingly, the expansion of pits can 
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be Suppressed, thus reducing the threshold current of the 
light-emitting device and greatly improving the reliability of 
the device. 

0031. In the first semiconductor light-emitting device, a 
plurality of the barrier layers are preferably provided 
between p- and n-type conductive layers. One of the barrier 
layers that is in contact with the p-type conductive layer 
preferably has an aluminum mole fraction larger than that of 
the other barrier layer(s) that is/are not in contact with the 
p-type conductive layer. In Such an embodiment, Since Al is 
added to the barrier layer in contact with the p-type con 
ductive layer, the barrier layer has its heterobarrier 
increased. Thus, it is possible to prevent electrons, which 
have been externally injected, from Overflowing into the 
p-type conductive layer without being injected into the well 
layers. As a result, the electrons can be injected into the well 
layerS more efficiently. 

0032. In this particular embodiment, the aluminum mole 
fraction of the one barrier layer in contact with the p-type 
conductive layer preferably increases from a part thereof 
closest to the n-type conductive layer toward another part 
thereof closest to the p-type conductive layer. In Such an 
embodiment, the hole density in the barrier layer in contact 
with the p-type conductive layer can be decreased, thus 
increasing the efficiency with which holes are injected into 
the well layers. 

0033. In the first semiconductor light-emitting device, the 
well layer is preferably made of gallium indium nitride 
(GainN) or aluminum gallium indium nitride (AlGanN), 
while the barrier layer is preferably made of aluminum 
gallium nitride (AlGaN). In such an embodiment, the cre 
ation of the pits can be Suppressed with much more certainty 
in the quantum well layer. 

0034. A second semiconductor light-emitting device 
according to the present invention is made of Group III-V 
compound Semiconductors. The device includes a quantum 
well layer, which is formed over a Substrate and includes a 
barrier layer and a well layer that are alternately Stacked one 
upon the other. The band gap of the well layer is narrower 
than that of the barrier layer. The barrier layer has a strain 
vector of a Sign opposite to that of a Strain vector of the well 
layer. 

0035) In the second semiconductor light-emitting device, 
Since the Strain vectors of the barrier and well layers are of 
mutually opposite Signs, the Strain quantities in the quantum 
well Structure are canceled by each other and decrease. 
Accordingly, the critical thickness, at which pits are created, 
increases and in addition, the piezoelectric field induced in 
the quantum well Structure decreases. As a result, electrons 
and holes are injected into each well layer uniformly, thus 
increasing the luminous efficacy. 

0036). In the second semiconductor light-emitting device, 
the well layer preferably contains In and the barrier layer 
preferably contains Al. 

0037. The first or second semiconductor light-emitting 
device preferably further includes first and Second optical 
guide layers. The first optical guide layer is provided on one 
Side of the quantum well layer that is closer to the Substrate, 
while the Second optical guide layer is provided on another 
Side of the quantum well layer that is opposite to the 
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substrate. The band gap of the barrier layer is preferably 
Smaller than or equal to that of the first and Second optical 
guide layers. 

0.038 Also, an In mole fraction of the well layer is 
preferably larger than 0 and equal to or Smaller than 0.1. In 
Such an embodiment, it is possible to prevent the total 
thickness of the quantum well layer from exceeding the 
critical thickness. As a result, the creation of the pits can be 
Suppressed with much more certainty in the quantum well 
layer. 
0039) Moreover, the barrier layer or the well layer pref 
erably contains silicon (Si) as a dopant. In Such an embodi 
ment, it is possible to prevent In from locally Segregating in 
the quantum well layer, thus relaxing the Strain resulting 
from Such local Segregation of In. As a result, the creation of 
the pits, which are formed to reduce the Strain, can be 
Suppressed. 

0040. A third semiconductor light-emitting device 
according to the present invention is made of Group III-V 
compound nitride Semiconductors. The device includes: a 
quantum well layer, which is formed over a Substrate and 
includes a plurality of barrier layerS and a well layer that are 
alternately Stacked one upon the other, the band gap of the 
well layer being narrower than that of each said barrier layer; 
and p- and n-type conductive layerS formed over the Sub 
Strate to vertically interpose the quantum well layer ther 
ebetween. One of the barrier layers that is in contact with the 
p-type conductive layer contains aluminum, while the other 
barrier layer(s) that is/are not in contact with the p-type 
conductive layer contain(s) no aluminum. 
0041. In the third semiconductor light-emitting device, a 
large heterobarrier, which is caused by the addition of Al, 
exists between the barrier layer in contact with the p-type 
conductive layer and the well layer in contact with the 
barrier layer on the opposite Side to the p-type conductive 
layer. Thus, it is possible to prevent electrons from going 
over the well layer to overflow into the p-type conductive 
layer. In addition, Since a piezoelectric field is induced in the 
direction in which the overflow of the electrons over the well 
layer is Suppressed, the electrons can be injected into the 
well layer more efficiently. 
0042. In the third semiconductor light-emitting device, 
the well layer preferably contains In. 
0043. In the third semiconductor light-emitting device, 
the well layer is preferably made of GainN, the barrier layer 
in contact with the p-type conductive layer is preferably 
made of AlGaN, and the other barrier layer(s) is/are pref 
erably made of GainN or GaN. 
0044 An inventive method for fabricating a semiconduc 
tor light-emitting device is adapted to fabricate a Semicon 
ductor light-emitting device of Group III-V compound Semi 
conductors, in which a quantum well layer including barrier 
and well layerS is formed by a metalorganic vapor phase 
epitaxy process over a Substrate by alternately Stacking the 
barrier and well layers one upon the other. The band gap of 
the well layer is narrower than that of the barrier layer. The 
method includes the Steps of forming the barrier layer, 
which contains gallium (Ga) and nitrogen (N), over the 
Substrate by using at least gallium and nitrogen Sources as 
first Source materials, and forming the well layer, which 
contains Ga, In and N, on the barrier layer by using at least 
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gallium, indium and nitrogen Sources as Second Source 
materials. The gallium Source used in the Steps of forming 
the barrier layer and the well layer is triethylgallium (TEG). 
0045 According to the inventive method for fabricating 
a Semiconductor light-emitting device, TEG is used as the 
gallium Source in the Steps of forming the barrier layer and 
the well layer. Thus, the growth rate of the quantum well 
layer for the 1-101} planes is not so different from that for 
the (0001) plane. Accordingly, the expansion of pits can be 
Suppressed, thus improving the crystal quality of the well 
layers. As a result, the operating performance of the device 
can be improved. 

0046. In the inventive method for fabricating a semicon 
ductor light-emitting device, the Step of forming the barrier 
layer preferably includes the Step of forming the barrier 
layer of AlGaN by using an aluminum Source as an addi 
tional one of the first Source materials. The Step of forming 
the well layer preferably includes the step of forming the 
well layer of either GainN or AlGainN by using an alumi 
num Source as an additional one of the Second Source 
materials. Also, an In mole fraction of the well layer is 
preferably larger than 0 and equal to or Smaller than 0.1. 
0047 An optical disk apparatus according to the present 
invention includes: the Semiconductor light-emitting device 
according to any of the first through aspects of the present 
invention; a condensing optical System for condensing out 
going radiation, which has been emitted from the Semicon 
ductor light-emitting device, on a storage medium on which 
data has been recorded; and a photodetector for receiving 
light that has been reflected from the Storage medium. 
0048. In the inventive optical disk apparatus, the photo 
detector preferably reads the data that has been recorded on 
the Storage medium based on a reflected part of the outgoing 
radiation. 

0049. In this case, the photodetector is preferably pro 
Vided near the Semiconductor light-emitting device. 
0050. In this particular embodiment, the photodetector is 
preferably provided on a principal Surface of a Support 
member made of Silicon, and the Semiconductor light 
emitting device is preferably Supported on the principal 
Surface of the Support member. 
0051. In such a case, the principal surface of the Support 
member is preferably provided with a concave portion with 
a micro mirror on a Sidewall thereof. And the Semiconductor 
light-emitting device is preferably Secured to the bottom of 
the concave portion of the Support member Such that the 
outgoing radiation emitted from the Semiconductor light 
emitting device is reflected from the micro mirror and 
advances Substantially vertically to the principal Surface of 
the Support member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0052 FIG. 1 is a cross-sectional view illustrating a 
Schematic Structure of a Semiconductor light-emitting device 
according to a first embodiment of the present invention. 
0053 FIG. 2 is a cross-sectional view illustrating a 
detailed Structure of a multiple quantum well active layer in 
the Semiconductor light-emitting device according to the 
first embodiment of the present invention. 
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0.054 FIG. 3 is a graph illustrating a relationship 
between the In mole fraction in the well layers and the 
oscillation threshold current in the Semiconductor light 
emitting device according to the first embodiment of the 
present invention. 
0.055 FIG. 4 is an energy band diagram illustrating the 
band gaps in the Semiconductor light-emitting device 
according to the first embodiment of the present invention. 
0056 FIG. 5 is an energy band diagram illustrating the 
band gaps in a comparative Semiconductor light-emitting 
device with a barrier layer containing no aluminum. 
0057 FIG. 6 is a cross-sectional view illustrating a 
detailed Structure of a multiple quantum well active layer in 
the Semiconductor light-emitting devices according to first 
and second modified examples of the first embodiment of 
the present invention. 
0.058 FIG. 7 is an energy band diagram illustrating the 
band gaps in the Semiconductor light-emitting device 
according to the first modified example of the first embodi 
ment of the present invention. 
0059 FIG. 8 is an energy band diagram illustrating the 
band gaps in the Semiconductor light-emitting device 
according to the Second modified example of the first 
embodiment of the present invention. 
0060 FIG. 9 is a cross-sectional view illustrating a 
Schematic Structure of a Semiconductor light-emitting device 
according to a second embodiment of the present invention. 
0061 FIG. 10 is a cross-sectional view illustrating a 
detailed Structure of the multiple quantum well active layer 
in the Semiconductor light-emitting device according to the 
Second embodiment of the present invention. 
0.062 FIG. 11 is an energy band diagram illustrating the 
band gaps in the Semiconductor light-emitting device 
according to the Second embodiment of the present inven 
tion. 

0.063 FIG. 12 illustrates a schematic arrangement of an 
optical disk apparatus according to a third embodiment of 
the present invention. 

0.064 FIG. 13 illustrates a schematic arrangement of an 
optical disk apparatus according to a fourth embodiment of 
the present invention. 

0065 FIG. 14 is a perspective view illustrating a laser 
unit in the optical disk apparatus according to the fourth 
embodiment of the present invention. 
0.066 FIG. 15 is a cross-sectional view illustrating a 
Schematic arrangement of a hologram in the optical disk 
apparatus according to the fourth embodiment of the present 
invention. 

0067 FIG.16(a) is a plan view schematically illustrating 
a laser unit in the optical disk apparatus according to the 
fourth embodiment of the present invention; and 

0068 FIGS. 16(b) through 16(d) are plan views sche 
matically illustrating how photodiodes of the laser unit in the 
optical disk apparatus according to the fourth embodiment 
of the present invention receive light to be converted into 
Signals. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

EMBODIMENT 1. 

0069. Hereinafter, a first embodiment of the present 
invention will be described with reference to the accompa 
nying drawings. 

0070 FIG. 1 illustrates a schematic cross-sectional struc 
ture of a Semiconductor light-emitting device according to 
the first embodiment of the present invention. On a GaN 
substrate 11 with a (0001) plane as its principal Surface, for 
example, a buffer layer 12 of n-type GaN, of which the upper 
Surface is partially exposed; a cladding layer 13 of n-type 
AlGaN for creating a potential barrier for a multiple quan 
tum well active layer (to be described below) and thereby 
confining n-type carriers therein; an optical guide layer 14 of 
n-type AlGaN for confining the radiation created therein; a 
multiple quantum well active layer 15, which is formed by 
alternately stacking GainN well layers and AlGaN barrier 
layers one upon the other and in which n- and p-type carriers 
are recombined with each other to emit radiation therefrom; 
an optical guide layer 16 of p-type AlGaN for confining the 
radiation produced therein; a cladding layer 17 of p-type 
AlGaN for creating a potential barrier for the multiple 
quantum well active layer 15 and thereby confining p-type 
carriers therein; a current blocking layer 18 of n-type GaN 
for injecting current into the multiple quantum well active 
layer efficiently; and a contact layer 19 of p-type GaN for 
making ohmic contact with a p-side electrode 20 are formed 
in this order. 

0071. The p-side electrode 20 of Ni/Au is formed on the 
upper surface of the contact layer 19. On the exposed part of 
the buffer layer 12, formed is an n-side electrode 21 of Ti/Al. 
0072. In this case, materials for the substrate 11 are not 
limited to gallium nitride (GaN), but include Sapphire 
(Al2O), Silicon carbide (SiC), Silicon (Si), Spinel, Zinc 
Sulfide (ZnS), Zinc oxide (ZnO) and gallium arsenide 
(GaAs), for example. If the substrate 11 is made of a material 
other than GaN, however, another buffer layer of GaN, for 
example, should be deposited at a low temperature between 
the substrate 11 and the buffer layer 12 to obtain quality GaN 
Semiconductor crystals by buffering a lattice misfit between 
the substrate 11 and the crystals, because the Substrate 11 
and the GaN Semiconductor crystals are of dissimilar mate 
rials. 

0073. The plane orientation of the Substrate 11 does not 
have to be Such a plane with a low index. Alternatively, the 
Zone axis thereof may be inclined in a predetermined 
direction. For example, where the substrate is made of GaN, 
the Zone axis of the Substrate may be inclined by 2 degrees 
in the 11-20 direction about a (0001) plane of GaN. The 
conductivity type of the substrate 11 may be either n-type or 
p-type or even an insulating Substrate may also be used. 
0074 By forming the GaN buffer layer 12 on the GaN 
Substrate 11, respective Semiconductor layers, which will 
constitute a quality Group III nitride Semiconductor laser 
Structure, can be grown according to this embodiment. GaN 
is selected for the buffer layer 12 because crystals of quality 
can be obtained more easily than any other Group III nitride 
semiconductor. The thickness of the buffer layer 12 has only 
to be about 100 nm or more. When the Substrate 11 is not 
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made of a material with low resistance as is done in this 
embodiment, the p- and n-side electrodes 20 and 21 both 
need to be formed on the circuitry side of the Substrate 11. 
Thus, the thickness herein should be at least about 1000 nm. 
O OC. 

0075. The n- and p-type cladding layers 13 and 17 of 
AlGaN both have an Al mole fraction (composition) of 0.09. 
The thicknesses of the n- and p-type cladding layerS 13 and 
17 are preferably about 900 nm and about 600 nm, respec 
tively. A tensile Strain is applied to AlGaN. Accordingly, as 
the Al mole fraction or the thicknesses of these cladding 
layerS 13 and 17 increase, cracking is more and more likely 
to be caused during the crystal growth thereof. Thus, to 
avoid Such cracking, a Strained Superlattice Structure is 
preferably formed by alternately Stacking Alois GaosN 
layers (thickness: about 3 nm) of a first group and GaN 
layers (thickness: about 3 nm) of a second group one upon 
the other. Also, a So-called “modulated doping may be 
adopted in Such a case. That is to Say, the first group of layers 
may be doped with an n- or p-type dopant while the Second 
group of layerS may be non-doped. Moreover, by using 
AlGanN quaternary crystals, a laser Structure that lattice 
matches with the GaN Substrate 11 can be formed. As a 
result, not only cracking but also dislocations can be Sup 
pressed. 

0.076 The n- and p-type optical guide layers 14 and 16 of 
AlGaN both have an Al mole fraction of 0.02 and a thickness 
of about 100 nm, for example. The light confinement func 
tion of a laser Structure is also determined by the Specifica 
tions (Such as thicknesses and refractive indices) of the 
multiple quantum well active layer 15 and the n- and p-type 
cladding layers 13 and 17. Thus, as the case may be, the 
optical guide layers 14 and 16 may be made of GaN not 
containing Al. 

0.077 Hereinafter, the multiple quantum well active layer 
characteristic of the first embodiment will be described with 
reference to the accompanying drawings. FIG. 2 illustrates 
a detailed cross-sectional Structure of the multiple quantum 
well active layer 15 according to the first embodiment. As 
shown in FIG. 2, the multiple quantum well active layer 15 
according to this embodiment includes: three GainN well 
layers 151, each of which is about 3 nm thick and has an In 
mole fraction of 0.08; two AlGaN barrier layers 152, each of 
which is formed between an associated pair of well layers 
151, is about 5 nm thick and has an Al mole fraction of 0.02; 
and one protective layer 153, which is formed on the upper 
surface of the third well layer 151, is about 5 nm thick and 
has an Al mole fraction of 0.15. In this case, the protective 
layer 153 is provided to prevent In from being desorbed 
again from the GanN crystals in the uppermost well layer 
151 into the gas after the well layers 151 and barrier layers 
152 have been grown. The protective layer 153 is also 
provided to inject electrons into the active layer efficiently 
during the operation of the light-emitting device. The pro 
tective layer 153 is preferably doped with a p-type dopant. 

0078. The oscillation wavelength of the laser radiation is 
controllable, or shortened or lengthened, depending on the 
In mole fraction in each well layer 151. To keep the quality 
of crystals high, however, the In mole fraction should be 
larger than Zero and equal to or smaller than 0.3. Preferably, 
the In mole fraction should be larger than Zero and equal to 
or smaller than 0.2 to prevent the In composition from 
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getting non-uniform and to reduce the threshold current of 
oscillation in the multiple quantum well active layer 15. 
More preferably, the In mole fraction should be larger than 
Zero and equal to or Smaller than 0.1 to Suppress the creation 
of pits during the crystal growth. Also, the well and barrier 
layers 151 and 152 are preferably doped with Si as a dopant. 

007.9 FIG. 3 illustrates a relationship between the In 
mole fraction of the well layers and the oscillation threshold 
current in a Semiconductor laser diode, in which the length 
of the resonant cavity thereof is about 1 mm and the width 
of the ridge is about 5 lum. As can be seen from FIG. 3, 
where the In mole fraction of the well layers 151 is in the 
range from 0.05 to 0.1, the oscillation threshold current is 
Smaller than 200 mA. 

0080. As described above, the creation of pits during the 
crystal growth can be Suppressed in the multiple quantum 
well active layer 15 according to this embodiment. In 
addition, electrons and holes can be injected into the respec 
tive well layers 151 more uniformly and electrons can be 
injected more efficiently. 

0081 Firstly, since Al is contained in the barrier layers 
152 in the multiple quantum well active layer 15, a tensile 
strain is induced in the barrier layers 152 in such a direction 
as reducing the compressive Strain applied to the well layers 
151. Accordingly, the critical thickness, at which the pits are 
created, can be increased. That is to Say, So long as the total 
thickness of the multiple quantum well active layer 15 is 
within the increased critical thickness, the creation of pits 
can be Suppressed effectively. 

0082 Secondly, the existence of Al with high electric 
field intensity in the crystals minimizes the diffusion of In, 
thus Suppressing the Segregation of In, which Strongly tends 
to Segregate locally. Moreover, the growth rate for the 
{1-101} planes is not so different from that for the (0001) 
plane in the AlGaN barrier layer 152 compared to the GainN 
well layer 151. Accordingly, the expansion of pits can be 
reduced. 

0083 FIG. 4 is a band diagram illustrating the band gaps 
of the Semiconductor light-emitting device according to this 
embodiment in view of the piezoelectric field. FIG. 5 is a 
band diagram illustrating the band gaps of a comparative 
Semiconductor light-emitting device including GanN bar 
rier layers. In FIGS. 4 and 5, energy regions corresponding 
to the respective semiconductor layers shown in FIGS. 1 
and 2 are identified by the same reference numerals. AS can 
be seen, the piezoelectric field, which is Strongly induced 
over the entire multiple quantum well active layer 15 in a 
direction heading toward the lower right in FIG. 5, has been 
weakened in FIG. 4 because an electric field has been 
induced in the Al-containing barrier layers 152 in the 
direction heading toward the upper right. Accordingly, elec 
trons and holes can be injected into the respective well layers 
151 more uniformly and the luminous efficacy improves as 
a result. 

0084. The Al mole fraction of the barrier layers 152 is 
larger than Zero and equal to or Smaller than that of the n 
and p-type cladding layerS 13 and 17 since a trade-off is 
necessary between Suppression of pits and uniform injection 
of electrons and holes into the well layers. Preferably, the Al 
mole fraction of the barrier layers 152 is larger than Zero and 
equal to or Smaller than that of the n- and p-type optical 
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guide layerS 14 and 16. That is to Say, the band gap of the 
barrier layerS 152 is approximately equal to or Smaller than 
that of the n- and p-type optical guide layerS 14 and 16. 

0085 Also, since no In is contained in the barrier layers 
152 of the multiple quantum well active layer 15, the 
compressive Strain induced in the multiple quantum well 
active layer 15 can be reduced. In addition, In exists only in 
the well layers 151, and therefore, it is possible to prevent In 
from diffusing. That is to Say, the expansion of a continuous 
In Segregated region can be avoided. 

0.086 Moreover, by setting the In mole fraction in the 
well layers 151 at 0.1 or less, it is possible to prevent the 
total thickness of the multiple quantum well active layer 15 
from exceeding the critical thickness. 
0087. In this case, the critical thickness is not the only 
factor determining the thickness and number of the well 
layers 151. In view of luminous efficacy, the thickness of 
each of the well layers 151 is preferably in the range from 
about 2 to about 4 nm. Also, two, three or four well layers 
151 are preferably formed to inject carriers uniformly and to 
attain a Sufficient gain. 
0088. Furthermore, if the crystal being grown in the 
multiple quantum well active layer 15 are doped with Si as 
a dopant, the Segregation of In can be Suppressed and 
luminous efficacy improves. A specific mechanism thereof is 
not clear, but it is probably due to the surfactant effects 
attained by Si. 

0089. As described above, the barrier layers 152 in the 
multiple quantum well active layer 15, consisting of the well 
and barrier layers 151 and 152, is made of AlGaN crystals 
in the Semiconductor light-emitting device according to this 
embodiment. In this Structure, a tensile Strain is induced in 
the barrier layerS 152 and a compressive Strain applied to the 
multiple quantum well active layer 15 can be reduced, thus 
increasing the critical thickness of crystals. 

0090 Also, by setting the In mole fraction in the well 
layers 151 composed of GainN crystals at 0.1 or less, it is 
possible to prevent the total thickness of the multiple quan 
tum well active layer 15 from exceeding the critical thick 
neSS, at which the pits are created. Accordingly, if the total 
thickness of the multiple quantum well active layer 15 is 
within the increased critical thickness, the creation of pits 
can be Suppressed very effectively. 

0.091 Hereinafter, a method for fabricating the semicon 
ductor light-emitting device with the above structure will be 
described with reference to FIGS. 1 and 2. In the following 
description, a procedure of fabricating the Semiconductor 
light-emitting device of this embodiment by an MOVPE 
proceSS will be exemplified. 

0092. In the MOVPE process, alkyl metal compounds are 
used as Source materials of Group III elements. Specifically, 
trimethylgallium (TMG) or triethylgallium (TEG) is used as 
a gallium source of the Group III elements. Trimethylalu 
minum (TMA) is used as an aluminum Source. And trim 
ethylindium (TMI) or ethyldimethylindium is used as an 
indium Source. 

0093 Ammonium (NH) or hydrazine (NH) is used as 
Source material of the Group V element (i.e., nitrogen). 
Silane (SiH) gas is used as a Silicon Source for Supplying an 
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n-type dopant. And bis-cyclopentadienyl magnesium 
(Cp2Mg) is used as a magnesium Source for Supplying a 
p-type dopant. 

0094) First, the GaN substrate 11 with a (0001) plane as 
its principal Surface is cleaned and then placed on a Suscep 
tor within a reaction chamber. Then, after the reaction 
chamber has been evacuated, the Substrate 11 is heated at 
1030 C. for 10 minutes within hydrogen and ammonium 
ambient at a pressure of about 800x10 Pa (=600 Torr), 
thereby cleaning the surface of the substrate 11. 
0095 Next, the temperature of the substrate is set to 
1000 C. and then TMG and ammonium are supplied into 
the reaction chamber at a mole ratio of ammonium Supplied 
as a Group V element to TMG Supplied as a Group III 
element (hereinafter, simply referred to as “V/III mole 
ratio”) of about 5000. At the same time, silane gas, which 
has been diluted with nitrogen as an Si dopant, is also 
supplied. In this manner, the n-type GaN buffer layer 12 with 
a carrier density of 8x10"/cm is deposited to be about 
2500 nm thick on the principal surface of the substrate 11 as 
shown in FIG. 1. In this process step, the growth rate is 
about 25 nm/min. 

0096) Next, TMA is newly supplied as an aluminum 
Source onto the buffer layer 12, thereby growing the n-type 
Alo. GaN cladding layer 13 to a thickness of about 900 
nm. Subsequently, the n-type Aloo GaloosN optical guide 
layer 14 is grown thereon to a thickness of about 100 nm. In 
this proceSS Step, Since the Solid phase ratio of Al is 
approximately equal to the vapor phase ratio thereof, the Al 
mole fraction in AlGaN is easily controllable. 
0097 Subsequently, as shown in FIG. 2, the substrate is 
cooled down to a temperature of about 800° C. Then, TEG, 
TMA and TMI are supplied as Group III sources, ammo 
nium is Supplied as a Group VSource and nitride is Supplied 
as a carrier gas. In this manner, the multiple quantum well 
active layer 15, which is a multilayer Structure consisting of 
the Gaoo-InoosN well layerS 151 (thickness: about 3 nm), 
Aloo GaloosN barrier layers 152 (thickness: about 5 nm) and 
an Alois GaossN protective layer 153, is grown on the 
n-type optical guide layer 14. In this case, the growth rate of 
each Semiconductor layer is about 1 nm/min. The Source 
materials for the respective Semiconductor layers are Sup 
plied under the following conditions. In the well layers 151, 
the vapor phase ratio of TMI is 0.7 and the V/III ratio is 
50,000. In the barrier layers 152, the vapor phase ratio of 
TMA is 0.02 and the V/III ratio is 200,000. In the protective 
layer 153, the vapor phase ratio of TMA is 0.15 and the V/III 
ratio is 190,000. It should be noted that the protective layer 
153 is preferably grown at a relatively high temperature of 
about 900 C. 

0098. The fabrication process according to this embodi 
ment is characterized by using TEG as a gallium Source. 
Since the decomposition temperature of TEG is lower than 
that of TMG, the proportion of Ga atoms, to which no alkyl 
groups are bonded, is higher on the Surfaces of crystals 
growing. In addition, the Surface diffusion length of the Ga 
atoms, to which no alkyl groups are bonded, is longer than 
that of Ga molecules to which alkyl groups are bonded. 
Moreover, the Ga atoms, to which no alkyl groups are 
bonded, do not grow Selectively So much on the Surfaces of 
crystals. Considering these properties, if TEG is used as the 
gallium source, then the growth rate for the (0001) plane is 
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not so different from that for the 1-101} planes, thus 
Suppressing the expansion of pits. 

0099 Next, as shown in FIG. 1, the temperature of the 
substrate is raised again up to about 1000 C. Then, TMG 
and TMA as Group III Sources and ammonium as a Group 
V Source are Supplied into the reaction chamber using 
hydrogen as a carrier gas and CpMg is also Supplied thereto 
as an Mg dopant. In this manner, the p-type AlGaN optical 
guide layer 16 with a thickness of about 100 nm is grown on 
the multiple quantum well active layer 15. Subsequently, the 
p-type AlGaN cladding layer 17 is deposited to be about 600 
nm thick on the p-type optical guide layer 16. Thereafter, the 
Supply of the Source gases is Suspended to lower the tem 
perature of the Substrate 11 to room temperature. 
0100. By processing a semiconductor wafer, or an epi 
taxial Substrate, which is obtained through these crystal 
growing proceSS Steps, in a predetermined manner, a Sin 
glemode laser device is obtained. Specifically, the 
epitaxially grown Substrate is Subjected to photolithography, 
dry etching, burying layer re-growth, electrode deposition, 
cleavage and mounting process Steps in this order. 
0101 First, the photolithographic and dry etching process 
StepS are performed to define a Striped SiO2 mask pattern 
with a width of about 3 um on the p-type cladding layer 17. 
Next, using the mask pattern defined, the p-type cladding 
layer 17 is dry-etched to a depth of about 500 nm such that 
the p-type cladding layer 17 has ridge portions. 
0102) Then, the burying layer re-growth process step is 
performed. Specifically, the Substrate 11 including the p-type 
cladding layer 17 with the ridge portions is loaded into the 
reaction chamber of the MOVPE apparatus again, thereby 
Selectively growing the n-type GaN current blocking layer 
18 so as to fill in the regions beside the ridge portions of the 
p-type cladding layer 17. 

0103) Thereafter, the substrate 11 is unloaded from the 
reaction chamber and the mask pattern is removed there 
from. Then, the Substrate 11 is loaded into the reaction 
chamber again to grow the p-type GaN contact layer 19 with 
a carrier density of 8x10"/cm to be about 300 nm thick on 
the current blocking layer 18, as well as over the ridge 
portions of the p-type cladding layer 17. 

0104. The acceptor Mg, or the p-type dopant introduced 
into the respective p-type Semiconductor layers, may be 
activated either within the reaction chamber or within 
another heat treatment furnace after the Substrate 11 has 
been unloaded from the reaction chamber. Also, the heat 
treatment may be conducted at the same time with a Sinter 
ing proceSS for electrode deposition. The heat treatment may 
be conducted at about 600 C. for about 20 minutes within 
nitrogen ambient. 
0105 Subsequently, in the electrode deposition process 
step, the p-side electrode 20 is selectively formed by an 
evaporation technique as a Stack of two types of conductor 
films, e.g., nickel (Ni) and gold (Au) films, with thicknesses 
of 10 and about 300 nm, respectively, on part of the upper 
surface of the contact layer 19, which is located over the 
ridge portions of the p-type cladding layer 17. 

0106 Next, a mask pattern is defined over a region where 
the p-Side electrode will be formed and the epitaxial layers 
are dry-etched using the mask pattern, thereby partially 
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exposing the buffer layer 12. Then, the n-side electrode 21 
is Selectively formed as a Stack of two types of conductor 
films, e.g., titanium (Ti) and Al films, on the exposed region 
by an evaporation technique. 

0107 Thereafter, the cleavage and mounting process 
StepS are carried out. Specifically, first, the SubStrate 11 with 
the p- and n-side electrodes 20, 21 formed thereon is cleaved 
to have a resonant cavity length of about 500 um. Then, the 
emissive and reflective end facets of the resonant cavity are 
coated appropriately. Finally, each of the laser devices 
cleaved is mounted facedown onto a heat Sink Such that the 
respective upper Surfaces of the electrodes formed on the 
laser device face the mount Surface of the heat Sink. 

0.108 AS to the semiconductor light-emitting device 
obtained in this manner, we observed the Surface morphol 
ogy at the crystal planes of the as-formed multiple quantum 
well active layer 15 using a Scanning electron microscope 
and an atomic force microScope. As a result, we confirmed 
that the density of pits in the multiple quantum well active 
layer 15 was lower than that of the pits observed in the 
conventional GainN/GainN multiple quantum well layer by 
a couple of orders of magnitudes. 

0109 AS described above, in the fabrication process 
according to this embodiment, TEG is used as a gallium 
Source when the multiple quantum well active layer 15 is 
formed. Thus, compared to using TMG, the growth rate for 
the (0001) plane is not so different from the growth rate for 
the {1-101} planes. As a result, it is possible to prevent the 
pits, which have been created on the faces of the crystal 
growing, from expanding. 

0110. In this embodiment, the well layers 151 are made 
of GalnN and the barrier layers 152 are made of AlGaN in 
the multiple quantum well active layer 15. Alternatively, the 
well and barrier layers 151 and 152 may be made of any 
other mixed crystals, e.g., AlGanN. Even So, the creation of 
the pits can also be Suppressed effectively. 

0111 Similar effects are attainable even by the use of a 
nitride Semiconductor including boron (B) as an additional 
Group III element and arsenic (AS) or phosphorus (P) as an 
additional Group V element, as well as nitrogen (N). 
0112 Also, in the foregoing embodiment, the pressure 
inside the reaction chamber is set at about 800x10 Pa, 
which is slightly lower than one atmospheric pressure 
(=1013x10 Pa), in the MOVPE crystal-growing process. 
Alternatively, the reaction pressure may be set at any arbi 
trary value, because the present invention is not dependent 
on the reaction pressure. 

0113 Also, if the compositions and thicknesses of the 
well and barrier layers 151 and 152 in the multiple quantum 
well active layer 15 are appropriately Selected, then the 
multiple quantum well active layer 15 as a whole can have 
no Strain at all. This is because a compressive Strain induced 
in the well layers 151 can be completely canceled by a 
tensile strain induced in the barrier layers 152. 
0114. In a multiple quantum well active layer 15 shown 
in FIG. 6 as a first modified example of this embodiment, 
the Al mole fraction of first and second barrier layers 152 
may be set to 0.02, for example, and a third barrier layer 
152A with an Al mole fraction of 0.07, for example, may be 
provided between the protective layer 153, which is a p-type 
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conductive layer, and the third well layer 151. In such a case, 
the energy EC of the third barrier layer 152A at the lower 
edge of the conduction band is higher than that of the Second 
barrier layer 152 as shown in the band diagram in FIG. 7. 
The heterobarrier formed by the third barrier layer 152A 
prevents electrons externally injected from going over the 
well layer 151 and overflowing into the p-type conductive 
layer. As a result, the electrons can be injected into the well 
layers 151 more efficiently. 

0115 Moreover, according to a second modified 
example, the Al mole fraction of the third barrier layer 152 
may be gradually increased from 0.02 in a part thereof closer 
to the well layer 151 toward 0.07 in another part thereof 
closer to the p-type protective layer as shown in FIG. 6. In 
Such a case, the electrons can also be injected into the well 
layers 151 more efficiently. In addition, the energy EV of the 
third barrier layer 152A at the upper edge of the valence 
band is relatively low in a part thereof closer to the protec 
tive layer 153 and relatively high in another part thereof 
closer to the well layer 151 as shown in the band diagram in 
FIG. 8. Thus, the probability of holes in the third barrier 
layer 152 can be reduced, and therefore, holes can be 
injected into the well layer 151 more efficiently. 

0116. As described above, according to this embodiment, 
the creation of pits in the multiple quantum well active layer 
15 can be Suppressed and electrons and holes can be injected 
into the multiple quantum well active layer 15 more effi 
ciently. Accordingly, a Semiconductor laser device, which 
oscillates at a lower threshold value and is highly reliable in 
term of its lifetime, can be obtained and is applicable as a 
light-emitting device to an optical disk apparatus. 
0117. Also, the present invention is applicable not only to 
a Semiconductor light-emitting device but also to a high 
mobility electronic device Such as a heterojunction field 
effect transistor with a similar heterojunction to that of the 
inventive Structure. Even then, the creation of pits in the 
heterojunction is also Suppressible, thus increasing the 
mobility of electrons. 

EMBODIMENT 2 

0118. Hereinafter, a second embodiment of the present 
invention will be described with reference to the accompa 
nying drawings. 

0119 FIG. 9 illustrates a schematic cross-sectional struc 
ture of a Semiconductor light-emitting device according to 
the second embodiment of the present invention. In FIG. 9, 
the same members as those illustrated in FIG. 1 are iden 
tified by the same reference numerals, and the description 
thereof will be omitted herein. In the semiconductor light 
emitting device according to this embodiment shown in 
FIG. 9, an n-type optical guide layer 24 formed on the 
n-type cladding layer 13 is made of n-type GaN. A multiple 
quantum well active layer 25 located on the n-type optical 
guide layer 24 is formed by alternately stacking GalnN well 
layers and GaN or AlGaN barrier layers one upon the other. 
And a p-type optical guide layer 26 located on the multiple 
quantum well active layer 25 is made of p-type GaN. 

0120 FIG. 10 illustrates a detailed cross-sectional struc 
ture of the multiple quantum well active layer 25 according 
to this embodiment. As shown in FIG. 10, three GanN well 
layers 251, each of which is about 3 nm thick and has an In 
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mole fraction of 0.08; first, second and third barrier layers 
252,252 and 252A, each of which alternates with the well 
layers 251 and is about 5 nm thick; and one protective layer 
253, which is formed on the upper surface of the third barrier 
layer 252A, is about 5 nm thick and has an Al mole fraction 
of 0.15 are stacked in this order on the Substrate. 

0121. In this case, the first and second barrier layers 252 
are made of GaN, for example, and the third barrier layer 
252A is made of AlGaN with an Al mole fraction of 0.04, for 
example. 

0122) The third barrier layer 252A with an Al mole 
fraction smaller than that of the protective layer 253 is 
provided between the protective layer 253 and the third well 
layer 251. Thus, as shown in the band diagram in FIG. 11, 
a heterobarrier higher than those of the first and Second 
barrier layers 252 is formed by that Al contained in the third 
barrier layer 252A. Accordingly, it is possible to prevent the 
externally injected electrons from going over the well layer 
251 and overflowing. In addition, piezoelectric field is also 
induced in Such a direction as Suppressing the overflow of 
electrons, thus injecting the electrons into the well layers 
251 more efficiently. 
0123. According to a modified example, the Al mole 
fraction of the third barrier layer 252A may be gradually 
increased from 0 in a part thereof closer to the well layer 251 
toward 0.04 in another part thereof closer to the protective 
layer 253. In Such a case, the electrons can also be injected 
into the well layers 251 more efficiently. In addition, the 
probability of holes in the third barrier layer 252A can be 
reduced, and therefore, holes can be injected into the well 
layers 251 more efficiently. 

EMBODIMENT 3 

0.124. Hereinafter, a third embodiment of the present 
invention will be described with reference to the accompa 
nying drawings. 
0.125 FIG. 12 schematically illustrates an arrangement 
of an optical disk apparatus according to the third embodi 
ment of the present invention. The optical disk apparatus 
according to this embodiment uses the inventive Semicon 
ductor light-emitting device as a light Source Section thereof. 
As shown in FIG. 12, the semiconductor laser device 41, 
which includes a laser chip packaged in a can, is disposed at 
Such a position that the emissive end facet thereof faces the 
data-retaining Side of an optical disk 50, i.e., a Storage 
medium on which desired data has been recorded. And a 
condensing optical System 40A is provided between the 
semiconductor laser device 41 and the optical disk 50 in this 
optical disk apparatus. 
0.126 The condensing optical system 40A includes: a 
collimator lens 42 for collimating outgoing radiation 51, 
which has been emitted from the semiconductor laser device 
41, into parallel light; a diffraction grating 43 for Splitting 
the parallel light into three beams (not shown); a half prism 
44 for transmitting the outgoing radiation 51 and changing 
the optical path of light 52 that has been reflected from the 
optical disk.50; and a condenser lens 45 for condensing these 
three beams onto the optical disk 50. These members are 
placed in this order Such that the collimator lens 42 is closest 
to the semiconductor laser device 41. In the illustrated 
embodiment, laser radiation with a wavelength of about 405 
nm is used as the outgoing radiation 51. 
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0127 Each of the three beams is condensed on the optical 
disk 50 as a spot with a diameter of about 0.8 um. A drive 
circuit 46 is further provided to correct a radial displacement 
of the optical disk 50, which is detected based on the 
locations of these three spots, by moving the condenser lens 
45 appropriately. 
0128. On the optical path of the reflected light 52 out 
going from the half prism 4.4, provided are a receiving lens 
47 for converging the reflected light 52, a cylindrical lens 48 
for detecting a focus error, and a photodiode 49 for con 
Verting the condensed reflected light 52 into electrical Sig 
nals. 

0129. As described above, the optical disk apparatus 
includes: the condensing optical System 40A for guiding the 
outgoing radiation 51 emitted from the Semiconductor laser 
device 41 onto the optical disk 50; and the photodiode 49 
receiving the light 52 that has been reflected from the optical 
disk 50. If the inventive semiconductor light-emitting device 
that can emit blue laser radiation Stably just as designed is 
applied to this optical disk apparatus, then data that has been 
recorded on the optical disk 50 at a high density can be read 
out (reproduced). 
0130. The laser chip preferably exhibits self-oscillating 
properties to read out information more accurately. This is 
because even if the optical output power of the laser chip is 
relatively low, the laser chip is leSS Susceptible to the effects 
of returning radiation in such a situation and the SNR 
improves as a result. When the laser chip is provided with 
Such self-oscillating properties, there is no need to addition 
ally provide any radio frequency circuit to minimize the 
effects of that light returning to the Semiconductor laser 
device 41, thus simplifying the device construction advan 
tageously and making it easier to downsize the device. 
0131 Furthermore, the optical disk apparatus according 
to this embodiment can also operate to output laser radiation 
at a power of as high as about 25 mW. Thus, the optical disk 
apparatus can also write, or record, data onto the optical disk 
50. That is to Say, the optical disk apparatus can perform 
both recording and reproducing operations alike using a 
Single Semiconductor laser device 41 and the performance 
thereof is excellent in Spite of its Simplified configuration. 

EMBODIMENT 4 

0132 Hereinafter, a fourth embodiment of the present 
invention will be described with reference to the accompa 
nying drawings. 
0.133 FIG. 13 schematically illustrates an arrangement 
of an optical disk apparatus according to the fourth embodi 
ment of the present invention. The optical disk apparatus 
according to this embodiment uses the inventive Semicon 
ductor light-emitting device as a light Source Section thereof. 
Also, the optical disk apparatus can be of Smaller Size and 
thickness by providing a laser chip, a photodiode for detect 
ing an optical Signal and a micro mirror for changing the 
optical path of laser radiation emitted from the laser chip on 
a single Support member or Substrate of Silicon (Si). In the 
following description, the laser chip, photodiode and micro 
mirror will be collectively referred to as a “laser unit'. 
0134. As shown in FIG. 13, the laser unit 61 is disposed 
at Such a position that the emissive end facet thereof faces 
the data-retaining Side of an optical disk 50, i.e., a Storage 
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medium on which desired data has been recorded. And a 
condensing optical system 40B is provided between the laser 
unit 61 and the optical disk 50 in this optical disk apparatus. 
0.135 The condensing optical system 40B includes a 
hologram 62 including: a grating pattern on a first incidence 
plane thereof to split the outgoing radiation 51 incident on 
the first plane into three beams, and a holographic pattern on 
a Second incidence plane, on which the light 52 that has been 
reflected from the optical disk 50 is incident, such that the 
light 52 is diffracted, condensed and diffused as ifirst-order 
light in the direction parallel to the surface of the disk 50. 
The system 40B further includes: a quarter-wave plate 63 for 
converting linearly polarized light into circularly polarized 
light, or Vice versa; and an objective lens 64 for condensing 
the outgoing radiation 51 onto a desired information track on 
the optical disk 50. These members are provided in this order 
such that the hologram 62 is the closest to the laser unit 61. 
An actuator 65 is further provided beside the condensing 
optical system 40B to correct the deviation between the 
outgoing radiation 51 and the reflected light 52. 
0.136 FIG. 14 illustrates a configuration for the laser unit 
61 according to this embodiment. As shown in FIG. 14, the 
laser unit 61 is formed on a single substrate 71 of Si. A 
concave portion 71a is provided in the principal Surface of 
the substrate 71, and the inventive semiconductor laser chip 
72 is bonded onto the bottom of the concave portion 71a 
with solder, for example. A micro mirror 73 is provided on 
a Sidewall of the concave portion 71a So as to face the 
emissive end facet of the laser chip 72 and to form an angle 
of 45 degrees with the principal Surface of the Substrate 71. 
In this arrangement, the outgoing radiation 51 emitted from 
the laser chip 72 is reflected from the micro mirror 73 to 
advance Substantially vertically to the principal Surface of 
the Substrate 71. In this case, the micro mirror 73 is 
preferably a (111) plane of Si. The Si (111) plane can be 
optically planarized easily because the (111) plane can be 
formed with ease by anisotropic etching and is chemically 
Stable. An angle of 54 degrees sharp is formed between the 
(111) plane and a (100) plane. Thus, if a substrate with its 
principal plane inclined from a (100) plane toward the 110 
direction by 9 degrees is used as the substrate 71, then the 
Sidewall forming the angle of 45 degrees with the principal 
plane of the substrate 71 can be obtained as intended. 
0.137 An output-monitoring photodiode 74 for monitor 
ing the output power of the laser chip 72 based on the laser 
radiation emitted in a Small quantity from the reflective end 
facet of the laser chip 72 is formed on another sidewall of the 
concave portion 71a of the substrate 71 so as to form an 
angle of 63 degrees with the principal Surface of the Sub 
strate 71 and to face the micro mirror 73. The Surface of the 
micro mirror 73 may be either bare silicon or be coated with 
a metal thin film of Au, Ag or Al, which reflects the laser 
radiation at a high reflectance and absorbs the radiation at a 
low absorbance, to improve the luminous efficacy of the 
laser radiation. 

0138 First and second photodiodes 75A and 75B are 
provided as photodetectors for receiving the reflected light 
52 in the upper part of the substrate 71, which is a bulk of 
a Semiconductor, So as to be parallel to the reflective plane 
of the micro mirror 73 and to interpose the micro mirror 73 
therebetween. Each of these photodiodes 75A and 75B is 
divided into five portions extending in the direction parallel 
to the reflective plane of the micro mirror 73. 
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0139 FIG. 15 illustrates a cross-sectional structure and 
the action of the hologram 62. AS described above, a grating 
pattern 62g is formed on the first incidence plane 62a, on 
which the outgoing radiation 51 that has been substantially 
emitted from a position 73a on the micro mirror 73 is 
incident. And a holographic pattern 62h is formed on the 
Second incidence plane 62b, which faces the first incidence 
plane 62a and receives the reflected light 52. First diffracted 
light 52a of the reflected light 52 that has been incident on 
the hologram 62 and then diffracted toward the first photo 
diode 75A is a beam focused in front of the light-receiving 
plane of the first photodiode 75A. On the other hand, second 
diffracted light 52b that has been diffracted toward the 
second photodiode 75B is a beam focused behind the 
light-receiving plane of the second photodiode 75B. 
0140 FIG.16(a) schematically illustrates a planar layout 
of the laser unit according to this embodiment. In FIG. 
16(a), the same components as those illustrated in FIG. 14 
are identified by the same reference numerals. AS shown in 
FIG. 16(a), the light-receiving area of each of the photo 
diodes 75A and 75B is divided into five areas. One of the 
three reflected (or diffracted) beams 52 is incident on the 
inner three areas of the five. And the other two reflected (or 
diffracted) beams 52 are incident on the remaining two outer 
CS. 

0141 Hereinafter, respective methods for detecting 
tracking error Signal, focus error Signal and information 
Signal recorded on the optical disk will be outlined. 
0142. The tracking error signal TES is given by the 
following Equation (1): 

0143 where T1 and T2 represent the signal intensities of 
the beams incident on the two outer areas of the first 
photodiode 75A and T3 and T4 represent the signal inten 
Sities of the beams incident on the two outer areas of the 
second photodiode 75B, respectively, as shown in FIG. 
16(a). 
0144. The focus error signal FES is given by the follow 
ing Equation (2): 

0145 where S1, S2 and S3 represent the signal intensities 
of the beam incident on the three inner areas of the first 
photodiode 75A and S4, S5 and S6 represent the signal 
intensities of the beam incident on the three inner areas of 
the second photodiode 75B, respectively, as shown in FIG. 
16(b). 
0146 The actuator 65 shown in FIG. 13 is driven such 
that the result of Equation (2) becomes Zero, thereby making 
the objective lens 64 follow up the information tracks on the 
optical disk 50. 
0147 In the illustrated embodiment, FIG. 16(b) shows a 
situation where FES=0, thus indicating that no focus error is 
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caused. In contrast, FES is not equal to Zero in either 
situation shown in FIG. 16(c) or 16(d), thus indicating that 
a focus error has been caused. 

0.148. The information signal RFS is also given in the 
same way by the following Equation (3): 

0149 According to this embodiment, the optical disk 
apparatus can be downsized and thinned by using the laser 
unit 61 shown in FIG. 14. Also, in fabricating the optical 
disk apparatus according to this embodiment, the assembly 
process is completed by Simply performing the Steps of: 
preparing the Si Substrate 71 with the photodiodes 75A and 
75B and the concave portion 71a formed in the principal 
Surface thereof and with the micro mirror 73 formed on a 
sidewall of the concave portion 71a, and bonding the laser 
chip 72 onto the bottom of the concave portion 71a of the 
Substrate 71. Accordingly, its fabricating proceSS is also 
Simplified and yet the production yield can be increased. 

What is claimed is: 
1. A method for fabricating a Semiconductor light-emit 

ting device of Group III-V compound Semiconductors, in 
which a quantum well layer including barrier and well layers 
is formed by a metalorganic vapor phase epitaxy process 
over a Substrate by alternately Stacking the barrier and well 
layers one upon the other, the band gap of the well layer 
being narrower than that of the barrier layer, the method 
comprising the Steps of: 

forming the barrier layer, which contains gallium and 
nitrogen, over the Substrate by using at least gallium 
and nitrogen Sources as first Source materials, and 

forming the well layer, which contains gallium, indium 
and nitrogen, on the barrier layer by using at least 
gallium, indium and nitrogen Sources as Second Source 
materials, 

wherein the gallium Source used in the Steps of forming 
the barrier layer and the well layer is triethylgallium. 

2. The method for fabricating a Semiconductor light 
emitting device of claim 1, wherein the Step of forming the 
barrier layer comprises the Step of forming the barrier layer 
of aluminum gallium nitride by using an aluminum Source as 
an additional one of the first Source materials, and 

wherein the Step of forming the well layer comprises the 
Step of forming the well layer of either gallium indium 
nitride or aluminum gallium indium nitride by using an 
aluminum Source as an additional one of the Second 
Source materials. 

3. The method for fabricating a semiconductor light 
emitting device of claim 1, wherein an indium mole fraction 
of the well layer is larger than Zero and equal to or Smaller 
than 0.1. 


